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- Hello and Welcome to my Presentation on flowR 
- A tool for static analysis of R code 
- With the main goal of helping with Code Comprehension and Quality 
- **Next Slide** 



The R Programming Language

• R is mainly designed for statistical computing[1]

• Heavily used in research (e.g., social science)[2]

• Ranks 6th on PYPL[3]

• Over 20 000 packages on CRAN[1]

• Most users are from non-computer-science domains

• Several problems in practice[2, 4]

• Replication
• Program comprehension
• Missing tool support

• Demand for software engineering practices[5]
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- R is designed for statistical analysis 
- and used heavily in research, for example, in psychology for visualization, analysis, and data cleaning as part of a publication (e.g., to back up the claims in the paper). 
- Today, R ranks 6th on the PopularitY of Programming Language Index 
- enjoying way over 2 million users and more than 20 thousand packages on CRAN 
- Yet, large parts of the R userbase are not computer scientists which separates R from other languages. 
- Furthermore, there are several problems in practice. 
- Replication, Comprehension (because it does a lot of things), missing Tool Support 
- We will examine this ont the next slides 
- And a demand for the introduction of software engineering practices to compensate these problems. 
- **Next Slide** 
- [[own jurnal (JIF: 1.67)]] 
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R Scripts

#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pūre orchard, Latvia from 1959 to 2019" (2021, Zenodo)

We analyzed 4 083 R-files[7]

[7] Sihler et al., “On the Anatomy of Real-World R Code for Static Analysis” (2024, MSR)
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R Scripts
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pūre orchard, Latvia from 1959 to 2019" (2021, Zenodo)

We analyzed 4 083 R-files[7]
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R Scripts
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pūre orchard, Latvia from 1959 to 2019" (2021, Zenodo)

We analyzed 4 083 R-files[7]

[7] Sihler et al., “On the Anatomy of Real-World R Code for Static Analysis” (2024, MSR)

F. Sihler (Ulm University) flowR — Problems 3.3

protect �egingroup def MessageBreak {
               }let protect immediatewrite @unused {
LaTeX Warning: No author given.
}endgroup 
 
- Let's have a look at R scripts in practice. 
- While we have analyzed over 4000 R files, which are supplicants to research R publications, sketching the most common problems here, 
- we want you to consider the position of a reviewer which is to judge if the supplicant R scripts can be replicated and backs the result of the publication. 
- Script large of 371 lines, slightly above average (348 average lines) 
- Reduced for impression to fit on slide 
- First of all, does not run unhbox voidb@x protect penalty @M  &gt; errors, example is real (supplicant to script) 
- **Next Slide** 



R Scripts Fail to Replicate
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pūre orchard, Latvia from 1959 to 2019" (2021, Zenodo)

74 % even fail to complete![2]

[2] Trisovic et al., “A Large-Scale Study on Research Code Quality and Execution” (2022, Nature Publishing Group)

F. Sihler (Ulm University) flowR — Problems 4.1
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- randomness without seed, unknown if intendent or differences are due to randomness 
- up to you the reviewer to decide if differences in the results are intendet, due to randomness or errors 
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R Scripts Fail to Replicate
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)
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74 % even fail to complete![2]

[2] Trisovic et al., “A Large-Scale Study on Research Code Quality and Execution” (2022, Nature Publishing Group)

F. Sihler (Ulm University) flowR — Problems 4.2

protect �egingroup def MessageBreak {
               }let protect immediatewrite @unused {
LaTeX Warning: No author given.
}endgroup 
 
- hardcoded paths, scattered througout the script 
- randomness without seed, unknown if intendent or differences are due to randomness 
- up to you the reviewer to decide if differences in the results are intendet, due to randomness or errors 
- problems backed up by a study from Trisovic with R projects as parts of publications: 74% fail to run to completion complete 
- missing libraries or files 
- syntax errors 
- missing setup 
- **Next Slide** 



R Scripts Fail to Replicate
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

Hardcoded Paths

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pūre orchard, Latvia from 1959 to 2019" (2021, Zenodo)

74 % even fail to complete![2]

[2] Trisovic et al., “A Large-Scale Study on Research Code Quality and Execution” (2022, Nature Publishing Group)
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- hardcoded paths, scattered througout the script 
- randomness without seed, unknown if intendent or differences are due to randomness 
- up to you the reviewer to decide if differences in the results are intendet, due to randomness or errors 
- problems backed up by a study from Trisovic with R projects as parts of publications: 74% fail to run to completion complete 
- missing libraries or files 
- syntax errors 
- missing setup 
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R Scripts Fail to Replicate
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

Hardcoded Paths

(Pseudo-)Randomness without Seed

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pūre orchard, Latvia from 1959 to 2019" (2021, Zenodo)

74 % even fail to complete![2]

[2] Trisovic et al., “A Large-Scale Study on Research Code Quality and Execution” (2022, Nature Publishing Group)

F. Sihler (Ulm University) flowR — Problems 4.4

protect �egingroup def MessageBreak {
               }let protect immediatewrite @unused {
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}endgroup 
 
- hardcoded paths, scattered througout the script 
- randomness without seed, unknown if intendent or differences are due to randomness 
- up to you the reviewer to decide if differences in the results are intendet, due to randomness or errors 
- problems backed up by a study from Trisovic with R projects as parts of publications: 74% fail to run to completion complete 
- missing libraries or files 
- syntax errors 
- missing setup 
- **Next Slide** 



R Scripts Fail to Replicate
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

Hardcoded Paths

(Pseudo-)Randomness without Seed

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pūre orchard, Latvia from 1959 to 2019" (2021, Zenodo)

74 % even fail to complete![2]

[2] Trisovic et al., “A Large-Scale Study on Research Code Quality and Execution” (2022, Nature Publishing Group)

F. Sihler (Ulm University) flowR — Problems 4.5
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- hardcoded paths, scattered througout the script 
- randomness without seed, unknown if intendent or differences are due to randomness 
- up to you the reviewer to decide if differences in the results are intendet, due to randomness or errors 
- problems backed up by a study from Trisovic with R projects as parts of publications: 74% fail to run to completion complete 
- missing libraries or files 
- syntax errors 
- missing setup 
- **Next Slide** 



R Scripts Do Too Much
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)
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R Scripts Do Too Much
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)
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R Scripts Do Too Much
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)
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• Several analyses in one script

