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Extended Abstract

Introduction

Global warming has accelerated since the industrial
revolution, but due to human activities and
environmental degradation, this phenomenon has
received increased attention in recent years. Future
trends in global warming are expected to be influenced
by scenarios projecting continued increases in
greenhouse gas emission, particularly carbon dioxide.
These scenarios predict varying levels of carbon dioxide
production worldwide, which in turn affect climate
factors, crop growth, and yield. Changes in climate can
significantly impact  agricultural production
environments. To assess and predict the extent of these
impacts on crop growth and yield, crop simulation
models are essential tools. Among these, the AquaCrop
model is widely used due to its user-friendliness, high
accuracy and reliability. This model is capable of
simulating variouse field conditions and is applicable to
a wide range of agricultural crops, including corn,
canola, wheat, saffron, and quinoa.. Sugar beet is
considered a strategic crop in Iran, with its yield highly
dependent on irrigation water and fertilizer application.

Materials and Methods

All data were collected from a research field located at
the Faizabad research station in Qazvin, Iran, over three
agricultural years. The experimental factors included
irrigation management at four intervals (11: 6, 12: 9, 13:
12, and 14: 15 days) and fertilizer application at three
levels (FO: 21, F1: 30, and F2: 39 kh ha-1). The LARS-
WG model was used to simulate meteorological data for
Qazvin under two climate change scenarios: an
optimistic scenario (SSP2-4.5) and a pessimistic

scenario (SSP5-8.5). These simulations were performed
using two atmospheric general circulation models,
GFDL-ESM4 (G model) and MRI_ESM2-0 (M model),
across two future periods: 2026-2045 (near-future) and
2046-2099 (-uture). The AquaCrop model was then used
to simulate sugar beet yield and water productivity
based on these climate projections. Some statistical
criteria were applied to evaluate the performance and
accuracy of both the LARS-WG and AquaCrop models..

Results and Discussion

During the calibration stage, the RMSE statistics for the
AquaCrop model showed a yield prediction error of
3511 kg ha-1, placing its accuracy in the excellent
category (NRMSE<0.1). For water productivity, the
model’s error was 1.2 kg m-3, with accuracy evaluated
as good (0.1<NRMSE<0.2). In the validation stage, the
AquaCrop model showed some errors and
underestimations in simulating yield and water
productivity, as indicated by the mean bias error (MBE)
exceeding acceptable thresholds. The RMSE for yield
during validation was 2797 kg ha-1. The LARS-WG
model was evaluated using observed and simulated
climate data for the baseline period (1950-2014). While
slight  underestimation  of  temperature  and
overestimation of some parameters were observed, the
RMSE values were small enough to be considered
negligible. The NRMSE values for all three variables
studied were below 0.1, indicating high model accuracy.
Furthermore, the efficiency coefficient (EF) and the
index of agreement (d) were both greater than 0.8,
demonstrating strong model performance. The
coefficient of determination (R?) exceeded 0.9,
indicating that the LARS-WG model explained over
90% of the variance in the observed data. Comparing
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rainfall between models, the baseline rainfall predicted
by model G was lower than that of model M. Future
projections revealed that under the optimistic scenario,
rainfall is expected to increase compared with the
current conditions, while the pessimistic scenario
predicts a slight decrease. Minimum temperature
changes were less consistent; the pessimistic scenario
showed minimal increases, whereas the optimistic
scenario exhibited more variability. Model M predicted
the lowest minimum temperature, while model G
predicted an increase. These climatic changes imply an
increase in evapotranspiration, which, along with effects
on crop growth duration, can alter the length of growing
period. Since increases in evapotranspiration surpass
increases in minimum temperature, the overall length of
the growing period is expected to decrease. Rainfall is
projected to increase by approximately 6 mm in the
near-future and 8 mm in the far-future.
Correspondingly, the sugar beet growing period (time
from planting to harvest) is predicted to shorten
comapred with the baseline period. The average growth
period was 160 days during the baseline period,
decreasing to 154 days in the near-future and 153 days
in the far-future. Simulations using models G and M for
the near future under optimistic and pessimistic
scenarios yielded growth periods of 156 and 152 days,
respectively. For the far future, these values were 155
and 150 days, respectively. These findings indicate that,
under climate change, the growth and development
phases of many crops will shorten, with the magnitude
depending on crop type and climatic severity. Yield
changes under water and fertilizer stress mirrored
observed treatments, suggesting similar trends will
continue in coming decades. In model G, the average
sugar beet yield for the near future under optimistic and
pessimistic scenarios were 40746 and 38046 kg.m-3,
respectively representing decreases of 40 and 44%
compared with current conditions. Furthermore, yield
reductions are projected to be more severe in the far-
future than in the near-future.
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Conclusion

