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ABSTRACT

Introduction: An essential part of agricultural plans for maintaining and developing
performance at the regional scale is the timely and accurate estimation and
prediction of crop yield prior to harvesting using crop growth models. Modeling
dynamic changes during crop growth helps researchers to plan crop management
strategies to improve its yield. These models contain several parameters that should
be calibrated according to the characteristics of the study area. Lack of
spatial/geographic components in these models and parameter uncertainties lead to
errors in the estimated outputs. Remote sensing data assimilation can be useful for
solving this problem and evaluating the spatial variability in the lands, especially at
the regional scale. Remote sensing can estimate the values of input variables of crop
growth models such as the Leaf Area Index (LAI), canopy cover, biomass, and soil
characteristics.

Materials and Methods: To achieve accurate crop yield, it is possible to use crop
growth models. To this end, the AquaCrop model parameters were estimated and
the model was calibrated with measuring and sampling different requied
information of model in the crop growing stages and prior to cultivation over
agricultural silage maize fields at the regional scale. To calibrate the Aquacrop
simulation model through assimilation of remote sensing (RS) data, fCover
biophysical variable was extracted from pixel-based RS data by developing GPR-
PSO algorithm. Besides, to simplify the Aquacrop model, and to identify more
sensitive parameters, the combined sensitivity analysis Morris and EFAST
algorithms were employed. Finally, by assimilating the biophysical variable
extracted by RS into the Aquacrop model, these more effective parameters were
estimated through the forcing method, and compared the results with the results of
no application of RS data. In order to calibrate the Aquacrop model, field
sampling of soil (before planting) and crop during the growing season of silage
maize, digital hemispherical photography (DHP) as well as measurement by
destructive method for comparison, was performed in the fields of Qhale-Nou
county located in the south of Tehran, in the summer of 2019.

Results and Discussion: The results of assimilation of RS data in Aquacrop model
compared to no application of RS data in this model showed that considering data
assimilation of RS data leads to the increase in model calibration accuracy. As the
results suggest, the output yield for the model with data assimilation was estimated
with R values of 0.89 and 0.88 for calibration and evaluation, respectively. The
superiority of RS data assimilation into the model as opposed to not its
incorporating was also verified by improving the accuracy with increases in R
values by 0.14 and 0.15 and decrese in Relative RMSE (RRMSE) values of 4.12
and 5.17 percent and RMSE of 2.5 and 2.4 ton/ha for calibration and evaluation,
respectively. So, compared to RS data assimilation and without assimilation is
associated with improving the model calibration process with RS data assimilation.

Conclusion: The present study employed estimated fCover values obtained via RS
data as observed state variables fed as input to the AquaCrop model for means of
estimating the most effective parameters identified (via sensitivity analysis). The
findings of this procedure indicate that RS data assimilation as a forcing method for
model parameters estimating can increase the overall accuracy of the model.
Moreover, the correlation between simulated and observed values was higher for the
case of RS data assimilation as opposed to not incorporating such data. As these
results suggest, RS data assimilation into the AquaCrop model can prove more
successful and attain higher accuracies as opposed to not incorporating such data.
Furthermore, this process of data assimilation can be used for estimating biophysical
variables and calibrating crop growth models at the regional scale, with less time
complexity and lower costs and more updated information.