• Hard to comprehend

• Hard to extract/re-use parts

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pūre orchard, Latvia from 1959 to 2019" (2021, Zenodo)
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- If you cannot run the code or are now reviewing if it is cleaning and treating the data faithfully, you have to analyze and comprehend the code. 
- But R-Scripts do too much, even if the example is one of the more structured 
- Builds and prepares two models 
- Produces three figures 
- Defines several functions 
- If you are interested in just one figure you have to analyze the whole script (debugging statement, other demands) 
- Even if you just want to reuse the figure for a comparative study (or contrast it with your analysis) 
- **Next Slide** 
- (Reusability) 
- [[Reviewer Story]] 



R Scripts Do Too Much
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)
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Model
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• Several analyses in one script

• Hard to comprehend

• Hard to extract/re-use parts

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pūre orchard, Latvia from 1959 to 2019" (2021, Zenodo)
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R Scripts Do Too Much
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)
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R Scripts Are Hard to Analyze

[8] mod.proj_wc← ecospat.ESM.Projection(ESM.modeling.output=mod,
new.env=eval(parse(text = paste("env_",period,"_wc",sep=""))))

 String-based code evaluation

[9] pull.cat ← function(x) {
bins ← 5
increments ← (range(x)[2] - range(x)[1])/(bins - 1)
to_return ← seq(range(x)[1], range(x)[2], increments)
return(to_return)

}
up.cat ← function(new_bins) {

up_bins = new_bins
body(pull.cat)[[2]] ↞ substitute(bins ← up_bins)

}

 Self-modifying code
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R Scripts Are Hard to Analyze

[8] mod.proj_wc← ecospat.ESM.Projection(ESM.modeling.output=mod,
new.env=eval(parse(text = paste("env_",period,"_wc",sep=""))))

 String-based code evaluation

[9] pull.cat ← function(x) {
bins ← 5
increments ← (range(x)[2] - range(x)[1])/(bins - 1)
to_return ← seq(range(x)[1], range(x)[2], increments)
return(to_return)

}
up.cat ← function(new_bins) {

up_bins = new_bins
body(pull.cat)[[2]] ↞ substitute(bins ← up_bins)

}

 Self-modifying code

[8] Ma et al., Predicting range shifts of pikas (Mammalia, Ochotonidae) in China under scenarios incorporating land-use change, climate change, and dispersal limitations (2021, Zenodo) [L. 135f]
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R Scripts Are Hard to Analyze

[8] mod.proj_wc← ecospat.ESM.Projection(ESM.modeling.output=mod,
new.env=eval(parse(text = paste("env_",period,"_wc",sep=""))))

 String-based code evaluation

[9] pull.cat ← function(x) {
bins ← 5
increments ← (range(x)[2] - range(x)[1])/(bins - 1)
to_return ← seq(range(x)[1], range(x)[2], increments)
return(to_return)

}
up.cat ← function(new_bins) {

up_bins = new_bins
body(pull.cat)[[2]] ↞ substitute(bins ← up_bins)

}

 Self-modifying code

[8] Ma et al., Predicting range shifts of pikas (Mammalia, Ochotonidae) in China under scenarios incorporating land-use change, climate change, and dispersal limitations (2021, Zenodo) [L. 135f]
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R Scripts Are Hard to Analyze

[8] mod.proj_wc← ecospat.ESM.Projection(ESM.modeling.output=mod,
new.env=eval(parse(text = paste("env_",period,"_wc",sep=""))))

 String-based code evaluation

[9] pull.cat ← function(x) {
bins ← 5
increments ← (range(x)[2] - range(x)[1])/(bins - 1)
to_return ← seq(range(x)[1], range(x)[2], increments)
return(to_return)

}
up.cat ← function(new_bins) {

up_bins = new_bins
body(pull.cat)[[2]] ↞ substitute(bins ← up_bins)

}

 Self-modifying code

[9] Robertson, Social hierarchy reveals thermoregulatory trade- offs in response to repeated stressors (2020, Zenodo) [L. 68ff]
[8] Ma et al., Predicting range shifts of pikas (Mammalia, Ochotonidae) in China under scenarios incorporating land-use change, climate change, and dispersal limitations (2021, Zenodo) [L. 135f]
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- Reiterate: fail to replicate, do too much, and hard to analyze 



R Scripts Are Hard to Analyze

[8] mod.proj_wc← ecospat.ESM.Projection(ESM.modeling.output=mod,
new.env=eval(parse(text = paste("env_",period,"_wc",sep=""))))

 String-based code evaluation

[9] pull.cat ← function(x) {
bins ← 5
increments ← (range(x)[2] - range(x)[1])/(bins - 1)
to_return ← seq(range(x)[1], range(x)[2], increments)
return(to_return)

}
up.cat ← function(new_bins) {

up_bins = new_bins
body(pull.cat)[[2]] ↞ substitute(bins ← up_bins)

}
 Self-modifying code

[9] Robertson, Social hierarchy reveals thermoregulatory trade- offs in response to repeated stressors (2020, Zenodo) [L. 68ff]
[8] Ma et al., Predicting range shifts of pikas (Mammalia, Ochotonidae) in China under scenarios incorporating land-use change, climate change, and dispersal limitations (2021, Zenodo) [L. 135f]

F. Sihler (Ulm University) flowR — Problems 6.5

protect �egingroup def MessageBreak {
               }let protect immediatewrite @unused {
LaTeX Warning: No author given.
}endgroup 
 
- Hard to analyze for humans but hard to analyze for machines as well 
- I show now two simple, but representative and real examples 
- String-Based evaluation 
- eval is used quite heavily and often in practice 
- if you want to analyze these scripts faithfully you must at least partially support them or detect if you have to give up 
- Modifying existing functions 
- *other things*: 
- Access values of other environments (e.g., ggplot) 
- Reiterate: fail to replicate, do too much, and hard to analyze 



R Scripts Are Hard to Analyze

[8] mod.proj_wc← ecospat.ESM.Projection(ESM.modeling.output=mod,
new.env=eval(parse(text = paste("env_",period,"_wc",sep=""))))

 String-based code evaluation

[9] pull.cat ← function(x) {
bins ← up_bins # (e.g., 6)
increments ← (range(x)[2] - range(x)[1])/(bins - 1)
to_return ← seq(range(x)[1], range(x)[2], increments)
return(to_return)

}
up.cat ← function(new_bins) {

up_bins = new_bins
body(pull.cat)[[2]] ↞ substitute(bins ← up_bins)