Based on climate change scenarios and growth
simulations using the Aquacrop model, the results
showed a yield gap of approximately 40 and 70%
between potential and actual sugar beet yield. To
address this issue, it is recommended to increase the
planting density compared with current practices. By
reducing the difference between potential and actual
evapotranspiration, this strategy may help narrow the
yield gap and improve overall productivity under
changing climatic conditions.

Keywords: Climate change, Fertilizer stress, Sugar
beet, Water stress.
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Table. 2 Models used to simulation and forecasting of threshold temperatures in this study

B e S5 <y

Joe - esye £ 5 Approximate spatial
Model Abbreviation Institute Country PP €sp
resolution
) Geophysical Fluid
GFDL G Dynamics USA 1.25*1.00
ESM4
Laboratory
MRI_ESM2- Meteorological -
0 M Research Institute Japan 1.25%1.25
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Jloy tlasye (pSho yin (RMSE) Uas Slayye 0Sle
Jdo o8 (MBE) o)l slbas ,Ske (NRMSE) 0a_i
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Table. 3 Plant parameter values used in the AquaCrop model

e ol e oy
Parameter Unit Value Description
“iLl LSL"J bl)fw"L" ) 5.00 u@)ﬁu"ﬂe
Base temperature Celsius ' Default
YL{ LSL‘A bl)i:bL" ) 30.0 u’)ﬁui“i
Upper temperature Celsius ' Default
cuiS oSl JiSa 55 ol 95000 & pSojlul
Plant density Plant/ha Measured
L.??’ls by o g J9y Mo 13.6 L.)D)BL)‘"‘J
Canopy growth %J/day ' Default
Sialer plEin aalS o alS by &ye Yo Sl 500 oP AUk
Canopy size cm? ' Default
Sy b ells Glojose 395 6.00 )
Day after sowing to emergence day ' Calibrated
el by il U cidlS lojese 59 700 Pl
Day after sowing to max canopy day ' Calibrated
Sy 0390 b cudls flojose 59 113 Pl
Day after sowing to senescence day Calibrated
Jgaze iy b el lojcie 395 145 Pl
Day after sowing to maturity day Calibrated
) 7 Sos 5 1.40 o
Effective root depth m Calibrated
o Jloy ol (55900 &rre ppsS 165 el
Normalized water productivity gr/m? ' Calibrated
T 2l s oy 0.10 s
Initial crop canopy % Calibrated
] Pl AD) dde Joyd 98.0 u??w\j
Maximum canopy growth % Calibrated
ohfmydl))gfbuid.lmbu).o\fbb B 0.20 u‘z"““"?
Upper limit for canopy expansion ' Calibrated
ols 4"‘"9’ fﬁl)‘.‘ <l adss o o u“l’ “\> _ 0.65 u""“"‘?
lower limit for canopy expansion Calibrated
Dl M) G pS o 395 ey 13.0 L;_’.‘i“"a
Canopy growth coefficient %I/day Calibrated
Canopy decline coefficient %/day Calibrated
&% dl)'f L;a’l“f oyl )"S‘A> J9y o) 1.10 u'?";"“‘b
Maximum crop transpiration coefficient %/day ' Calibrated
loify) (o0t S (ol GBS apd sl JSB oyl _ 0.50 ey
Shape factor for stomatal closure ' Calibrated
Gy Al yo (sl ol G s gl SIS oy _ 0.70 oly
Shape factor for early canopy senescence ' Calibrated
Tondy A Rl s 2o 50.0 ey
Reduction of canopy expansion % Calibrated
Ty S oy 24.0 2els
Maximum canopy cover % Calibrated
*L):“a’lg lﬁ“’?"“ Gy J9y o) 0.30 u""""““?
Average decline canopy cover %/day Calibrated
Ford Jey Sl 69000 ol 2o )> s Ao)d 20.0 ly
Water productivity reduction % ) Calibrated