Keywords: AquaCrop, Crop growth simulation model, Forcing method, fCover,
Remote sensing.
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Name of
p ara}meter " Min Max Unit Description Reference
input
variable
— <
hipsflo 0 0 % Possible increase (@) of HI due to water Raes et al., (2016), Aquacrop manual chapt. 2
stress before flowering & Annex [
rew 7 9 mm Readily evaporable water from top layer Raes et al., (2016), Aquacrop manual chapt. 2
(mm) & Annex [
sen 06 0.78 fraction Soil water depletion factor for canopy Raes et al., (2016), Aquacrop manual chapt. 2
p : : TAW senescence: upper threshold (fraction TAW) & Annex I/vanuytrecht et al., (2014)
. : o
hine 10 20 % Allowable maximum increase (%) of Raes et al., (2016), Aquacrop manual chapt. 2
specified HI & Annex [
anaer 0 10 % Anaefoblc point below saturation limiting Vanuytrecht et al. (2014)
aeration (vol %)
Base temperature below which crop Raes et al. (2016), Aquacrop manual chapt. 2
To_crop 7 9 °C development stops (°C) & Annex I, Ahmadi et al. (2015)/ hsiao et al.
(2009)/ hassanli et al. (2016)
fraction ~ CDC for GGD: decrease in canopy cover (in Raes et al. (2016), Aquacrop manual chapt. 2
cdedged 0/006 0/0113 fraction per GDD) & Annex I, vanuytrecht et al. (2014)
fraction ~ CGC for GGD: increase in canopy cover (in Raes et al. (2016), Aquacrop manual chapt. 2
cgedged 0/006 0/0113 GDD fraction soil cover per GDD) & Annex [
CN (Curve Number) Raes et al. (2016), Aquacrop manual chapt. 2
cn 46 61 -
& Annex [
hinasto 5 4 ) Coefficient describing negative impact on HI  Raes et al. (2016), Aquacrop manual chapt. 2
& of stomatal closure during yield formation & Annex [
Coeftficient describing positive impact on HI Raes et al. (2016), Aquacrop manual chapt. 2
hipsveg 4/7 9/3 - of restricted vegetative growth during yield & Annex [
formation
ke 1 U1 ) Crop coefficient when canopy is complete Raes et al. (2016), Aquacrop manual chapt. 2
but prior to senescence & Annex I, vanuytrecht et al. (2014)
Crop performance under elevated Raes et al. (2016), Aquacrop manual chapt. 2
0,
G 40 60 & atmospheric CO, concentration (%) & Annex [
dos 163 203 IDAY day of sowing (Julian Day) experimenal results
. - o
kedel o1 05 o ! Decline of crop coefﬁglent (/u/day)‘ asa Vanuytrecht et al. (2014)
result of senescence, nitrogen deficiency, etc.
evarde 30 70 ) Effect of canopy cover in reducing soil Vanuytrecht et al. (2014)
evaporation in late season stage
Electrical Conductivity of soil saturation Raes et al. (2016), Aquacrop manual chapt. 2
ecss 7/5 12/5 dSm extract at which crop can no longer grow & Annex I
(dS/m)
Electrical Conductivity of soil saturation Raes et al. (2016), Aquacrop manual chapt. 2
ecsss 1/5 2/5 dS m’ extract at which crop starts to be affected by & Annex [
soil salinity (dS/m)
Evaporation decline factor for stage II Raes et al. (2016), Aquacrop manual chapt. 2
fk 2 6
& Annex [
. N
exc 34 66 % Excess of potential fruits (%) Raes et al. (2016), Aquacrop manual chapt. 2