}
 Self-modifying code

[9] Robertson, Social hierarchy reveals thermoregulatory trade- offs in response to repeated stressors (2020, Zenodo) [L. 68ff]
[8] Ma et al., Predicting range shifts of pikas (Mammalia, Ochotonidae) in China under scenarios incorporating land-use change, climate change, and dispersal limitations (2021, Zenodo) [L. 135f]
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- if you want to analyze these scripts faithfully you must at least partially support them or detect if you have to give up 
- Modifying existing functions 
- *other things*: 
- Access values of other environments (e.g., ggplot) 
- Reiterate: fail to replicate, do too much, and hard to analyze 
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The Goal of flowR
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)



#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(.m, . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= mpari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(1mdata)) %>%
mutate(Analysis_DoY = purrr::map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2[0m, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(mpari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$mYear %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA::GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., 3Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(1mpari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(3Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(1mTb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(1mRMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra::arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid::grid.newpage()
grid::grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

• Interested in a single figure

• ≈ 70 % reduction

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pūre orchard, Latvia from 1959 to 2019" (2021, Zenodo)
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The Goal of flowR
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)



#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(.m, . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= mpari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(1mdata)) %>%
mutate(Analysis_DoY = purrr::map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2[0m, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(mpari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$mYear %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA::GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., 3Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(1mpari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(3Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(1mTb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(1mRMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra::arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid::grid.newpage()
grid::grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

• Interested in a single figure

• ≈ 70 % reduction

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pūre orchard, Latvia from 1959 to 2019" (2021, Zenodo)
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The Goal of flowR
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)



#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(.m, . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= mpari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(1mdata)) %>%
mutate(Analysis_DoY = purrr::map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2[0m, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(mpari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$mYear %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA::GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., 3Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(1mpari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(3Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(1mTb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(1mRMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra::arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid::grid.newpage()
grid::grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

• Interested in a single figure

• ≈ 70 % reduction

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pūre orchard, Latvia from 1959 to 2019" (2021, Zenodo)
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The Goal of flowR
#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(., . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= pari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(data)) %>%
mutate(Analysis_DoY = purrr :: map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(pari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$Year %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA :: GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(Tb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(RMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra :: arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid :: grid.newpage()
grid :: grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)



#R version 4.0.5 (2021-03-31)
library("groundhog")
p ← c("tidyverse", "broom", "svglite", "gdtools", "GenSA", "gghighlight")
groundhog.library(p, "2021-02-15")
rm(p)
# latvina for cultivar names
sessionInfo(); Sys.setlocale("LC_ALL", "Latvian") # lv valoda
# set the data directory and load workspace
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image.RData")
# -----------------------------------------
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"
{
# --------------------------
# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
{

dM ← d %>%
filter(Year %in% (meteoH$e_obs$Year))

dM ← dM %>%
group_by(Variety) %>%
summarize(N = n()) %>%
arrange(N) %>%
filter(N >= 14) %>% # 12 skirnes
select(-N) %>%
left_join(dM)

}
# ----------------------
# FUNCTION definitinos
# phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details
{

# parameter set for model testing
pari = c(Tb = 10.1, DD = 200.1) # Tb - base temperature; DD - cumulative degree days for phase onset
# lookup table for sin distribution
sadalijums = round((sin(seq(0, 1, 0.01) *2 *pi) + 1)/2, 2)
# elementary function, start of heat sum accumulation Januar 1
DDsin_el ← function(pari,

meteoi,
sadalijums) {

# pari - model parameters (Tb and DD)
# meteoi - meteorology data
# sadalijums - lookup table for sin distributino
a ← meteoi %>%
mutate(Tspread = Tmax - Tmin,

DD = map2(Tspread, Tmin, ~(sadalijums * .x) + .y),
DD = map(DD, ~(. -pari["Tb"])),
DD = map_dbl(DD, ~replace(.m, . < 0, 0) %>% sum()),
DD = DD / length(sadalijums),
DD = cumsum(DD)) %>%

filter(DD >= mpari["DD"]) %>%
filter(DoY == min(DoY)) %>%
select(Date, DoY, DD) %>%
rename(Analysis_DoY = DoY)
return(a)

}
# elementary function test
DDsin_el(pari = pari,

meteoi = meteo$e_obs$data[[1]],
sadalijums = sadalijums)

# applyign the elementary functino to full data set
DDsin ← function(pari,

sadalijums,
dd,
meteod) {

# dd - phenology data,
# meteod - meteorology data to be used
# pari - phenology model paramters (Tb, DD)
# Tb - bazes temepratura
inner_join(dd, meteod, by = c("Year")) %>%
filter(!is.na(1mdata)) %>%
mutate(Analysis_DoY = purrr::map(data, ~DDsin_el(pari = pari,

meteoi = .,
sadalijums = sadalijums))) %>%

unnest(cols = c(Analysis_DoY))
}
# test the model for furll data set
DDsin(pari = pari,

sadalijums = sadalijums,
dd = d[c(1:10),],
meteod = meteo$e_obs)

# calculating the model preformance indicators
# (Nstat - number of data points; ME - mean erro; MAE - mean absolute error; RMSE - root mean squared error)
DDsin_stat ← function(pari,

stats,
sadalijums,
dd,
meteod) {

# pari - parameter set for phenology model (Tb, DD)
# stats - to be returned, charatet vector, any combinatio of Nstat, ME, MAE, RMSE
# sadalijums - sin distribution lookutable
# dd - phenology data
# meteod - meteorology data
analyse ← DDsin(pari = pari,

sadalijums = sadalijums,
dd = dd,
meteod = meteod)

statistics ← analyse %>%
ungroup() %>%
mutate(dif = Full_bloom_yd - Analysis_DoY) %>%
summarize(Nstat = n(),

ME = mean(dif, na.rm = T),
MAE = mean(abs(dif), na.rm = T),
RMSE = sqrt(mean(dif^2[0m, na.rm = T)))

statistics %>%
select(contains(stats)) %>%
unlist()

}
DDsin_stat(pari = pari,

stats = c("ME", "RMSE"),
sadalijums = sadalijums,
dd = d[c(1:20), ],
meteod = meteo$e_obs)