D0 ey o oS g it ) (6365 i plis ) edlinl b L el ol *

* These parameters were calibrated using fertilizer stress values in the highest and lowest condition.
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Table. 4 Statistical results of observed and simulated yield and water productivity during calibration and
validation stages

Sebl >y

R? ] EF NRMSE RMSE  MBE
Parameter Stage
3, Sles
Yield (kg/ha) s 0.99 0.99 0.83 0.07 3511 2145
9050 Calibration ] ]
Water Productivity (kg/m®) 0.57 0.99 0.24 0.18 121 117
3,Sles
Yield (kg/ha) o 088 0.99 0.82 0.04 2797 1469
<l Validation 0.85 0.99 0.76 0.04 0.42 026

Water Productivity (kg/m®)
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Fig. 1 Correlation between observed and simulated yield and water productivity during calibration and validation
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Table. 5 Evaluation of the LARS-WG model during the baseline period (1950-2014) using statistics criteria

S¥L Jils gles Sl sled
ol sl pasls Rainfall mm/month Minimurr;ot(ej;nperature Maximurr(lo'gmperature
S;ﬁtt';:gs MRI- GFDL- MRI- GFDL- MRI- GFDL-
ESM2-0 ESM4 ESM2-0 ESM4 ESM2-0 ESM4
M) G) (M) G) M) G)
MBE 0.42 0.30 -0.02 -0.01 -0.04 -0.03
RMSE 7.91 5.41 0.41 0.33 0.61 0.37
NRMSE 0.06 0.04 0.08 0.07 0.07 0.06
EF 0.70 0.75 0.82 0.83 0.80 0.89
D 0.95 0.97 0.98 0.99 0.98 0.99
R2 0.92 0.94 0.95 0.96 0.94 0.97
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Table. 6 Average rainfall, minimum and maximum temperature during the study periods

GFDL- MRI- GFDL- MRI-
Sl lej oy ESM4 ESM2-0 ESM4 ESM2-0
Parameter Time period) (G) (M) (G) (M)
SSP5-8.5 SSP2-4.5
baseline period
St (1950-2014) 37.4 40.1 37.4 40.1
Rainfall 2026-2045 347 42.6 43.8 40.6
mm/month
2046-2099 37.2 39.3 38.9 41.0
baseline period
ten’}" L“r'aTI;Jr? c 2026-2045 5.00 7.00 6.70 4.60
P 2046-2099 6.50 9.10 7.50 5.10
baseline period
ten'\l"iﬂlrgl‘fe“ c 2026-2045 17.3 18.7 18.4 16.2
P 2046-2099 19.4 21.6 19.4 19.9

b il sl malS 5o, VOV au 60 oab] ;5 9 VOF w
S35 0a] 0)93 P M 5 G (sla Joe Loy oas g jlduis
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S e pd ol G wd 4 jg) VOV VOF w5 4 (8.5
2595 0l 0y93 9 M 5 G (glaJao Lawsgs o g5l
SSP5-) wilinty L 5 (SSP2-4.5) Lauly 1> (slngy i
Slans ol el G da 59, Y0+ 5 VOO iy 41 (8.5
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S35 0] )0 45 39 59y M+ b 093 yd Ay 0,93 bawgie
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Table. 7 Crop growth duration in the baseline, near- and far-future periods