& Annex [
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Name of
para.meter " Min Max Unit Description Reference
input
variable
flo 1047 1289 GDD GDD from sowing to flowering experiment results
root 1075 1305 GDD (?;])331 from sowing to maximum rooting experiment results
sen 1748 2004 GDD GDD from sowing to start senescence experiment results
eme 7 116 GDD t(;rgr\:::rlzelzzegree Days (GDD) from sowing experiment results
mat 1732 2095 GDD Length of the crop cycle (GDD) experiment results
flolen 168 325 GDD Length of the flowering stage (GDD) experiment results
olmx 35 45 oC Maximum air temperature above which Raes et al. (2016), Aquacrop manual chapt. 2
p pollination starts to fail (°C) & Annex I, Vanuytrecht et al. (2014)
cox o7 0/99 " z[)z‘i,z;mum canopy cover in fraction soil experiment results
rix 13 28 m Maximum effective rooting depth (m) Raes et al. (2016), Aquacrop manual chapt. 2
& Annex [
m’ m? Maximum root water extraction (m’ Raes et al. (2016), Aquacrop manual chapt. 2
TR 0/035 0/055 soil d! water/m’soil. day) in top quarter of root zone & Annex I
o m? Maximum root water extraction Raes et al. (2016), Aquacrop manual chapt. 2
rtexlw 0/008 0/014 soil d! (m3water/m3soil.day) in bottom quarter of & Annex [
root zone
olmn 3 12 oC Minimum air temperature below which Raes et al. (2016), Aquacrop manual chapt. 2
p pollination starts to fail (°C) & Annex I, Vanuytrecht et al. (2014)
rtmin 02 0/4 m Minimum effective rooting depth (m) Raes et al. (2016), Aquacrop manual chapt. 2
& Annex I
stbio 1 3 GDD Mm]ml{m GDD required for full biomass Raes et al. (2016), Aquacrop manual chapt. 2
production & Annex [
den 1(())(2)/0 125/000 0 ha-l Number of plants per hectare experiment results
. Period of Harvest Index build up during experiment results
i 333 931 GDD yield formation starting at flowering (GDD)
hi 50 54 % Reference Harvest Index (HIy) (%) experiment results
Ksat 500 1200 mm d! Saturated hydraulic conductivity experiment results
P 8/50 17/50 ) Shape factor describing root zone expansion Raes et al. (2016), Aquacrop manual chapt. 2
& Annex [
s 18 3/6 ) Shape factor for water stress inducing early Raes et al. (2016), Aquacrop manual chapt. 2
senescence & Annex [
e 19 3/9 ) Shape factor for water stress limiting canopy ~ Raes et al. (2016), Aquacrop manual chapt. 2
expansion & Annex I
stosh 4 8 R Shape factor for water stress limiting Raes et al. (2016), Aquacrop manual chapt. 2
p P stomatal conductance & Annex I
Soil evaporation coefficient for fully wet and ~ Raes et al. (2016), Aquacrop manual chapt. 2
Kex 1 12 - .
non-shaded soil surface & Annex I
Ssf 0 50 Soil fertility/salinity stress coefficient (%) expert knowledge
cos 45 8/5 om? Soil surface covered by an individual Raes et al. (2016), Aquacrop manual chapt. 2
seedling at 90 % emergence & Annex I, Vanuytrecht et al. (2014)
fo 18/9 39/7 % Soil Water Content at Field Capacity expert knowledge
pwp 8/19 16/95 % Soil Water content at Wilting Point expert knowledge
oxlw 0/6 0/84 fraction  Soil water depletion factor for canopy Raes et al. (2016), Aquacrop manual chapt. 2
p TAW expansion: lower threshold (fraction TAW) & Annex [
fraction Soil water depletion factor for canopy Raes et al. (2016), Aquacrop manual chapt. 2
pexup 0/09 0/19 TAW expansion: upper threshold, fraction of total & Annex I
available water (TAW)
ol o7 0/9 fraction  Soil water depletion factor for pollination (p Raes et al. (2016), Aquacrop manual chapt. 2
pp TAW - pol): upper threshold (fraction TAW) & Annex I, Vanuytrecht et al. (2014)
sto 0/55 0/83 fraction  Soil water depletion fraction for stomatal Raes et al. (2016), Aquacrop manual chapt. 2
p TAW control: upper threshold (fraction TAW) & Annex I, Vanuytrecht et al. (2014)
Upper temperature above which crop Raes et al. (2016), Aquacrop manual chapt. 2
Tmax _crop 30 30 °C development stops (°C) & Annex I, Ahmadi et al. (2015); hsiao et al.
(2009); hassanli et al. (2016)
2 Water productivity normalized for ETo and Raes et al. (2016), Aquacrop manual chapt. 2
wp 32/4 35 gm CO, (g/m?) & Annex I
Water Productivity normalized for ETo and Raes et al. (2016), Aquacrop manual chapt. 2
0,
LI » 125 % CO, during yield formation (as % of wp) & Annex I
th 0/6 0/6 m Soil thickness of sampling experiment results
wcC 18/9 39/7 Water content experiment results
Rl @l 51 70 day Bulldn}g up of Harvest Index starting at experiment results
flowering (days)
Crop determinancy linked with flowering Raes et al. (2016), Aquacrop manual chapt. 2
cdlf 1 1 -
& Annex [
Canopy growth coefficient (CGC): Increase Raes et al. (2016), Aquacrop manual chapt. 2
cgc 0/11 0/142 ) . .
in canopy cover (fraction soil cover per day) & Annex [
ode 0/06 016 Canopy decline coefficient (CDC): Decrease ~ Raes et al. (2016), Aquacrop manual chapt. 2

in canopy cover (in fraction per day)

& Annex [
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