}
# model optimizatino
{

DDsinOpt ← function(pari, dd, meteod, maxit,
loweri, upperi) {

# pari - phenology model initial paramters (Tb, DD)
# dd - phenology data
# meteod - meteorological data
# maxit - maximum number of GenSA iterations, set to 1 for testing
# loweri - lower bound of model parameter range (Tb, DD)
# upperi - upper bound of model parameter range (Tb, DD)
# if pari == NA a random set is generated
if (any(is.na(mpari))) {
pari = runif(2) * (upperi - loweri) + loweri
}
# test if the phenology and meteorology data oweralap in time
if (any(dd$mYear %in% meteod$Year)) {
print(Sys.time())
print("DDsinOpt")
a ← GenSA::GenSA(par = pari,

fn = DDsin_stat,
lower = loweri,
upper = upperi,
stats = c("RMSE"),
sadalijums = sadalijums,
dd = dd,
meteod = meteod,
control = list(maxit = maxit,

verbose = T,
temperature = 10000,
smooth = T,
simple.function = T))

return(a$par)
} else {
print("meteoorology and phneology data do not owerlap!")
c(Tb = NA, DD = NA)
}

}
# test the optimizatino function
DDsinOpt(pari = NA, dd = d[c(200:230),], meteod = meteoH$e_obs, maxit = 1,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 10, DD = 400))
DDsinOpt(pari = c(Tb = 10.1, DD = 200.1), dd = d[c(220:235),], meteod = meteoH$e_obs, maxit = 2,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400))
}
# -----------------------------------------
# MODEL OPTIMIZATION
# model optimization by cultivar and meteorology data source, to compare the model fit between data sources
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← dM %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., Ncal = sum(Cal)) %>% unlist()))
for (n in names(meteoH)) {
print(n)
a ← di %>%

mutate(Gensa = map(data, ~DDsinOpt(pari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,
lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%

t() %>% as.data.frame()),
Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),

stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteoH[[n]]) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)

rez = bind_rows(rez, a)
rm(i, a)
# write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_5_fix_t0_100_MeteoTest_min14.rds")
}
rm(n,i)

}
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/fit_all.rds")
# cehck the results
tail(rez)
meteo_comparison ← rez; rm(rez)

}
# model optimization with e-obs data set lumped all varieties
{

# emty object to store optimizatio results
rez = c()
# initial parameter set;
pari = c(Tb = NA, DD = NA)
for(i in c(1:100)) {

print(i)
di ← d %>%
group_by(Variety) %>%
nest() %>%
mutate(data = map(data, ~mutate(., Cal = as.logical(rbinom(dim(.)[1], size = 1, prob = 0.5)))),

Ncal = map_dbl(data, ~summarize(., 3Ncal = sum(Cal)) %>% unlist()))

a ← di %>%
mutate(Gensa = map(data, ~DDsinOpt(1mpari = pari, dd = filter(., Cal), meteod = meteoH[[n]], maxit = 5,

lower = c(Tb = 0, DD = 100), upper = c(Tb = 11, DD = 400)) %>%
t() %>% as.data.frame()),

Stat = map2(Gensa, data, ~DDsin_stat(pari = unlist(.x),
stats = c("Nstat" ,"ME", "MAE","RMSE"),
dd = .y %>% filter(!Cal),
sadalijums = sadalijums,
meteod = meteo$e_obs) %>%

t() %>% as.data.frame())) %>%
select(Variety, Ncal, Gensa, Stat) %>%
unnest(cols = c(Gensa, Stat)) %>%
mutate(Meteo = n)
rez = bind_rows(rez, a)
rm(i, a)
}

rm(n,i)
# save the results
write_rds(rez, "G:/Shared drives/Fenologija/Raksti/abeles/rez_R/e_obs_noVariety.rds")
# cehck the results
tail(rez)
e_obs_noVariety ← rez; rm(rez)

}
}
# -----------------------------------------
# ILUSTRATIONS
# Figure 1 periodu medians
{

dMed_year ← d %>%
group_by(Year) %>%
summarize(Med = median(Full_bloom_yd))

dMed_periods ←
tibble(Per = c("I", "II", "III"), From = c(1959, 1976, 2002), To = c(1967, 1987, 2019)) %>%
mutate(Med = map2_dbl(From, To, ~filter(d, Year >= .x, Year <= .y) %>%

summarize(Med = median(Full_bloom_yd)) %>% pull())) %>%
gather(Par, Value, -Per, -Med)

print(dMed_periods)
a ← d %>%

ggplot(aes(Year, Full_bloom_yd)) +
geom_jitter(shape = 1, width = 0.2, height = 0) +
geom_line(data = dMed_periods, mapping = aes(Value, Med, group = Per), lwd = 2, alpha = 0.5) +
scale_x_continuous(minor_breaks = c(1957, 1958, 1959:2019, 2020, 2021),

breaks = seq(1960, 2015, 5)) +
ylab("Full flowering, day of the year")

print(a)
rm(dMed_year, dMed_periods, a)

}
# Figure 2 meteo salidzinajums
{

a ← meteo_salidzinajums %>%
mutate(Meteo = replace(Meteo, Meteo == "meteo.lv", "Stende meteorological station")) %>%
select(-Ncal, -Nstat, -Tb, -DD) %>%
mutate(Variety = str_replace(Variety, " ", "\n")) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
ggplot(aes(Variety, Value_e, fill = Meteo)) +
geom_boxplot() +
facet_wrap(~Error, scales = "free") +
ylab("Model error, days") +
labs(fill = ’Meteorological data source’) +
theme(axis.text.x = element_text(angle = 90, vjust = 0.5, hjust=1),

legend.position = "bottom")
print(a)
rm(a)
# statistika
meteo_salidzinajums %>%

select(-Ncal, -Nstat, -Tb, -DD) %>%
gather(Error, Value_e, -Variety, -Meteo) %>%
group_by(Error, Meteo) %>%
summarize(Med = median(Value_e)) %>%
as.data.frame()

}
# Figure 3
# Tb un DD e-obsam, visual inspection
{

a ← e_obs_noVariety %>%
ggplot(aes(3Tb, DD)) +
geom_point(shape = 1)

a ← ggplotGrob(a)
b ← e_obs_noVariety %>%

ggplot(aes(1mTb, RMSE)) +
geom_point(shape = 1)

b ← ggplotGrob(b)
cc ← e_obs_noVariety %>%

ggplot(aes(1mRMSE, DD)) +
geom_point(shape = 1)

cc ← ggplotGrob(cc)
blank ← ggplot() + theme_void()
blank ← ggplotGrob(blank)

abc ← gridExtra::arrangeGrob(cbind(rbind(a, b, size = "first"),
rbind(cc, blank, size = "first"),
size = "first"))

grid::grid.newpage()
grid::grid.draw(abc)
rm(a, b, cc, abc, blank)