(WAY-AYYA) 4l 0,95

" Baseline period

(VEYP=IF oY) o5 o]

Near-future (2026-

(VFEAYEYY) 595 o]

Far-future (2046-

Model (1950-2014) 2045)33P2- 2099) —
- SSP5-8.5 45 SSP5-8.5 45
GFDL-
ESMA4 (G) 160 156 156 155 155
MRI-ESM2-
0 (M) 160 152 152 150 150
Average 160 154 154 153 153

S 15 ey oLis (Cicer .arietinum) s956 Ol Gy ae
oeals o) W LY. Lo Liliel Sl s ol a5y 0)90
bls)l > (ycxen (Soltani and Gholipoor 2006) b .»
o8 ol 0 G515 ! 59t il s 5L L
Gl dB)hise Ay Jad IS Job )3 bed (5650ke (i3Sl
ol Sy U el 0y90 Jobo 30 3oy VO Jolee il
.(Koocheki and Nasiri mahalati 2016) >4 0 oLS
Sloj sWoye 5 g daly (Sloj 0)93 13 (3)%5— ps (ke

.wl 04 43])‘ (A) Js.).? ) )9.) 9 k_ié.))) b.,\.:.:i

P919> PS5 3 waldl s 1 QL)) A > uios 5
VYA (s bl 095 ;> (Triticum turgidum var. durum)
A odly L Wk (658 e 9 (Jloud (2lsi o 60V VFFR
Lhomme et al. ) Ll o Lials puiS iy ad > Jobo oS
o basly B cod a8 ad edmlie 505 s )3 (2009
Jsb crizen 9 (22T 3 000 Jsb sl ) ol
28153 oaldl yuis b oS ) Sofelgn i (Sdew 0590
Moradi et al. ) caly salgs ials eolituwl 5y90 (sladsy ;5

3, 80es i)y weldl s 1L alally )3 gy 5> (2014

593 03] g (VEYY=VF+¥) (055 o] (claoygd 5 (WWAY=VYYA) b 093 )3 A jsii Ay 093 Jobo )3 5y pess bawgio A Joua
(VEYY-\F5A)

Table. 8 Average evapotranspiration during the sugar beet growing season in the baseline period (1950-
2014) near future (2026-2045) and far future (2046-2099)

sun elolas By e bagie
e SR (mm) (Y- Y5-YF8) S5 ol > (MM) Gy e bagin 3= s Lamwgia (MM) g3 012 > (2099-2046)
el (VAB-=Y + VF) b 0,5
Average Average evapotranspiration (mm) in the Average evapotranspiration (mm) in the far
evapotranspiration near future (2026-2045) future (2046-2099)
Treatments (mm) in the Treatments GFDL-ESM4 (G)  MRI-ESM2-0 (M)  GFDL-ESM4 (G)
baff"\';”ipf\[')c’d SSP2-  SSP5-  SSP2-  SSP5-  SSP2-  SSP5-  SSP2-  SSP-
4.5 8.5 4.5 8.5 4.5 8.5 4.5 8.5
F1l1 1062 1060 1055 1060 1059 1060 1054 1055 1059
F112 1036 1035 1035 1034 1031 1035 1032 1037 1034
F1I3 1001 998 995 999 997 1001 993 998 999
F1l14 947 945 944 946 943 994 945 951 945
F211 1062 1060 1055 1060 1059 1060 1054 1055 1059
F212 1036 1035 1035 1034 1031 1035 1032 1037 1034
F213 1001 998 995 999 997 1001 993 998 999
F214 947 945 944 946 943 994 945 951 945
F3i1 1062 1060 1055 1060 1059 1060 1054 1055 1059
F312 1036 1035 1035 1034 1031 1035 1032 1037 1034
F3I3 1001 998 995 999 997 1001 993 998 999
F314 947 945 944 946 943 994 945 951 945
ke 10115 1009.5 1007.4 1009.7 1007.5 1010.0 1006.0 1010.2 1009.2
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