}
# a single best paramter (Tb, DD) set
{

e_obs_noVariety_global ←
e_obs_noVariety %>%
rename(Nstat_l = Nstat,ME_l = ME, MAE_l = MAE, RMSE_l = RMSE) %>%
mutate(stats = map2(Tb, DD, ~ DDsin_stat(pari = c(Tb = .x, DD = .y),

stats = c("Nstat", "ME", "MAE", "RMSE"),
sadalijums = sadalijums,
dd = d,
meteod = meteo$e_obs)))

e_obs_noVariety_global %>%
mutate(stats = map(stats, ~array(., c(1, length(.)), dimnames = list(NULL, names(.))) %>% as.data.frame())) %>%
unnest(cols = c(stats)) %>%
arrange(RMSE) %>% as.data.frame()

z ← e_obs_noVariety %>%
filter(Tb >= 2.5, Tb <= 4.0) %>%
arrange(RMSE)

as.data.frame(z)
range(z$DD)

}
rm(z, e_obs_noVariety_global)

• Interested in a single figure

• ≈ 70 % reduction

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pūre orchard, Latvia from 1959 to 2019" (2021, Zenodo)
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- Perspective from Software Engineering: Program Slicing 
- Getting back to R code from before 
- Interested in a single figure 
- Find it in the code 
- Slice / variable of interest 
- around 70 percent reduction to just around 30 percent 
- Furthermore, can assume that lines are related to the part of interest 
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- Parsing (tree structure of keywords) 
- Normalization (remove R sugar, simpler form for analysis) 
- Dataflow (graph, resolve definitions, usages, function calls, side-effects and more) 
- Slicing (reachability problem on the dataflow graph) 
- Reconstruction of the code to the actual reduced representation 
- Even though flowR currnetly only supports slicing the approach is modular 
- The dataflow can be used for other purposes and analysis as well 
- Improve function call detections, unused parts, find errors and support users in writing reproducible code 
- How to use? 
- **Next Slide** 
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- Parsing (tree structure of keywords) 
- Normalization (remove R sugar, simpler form for analysis) 
- Dataflow (graph, resolve definitions, usages, function calls, side-effects and more) 
- Slicing (reachability problem on the dataflow graph) 
- Reconstruction of the code to the actual reduced representation 
- Even though flowR currnetly only supports slicing the approach is modular 
- The dataflow can be used for other purposes and analysis as well 
- Improve function call detections, unused parts, find errors and support users in writing reproducible code 
- How to use? 
- **Next Slide** 
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- Parsing (tree structure of keywords) 
- Normalization (remove R sugar, simpler form for analysis) 
- Dataflow (graph, resolve definitions, usages, function calls, side-effects and more) 
- Slicing (reachability problem on the dataflow graph) 
- Reconstruction of the code to the actual reduced representation 
- Even though flowR currnetly only supports slicing the approach is modular 
- The dataflow can be used for other purposes and analysis as well 
- Improve function call detections, unused parts, find errors and support users in writing reproducible code 
- How to use? 
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- Parsing (tree structure of keywords) 
- Normalization (remove R sugar, simpler form for analysis) 
- Dataflow (graph, resolve definitions, usages, function calls, side-effects and more) 
- Slicing (reachability problem on the dataflow graph) 
- Reconstruction of the code to the actual reduced representation 
- Even though flowR currnetly only supports slicing the approach is modular 
- The dataflow can be used for other purposes and analysis as well 
- Improve function call detections, unused parts, find errors and support users in writing reproducible code 
- How to use? 
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- Parsing (tree structure of keywords) 
- Normalization (remove R sugar, simpler form for analysis) 
- Dataflow (graph, resolve definitions, usages, function calls, side-effects and more) 
- Slicing (reachability problem on the dataflow graph) 
- Reconstruction of the code to the actual reduced representation 
- Even though flowR currnetly only supports slicing the approach is modular 
- The dataflow can be used for other purposes and analysis as well 
- Improve function call detections, unused parts, find errors and support users in writing reproducible code 
- How to use? 
- **Next Slide** 
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- Parsing (tree structure of keywords) 
- Normalization (remove R sugar, simpler form for analysis) 
- Dataflow (graph, resolve definitions, usages, function calls, side-effects and more) 
- Slicing (reachability problem on the dataflow graph) 
- Reconstruction of the code to the actual reduced representation 
- Even though flowR currnetly only supports slicing the approach is modular 
- The dataflow can be used for other purposes and analysis as well 
- Improve function call detections, unused parts, find errors and support users in writing reproducible code 
- How to use? 
- **Next Slide** 
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- Parsing (tree structure of keywords) 
- Normalization (remove R sugar, simpler form for analysis) 
- Dataflow (graph, resolve definitions, usages, function calls, side-effects and more) 
- Slicing (reachability problem on the dataflow graph) 
- Reconstruction of the code to the actual reduced representation 
- Even though flowR currnetly only supports slicing the approach is modular 
- The dataflow can be used for other purposes and analysis as well 
- Improve function call detections, unused parts, find errors and support users in writing reproducible code 
- How to use? 
- **Next Slide** 
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- Parsing (tree structure of keywords) 
- Normalization (remove R sugar, simpler form for analysis) 
- Dataflow (graph, resolve definitions, usages, function calls, side-effects and more) 
- Slicing (reachability problem on the dataflow graph) 
- Reconstruction of the code to the actual reduced representation 
- Even though flowR currnetly only supports slicing the approach is modular 
- The dataflow can be used for other purposes and analysis as well 
- Improve function call detections, unused parts, find errors and support users in writing reproducible code 
- How to use? 
- **Next Slide** 



Visual Studio Code Integration

Rudimentary VSCode integration at:
github.com/Code-Inspect/vscode-flowr



F. Sihler (Ulm University) flowR — Using flowR 11.1

protect �egingroup def MessageBreak {
               }let protect immediatewrite @unused {
LaTeX Warning: No author given.
}endgroup 
 
- probably easiest way to use flowR at the moment 
- simple example just for the ease of comprehension 
- grays it out but there is another mode which relly removes the unimportant lines 
- can be explored 
- this is probably the user-friendliest 
- but there is support for tool-developers as well 

https://github.com/Code-Inspect/vscode-flowr
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- probably easiest way to use flowR at the moment 
- simple example just for the ease of comprehension 
- grays it out but there is another mode which relly removes the unimportant lines 
- can be explored 
- this is probably the user-friendliest 
- but there is support for tool-developers as well 

https://github.com/Code-Inspect/vscode-flowr


Using flowR github.com/Code-Inspect/flowr
github.com/Code-Inspect/vscode-flowr
hub.docker.com/r/eagleoutice/flowr
npmjs.com/package/@eagleoutice/flowr

 Server
{

"type": "request-file-analysis",
"id": "1",
"filetoken": "123",
"content": "x← 1;␣x*y"

}
{

"type": "request-slice",
"id": "2",
"filetoken": "123",
"criterion": ["1@x"]

}

/ Library
const s = new SteppingSlicer({

shell, tokenMap,
request:

requestFromInput("x← 1; x*y"),
criterion: [’1@x’],

})
const slice =

await s.allRemainingSteps()

& REPL
R> :parse "x← 1; x*y"
exprlist
⊢ expr
∣ ⊢ expr
∣ ∣ ␜ SYMBOL "x" (1:1)
[...]
R> :dataflow* "x ← 1; x * y"
https://mermaid.live/edit#base64:eyJj...

docker run -it --rm eagleoutice/flowr
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- You can use flowr as a server in a language agnostic way 
- As a library with direct code access 
- Interactively as a repl for the users to investigate 
- Can be run directly from docker (in server and repl mode) if they want to try it out 
- Available anywhere 
- **END OF Presentations** 
- Open for questions 
- especially regarding the inner workings of flowR? 
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}
{

"type": "request-slice",
"id": "2",
"filetoken": "123",
"criterion": ["1@x"]

}

/ Library
const s = new SteppingSlicer({

shell, tokenMap,
request:

requestFromInput("x← 1; x*y"),
criterion: [’1@x’],

})
const slice =

await s.allRemainingSteps()

& REPL
R> :parse "x← 1; x*y"
exprlist
⊢ expr
∣ ⊢ expr
∣ ∣ ␜ SYMBOL "x" (1:1)
[...]
R> :dataflow* "x ← 1; x * y"
https://mermaid.live/edit#base64:eyJj...

docker run -it --rm eagleoutice/flowr
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- You can use flowr as a server in a language agnostic way 
- As a library with direct code access 
- Interactively as a repl for the users to investigate 
- Can be run directly from docker (in server and repl mode) if they want to try it out 
- Available anywhere 
- **END OF Presentations** 
- Open for questions 
- especially regarding the inner workings of flowR? 
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}

/ Library
const s = new SteppingSlicer({

shell, tokenMap,
request:

requestFromInput("x← 1; x*y"),
criterion: [’1@x’],

})
const slice =

await s.allRemainingSteps()

& REPL
R> :parse "x← 1; x*y"
exprlist
⊢ expr
∣ ⊢ expr
∣ ∣ ␜ SYMBOL "x" (1:1)
[...]
R> :dataflow* "x ← 1; x * y"
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- You can use flowr as a server in a language agnostic way 
- As a library with direct code access 
- Interactively as a repl for the users to investigate 
- Can be run directly from docker (in server and repl mode) if they want to try it out 
- Available anywhere 
- **END OF Presentations** 
- Open for questions 
- especially regarding the inner workings of flowR? 
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}
{

"type": "request-slice",
"id": "2",
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}

/ Library
const s = new SteppingSlicer({
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request:
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criterion: [’1@x’],

})
const slice =

await s.allRemainingSteps()

& REPL
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- You can use flowr as a server in a language agnostic way 
- As a library with direct code access 
- Interactively as a repl for the users to investigate 
- Can be run directly from docker (in server and repl mode) if they want to try it out 
- Available anywhere 
- **END OF Presentations** 
- Open for questions 
- especially regarding the inner workings of flowR? 
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"type": "request-file-analysis",
"id": "1",
"filetoken": "123",
"content": "x← 1;␣x*y"

}
{

"type": "request-slice",
"id": "2",
"filetoken": "123",
"criterion": ["1@x"]

}

/ Library
const s = new SteppingSlicer({

shell, tokenMap,
request:

requestFromInput("x← 1; x*y"),
criterion: [’1@x’],

})
const slice =

await s.allRemainingSteps()
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- You can use flowr as a server in a language agnostic way 
- As a library with direct code access 
- Interactively as a repl for the users to investigate 
- Can be run directly from docker (in server and repl mode) if they want to try it out 
- Available anywhere 
- **END OF Presentations** 
- Open for questions 
- especially regarding the inner workings of flowR? 

https://github.com/Code-Inspect/flowr
https://github.com/Code-Inspect/vscode-flowr
https://hub.docker.com/r/eagleoutice/flowr
https://www.npmjs.com/package/@eagleoutice/flowr
https://mermaid.live/edit#base64:eyJjb2RlIjoiZmxvd2NoYXJ0IFREXG4gICAgMFtcImB4ICgwLCAqbG9jYWwqKVxuICAgICAgKjEuMS0xLjEqYFwiXVxuICAgIDMoW1wiYHggKDMpXG4gICAgICAqMS45LTEuOSpgXCJdKVxuICAgIDQoW1wiYHkgKDQpXG4gICAgICAqMS4xMy0xLjEzKmBcIl0pXG4gICAgMyAtLT58XCJyZWFkcyAoYWx3YXlzKVwifCAwIiwibWVybWFpZCI6e30sInVwZGF0ZUVkaXRvciI6ZmFsc2UsImF1dG9TeW5jIjp0cnVlLCJ1cGRhdGVEaWFncmFtIjpmYWxzZX0=
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The R Code Static Analysis Landscape
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- No one focuses directly on research software 
- But mostly performance and reproducibility 
- Pakete fokussieren und nur Ã¼ber ein Paket sprechen? 
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[12] {CodeDepends} static analysis AST visitor R ○ ○␣ ○␣ ○␣ ○␣ ○␣ ○␣ ○
[13] {codetools} static analysis AST visitor R ○ ○␣ ○␣ ○␣ ○␣ ○␣ ○␣ ○␣ ○
[14] {checkglobals} missing libs. AST visitor R, C ○ ○␣ ○␣ ○␣ ○␣ ○␣ ○␣ ○␣ ○␣
[15] {rstatic} static analysis AST visitor R ○ ○␣ ○ ○␣ ○
[16] {CodeAnalysis} static analysis AST visitor R ○ ○␣ ○␣ ○ ○␣ ○␣ ○␣ ○␣ ○␣ ○ ○␣ ○␣
[17] {RTypeInference} type inference AST visitor R ○ ○␣ ○ ○␣ ○ ○
[18] {pkgstats} package insight ctags & gtags R, C++ ○␣ ○␣ ○␣ ○␣
[19] {globals} distributed env. AST visitor R ○ ○␣ ○␣ ○␣ ○␣ ○␣ ○␣ ○
[20] {Rclean} debug/refactor PDG traversal R ○ ○␣ ○␣ ○␣ ○␣ ○␣ ○
[21] {lintr} linting XPath, visitor R ○ ○␣ ○␣ ○␣ ○␣ ○
[22] {SimilaR} plagiarism PDG, visitor R, C++ ○␣ ○␣ ○␣ ○
[23] {rco} optimization AST visitor R ○ ○ ○␣ ○
[24] {cyclocomp} code complexity AST visitor R ○␣ ○
[25] {flow} visualize, debug AST visitor R, C ○␣ ○ ○␣ ○␣ ○␣ ○␣
[26] {PaRe} code review Regex R ○␣ ○␣ ○␣
[27] {dfgraph} static analysis AST visitor R ○␣ ○␣ ○␣
[28] {rflowgraph} call graph AST visitor R ○␣ ○␣
[29] {languageserver} editor support XPath, visitor R, C ○ ○␣ ○␣ ○␣ ○
[30] RStudio editor support AST visitor Java, C++, TS, . . . ○ ○␣ ○␣ ○␣ ○
[31] ROSA optimization visitor C++, R ○ ○␣ ○␣ ○␣ ○ ○ ○␣
[32] Random abstract int. trace & visitor R ○␣ ○␣ ○␣ ○␣ ○␣ ○␣
[4] RaaS reproducibility AST visitor Python, R ○ ○␣ ○␣ ○␣ ○␣ ○␣ ○

[33] GNU R execute R bytecode C, Fortran, R ○ ○␣ ○ ○␣ ○␣ ○ ○␣ ○␣ ○
[34] FastR execute R AST visitor Java, C, R, . . . ○ ○␣ ○␣ ○␣ ○␣ ○
[35] Ř execute R SSA, bytecode C++, R, C, . . . ○ ○ ○ ○ ○␣ ○ ○␣ ○␣ ○ ○␣ ○
[36] renjin execute R SSA, CFG R, Java, C, . . . ○ ○␣ ○␣ ○ ○␣ ○␣ ○␣ ○ ○
[37] pqR execute R bytecode C, R, . . . ○ ○␣ ○ ○␣ ○␣ ○ ○␣ ○␣ ○
[38] MRO execute R bytecode R, C, Fortran, . . . ○ ○␣ ○␣ ○␣
[39] RCC transpile C CFG, bytecode C/C++, Fortran, R, . . . ○ ○ ○␣ ○␣ ○␣ ○␣ ○
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- No one focuses directly on research software 
- But mostly performance and reproducibility 
- Pakete fokussieren und nur Ã¼ber ein Paket sprechen? 

https://cran.r-project.org/package=CodeDepends
https://cran.r-project.org/package=codetools
https://cran.r-project.org/package=checkglobals
https://github.com/nick-ulle/rstatic
https://github.com/duncantl/CodeAnalysis
https://github.com/duncantl/RTypeInference
https://cran.r-project.org/package=pkgstats
https://ctags.io
https://www.gnu.org/software/global/
https://cran.r-project.org/package=globals
https://cran.r-project.org/package=rclean
https://cran.r-project.org/package=lintr
https://cran.r-project.org/package=SimilaR
https://cran.r-project.org/package=rco
https://cran.r-project.org/package=cyclocomp
https://cran.r-project.org/package=flow
https://cran.r-project.org/package=PaRe
https://github.com/dkary/dfgraph
https://github.com/IBM/rflowgraph
https://cran.r-project.org/package=languageserver
https://posit.co/
https://github.com/UWQuickstep/rosa/tree/master
https://www.sci.unich.it/~amato/random/
https://github.com/jwons/raas
https://cran.r-project.org/
https://github.com/oracle/fastr
https://github.com/reactorlabs/rir
https://www.renjin.org
https://github.com/radfordneal/pqR
https://github.com/microsoft/microsoft-r-open
https://github.com/johngarvin/rcc
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- To show borderline feasibility we performed performance benchmarks on the R scripts we evaluated earlier 
- Analyzing and measuring the time for every variable of interest 
- Just like the figure example from before 
- Around 800ms for analysing a dataflow graph which is the basis for the so-called "slicing" 
- The slicing time then is cheap, around 12ms 
- Note the logarithmic y axis for performance 
- We separate Dataflow and Slicing, because the dataflow analysis can be cached per file 
- For the reduction we compared the number of lines before and after: median of 92 percent 
- Backed by similar experiments in other languages 
- So, how do we achieve that? 
- **Next Slide** 
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- To show borderline feasibility we performed performance benchmarks on the R scripts we evaluated earlier 
- Analyzing and measuring the time for every variable of interest 
- Just like the figure example from before 
- Around 800ms for analysing a dataflow graph which is the basis for the so-called "slicing" 
- The slicing time then is cheap, around 12ms 
- Note the logarithmic y axis for performance 
- We separate Dataflow and Slicing, because the dataflow analysis can be cached per file 
- For the reduction we compared the number of lines before and after: median of 92 percent 
- Backed by similar experiments in other languages 
- So, how do we achieve that? 
- **Next Slide** 
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- To show borderline feasibility we performed performance benchmarks on the R scripts we evaluated earlier 
- Analyzing and measuring the time for every variable of interest 
- Just like the figure example from before 
- Around 800ms for analysing a dataflow graph which is the basis for the so-called "slicing" 
- The slicing time then is cheap, around 12ms 
- Note the logarithmic y axis for performance 
- We separate Dataflow and Slicing, because the dataflow analysis can be cached per file 
- For the reduction we compared the number of lines before and after: median of 92 percent 
- Backed by similar experiments in other languages 
- So, how do we achieve that? 
- **Next Slide** 
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- To show borderline feasibility we performed performance benchmarks on the R scripts we evaluated earlier 
- Analyzing and measuring the time for every variable of interest 
- Just like the figure example from before 
- Around 800ms for analysing a dataflow graph which is the basis for the so-called "slicing" 
- The slicing time then is cheap, around 12ms 
- Note the logarithmic y axis for performance 
- We separate Dataflow and Slicing, because the dataflow analysis can be cached per file 
- For the reduction we compared the number of lines before and after: median of 92 percent 
- Backed by similar experiments in other languages 
- So, how do we achieve that? 
- **Next Slide** 
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• Normalizing constants, namespacing, operators, . . .
• We use the “R language definition”[40] as a basis

[40] R Core Team, R Language Definition (2023)
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- IF links: R AST - rechts normalisiert 
- Muss Kinder nicht mehr betrachten 
- R Language Definition: 60 Seiten [Standard lange nicht complete] 
- Inkonsistenzen bei for-Schleifen, keine Details zu Zuweisungen 

https://cran.r-project.org/doc/manuals/r-release/R-lang.pdf
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- R Language Definition: 60 Seiten [Standard lange nicht complete] 
- Inkonsistenzen bei for-Schleifen, keine Details zu Zuweisungen 
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Dataflow

x 0 ← 21
y 0 ← 2
z 0 ← x 1 * y 1
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- Erst Code 
- Normalisierter AST 
- Vereinfachung fÃ¼r Ãœbersicht 
- Zuerst Environments **Top**, **Empty**, **Mit Parent** | **Current** 
- Wird nach unten durchgereicht (lexical) 
- Fold nach oben [Hylomorphism] 
- SSA: Static single-assignment form 
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- Erst Code 
- Normalisierter AST 
- Vereinfachung fÃ¼r Ãœbersicht 
- Zuerst Environments **Top**, **Empty**, **Mit Parent** | **Current** 
- Wird nach unten durchgereicht (lexical) 
- Fold nach oben [Hylomorphism] 
- SSA: Static single-assignment form 
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- Erst Code 
- Normalisierter AST 
- Vereinfachung fÃ¼r Ãœbersicht 
- Zuerst Environments **Top**, **Empty**, **Mit Parent** | **Current** 
- Wird nach unten durchgereicht (lexical) 
- Fold nach oben [Hylomorphism] 
- SSA: Static single-assignment form 
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- Erst Code 
- Normalisierter AST 
- Vereinfachung fÃ¼r Ãœbersicht 
- Zuerst Environments **Top**, **Empty**, **Mit Parent** | **Current** 
- Wird nach unten durchgereicht (lexical) 
- Fold nach oben [Hylomorphism] 
- SSA: Static single-assignment form 
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- Erst Code 
- Normalisierter AST 
- Vereinfachung fÃ¼r Ãœbersicht 
- Zuerst Environments **Top**, **Empty**, **Mit Parent** | **Current** 
- Wird nach unten durchgereicht (lexical) 
- Fold nach oben [Hylomorphism] 
- SSA: Static single-assignment form 
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protect �egingroup def MessageBreak {
               }let protect immediatewrite @unused {
LaTeX Warning: No author given.
}endgroup 
**1 Minute**


- Erst Code 
- Normalisierter AST 
- Vereinfachung fÃ¼r Ãœbersicht 
- Zuerst Environments **Top**, **Empty**, **Mit Parent** | **Current** 
- Wird nach unten durchgereicht (lexical) 
- Fold nach oben [Hylomorphism] 
- SSA: Static single-assignment form 
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Slicing, II

:RExpressionList:RExpressionList

:RAssignmentOp:RAssignmentOp
operator: ←

:RSymbol:RSymbol :RNumber:RNumber

:RAssignmentOp:RAssignmentOp
operator: ←

:RSymbol:RSymbol :RArithmeticBinaryOp:RArithmeticBinaryOp
operator: *

:RSymbol:RSymbol :RSymbol:RSymbol

:RIfThenElse:RIfThenElse

:RComparisonBinaryOp:RComparisonBinaryOp
operator: >

:RSymbol:RSymbol :RSymbol:RSymbol

:RExpressionList:RExpressionList

:RAssignmentOp:RAssignmentOp
operator: ←

:RSymbol:RSymbol :RNumber:RNumber

:RAssignmentOp:RAssignmentOp
operator: ←

:RSymbol:RSymbol :RArithmeticBinaryOp:RArithmeticBinaryOp
operator: +

:RSymbol:RSymbol :RSymbol:RSymbol

1

lhs rhs

2

lhs rhs

lhs rhs

3

cond

lhs rhs

then

1

lhs rhs

4

lhs rhs

lhs rhs

a ( a0) a ( a1)

a ( a2)

a ( a3)

b ( b0)

c ( c0)x (x0) m ( m0)
m ( m1)

3

3

5
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Slicing, II

{ }

←

a0 3

←

a1 *

x0 m0

if

>

m1 3

{ }

←

a2 5

←

b0 +

a3 c0

1

lhs rhs

2

lhs rhs

lhs rhs

3

cond

lhs rhs

then

1

lhs rhs

4

lhs rhs

lhs rhs

a

x m

x * m

a ← x * m

m

a

b

a c
m > 3

a ← 5

{ a ← 5 }

if(m > 3) { a ← 5 }

a + c

b ← a + c

a ← x * m
if(m > 3) { a ← 5 }
b ← a + c
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There Is More. . .
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protect �egingroup def MessageBreak {
               }let protect immediatewrite @unused {
LaTeX Warning: No author given.
}endgroup 
**1.5 Minutes**


- Funtkionsdefinitionen und Calls 



There Is More. . .

reads

callsdefined-by-on-call

defines-on-call

a0
b0

a1
b1

+
reads

reads

relates

relates

f0
defined-by

unnamed-arg

f1

argument

returns

f 0 ← function(a 0 , b 0 = 3) {
a 1 + b 1}

f 1 (39)
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protect �egingroup def MessageBreak {
               }let protect immediatewrite @unused {
LaTeX Warning: No author given.
}endgroup 
**1.5 Minutes**


- Funtkionsdefinitionen und Calls 



Definition-Retrieval

paste(
"(*|descendant-or-self :: exprlist/*)[self :: FUNCTION or self :: OP-LAMBDA]/

following-sibling :: SYMBOL_FORMALS[text() = ’{token_quote}’ and @line1 <= {
row}]",

"(*|descendant-or-self :: exprlist/*)[LEFT_ASSIGN[preceding-sibling :: expr[count
(*)=1]/SYMBOL[text() = ’{token_quote}’ and @line1 <= {row}] and following-
sibling :: expr[@start > {start} or @end < {end}]]]",

"(*|descendant-or-self :: exprlist/*)[RIGHT_ASSIGN[following-sibling :: expr[count
(*)=1]/SYMBOL[text() = ’{token_quote}’ and @line1 <= {row}] and preceding-
sibling :: expr[@start > {start} or @end < {end}]]]",

"(*|descendant-or-self :: exprlist/*)[EQ_ASSIGN[preceding-sibling :: expr[count(*)=
1]/SYMBOL[text() = ’{token_quote}’ and @line1 <= {row}] and following-
sibling :: expr[@start > {start} or @end < {end}]]]",

"forcond/SYMBOL[text() = ’{token_quote}’ and @line1 <= {row}]",
sep = "|")
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