Simulation of irrigated wheat yield using DSSAT model and AQMERRA
reanalysis data in Khorasan Razavi Province.

Introduction

Ensuring food security has significant importance to countries with arid and semiarid climates and
inadequate water for irrigation, like Iran which is quite vulnerable to climate change consequences.
Strategic decision-making is crucial for effective production of agricultural crops especially cereals.
Wheat is a strategic crop for achieving food security in Iran which is cultivated both rain-fed and
irrigated.Crop models are mathematical expressions of the plant growth and development under
different environmental and management conditions. These models’ performance and accuracy rely
on high-quality and long-term input data especially observed or generated climatic databases. The
aim of this study is to simulate the yield of irrigated wheat in seven cities of Razavi Khorasan province
using DSSAT crop model and AQMERRA reanalysis data.

Materials and Methods

In this study, required daily weather data of seven stations located across Khrosan Razavi province
namely Mashhad, Neishabour, Gonabad, Torbet-Haidaryeh, Torbet-Jam, Sabzevar, and Kashmer for
the period of 1980-2010 were collected and used. The observed daily data included rainfall, maximum
and minimum temperatures, wind speed, and sunshine hours. Corresponding period AQMERRA
reanalysis data were also retrieved from the database to be used as an alternative input. AQMERRA
is a global gridded daily weather dataset that was originally generated using NASA’s MERRA model
(the National Aeronautics and Space Administration, Modern-Era Retrospective Analysis for
Research and Applications). The AQMERRA global gridded climate dataset (0.25x0.25) has a
horizontal resolution of approximately 25 km. It provides daily, high-resolution, and continuous
meteorological datasets for the period 1980-2010. It is proven to be useful for agricultural and
meteorological studies. Annual irrigated wheat yield data, soil information (including texture, depth,
nitrogen content, and moisture), and management data i.e. variety, planting date, planting depth, and
row spacing were obtained from agricultural stations across the province. The Crop Simulation Model
(CERES-wheat module) of the DSSAT version 4.6 was used to simulate irrigated wheat yield.
DSSAT (Decision Support System for Agrotechnology Transfer) is a package of several dynamic
simulation models for over 42 crops that has been tested and applied for more than 30 years in more
than174 countries with acceptable results. The reported genetic coefficients for selected wheat variety
from previous studies in the region were used. The statistical indices, including the coefficient of
determination (R2), root mean square error (RMSE) and normalized root mean square error
(NRMSE) were used for comparisons and evaluation of the model performance for both runs using
observed and reanalysis weather data.

Results and Discussion

The comparison between observed and reanalysis AQMERRA climate data in all seven study stations
revealed a good agreement with correlation coefficient ranging from 0.67 to 0.92 and highest
correlation was observed in air temperature time series.Besides, the error indies range for AQMERRA
dataset determined as MAE from 3.87 to 4.11 and RMSE from 4.93 to 7.76. The model was run for
simulation of Pishtaz variety yield, which has already been calibrated and evaluated in Khorasan
Razavi province, using observed and AgQMERRA climatic data. According to NRMSE, RMSE, and
R2 statistical indices application of observed climatic data for simulation of the selected wheat yield



is more accurate with R2 between 0.63-0.72 in study stations compared to AgMERRA data
application with R2 ranging from 0.50 to 0.67

Conclusion

According to statistical metrics, the use of observed data comparing to AQMERRA reanalysis
provided better estimations of irrigated wheat in all study stations. Although the AQMERRA may
also be used as a suitable alternate data with acceptable accuracy. Therefore, the climate datasets can
be recommended as an input of crop models in regions with limited or non-reliable climate data.
Further studies using another climate datasets and other crops is required for more scrutiny.
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Figure 1- The distribution of study stations in Khorasan Razavi Province.
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Table 1 - Information used in the research along with the source of its receipt
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Table 2- Genetic coefficients of Pishtaz irrigated wheat in Khorasan Razavi province
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Table 3 - General Information Related to Pishtaz Variety
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5- Area of standard reproductive phase leaf

6- Increase in potential area of leaves,vegetative phase (fr/leaf)

7- Specific leaf area,standard (cm2/g)

8- Final leaf senescence starts (GrowhStage)
9- Final leaf senescence ends (GrowhStage)
10 - Tiller production starts (leaf #)

L. Tillering phase end stage (GrowthStage)

12_ Tiller initiation (rate) factor (fr of phyllochron based)

13- Tiller death factor (%/st.day when tiller wt 2xstandard wt)
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Figure 2 - The trend of changes in the actual yield of irrigated wheat in the seven studied cities during the period from 1994
to 2022.
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Table 5 - Results of error evaluation metrics comparing observational data and AGMERRA in simulating irrigated wheat
performance using the DSSAT-CSM-CERES-WEATH model.

sosls NRMSE slosls RMSE R? NRMSE  (laoslsRMSE oslsR?
ol 8y 5 Sl Sy 5 Sl ’ L?'“’u‘f laosh 5 d“‘"’f" 5 AGMERRA 5 AGMERRA
Station Sly AGMERRA 3l sl ol
sbis 8.27 372 0.68 9.32 561 0.64
Gonabad
Jgseus 8.2 421 0.67 9.21 627 0.54
Sabzevar
Sgo 0.87 563 0.72 10.12 836 0.51
Mashhad
o 6.53 351 0.72 10.11 924 0.67
Torbat E

Heidariyeh



plocyys 7.71 498
Torbat E Jam
s 9.8 321
Neyshabor
oS 10.12 804
Kashmar

0.67

0.72

0.63

11.12 760
10.1 639
11.89 987

0.59

0.46

0.56

Sy @ylig 3l 8l (S8l slaodly LS ;0 AQMERRA  (slacsly o Slialiv (slaodly jl oalaiwl b  Sluwloee 3 Sdas Iog05 ol ogMe

Ol pasd Bgy (glyld 030> degasms dw b (Sloj (4w (w050 o] Cin y2 13 dgus o odaliie &S Habo ylan (Y JSS) Ay 3 (5ol

w0y degazme 93 oyl il aS WS 1y ol 5 Slas | Ll pesd Slatuily oo AGMERRA 5 Jlaalie 030> 09,5 93y 5 cawl Sl

9 4oy ol o ol ) a8 aiS (Gilwans |y ol paiS 3 Slee wlauily o AGMERRA  (slaodls 4 cons  Slhinlie (claosly

s Lo (gilwdnd pulS Q)Sle.c &folgw Egome)d Lol . ob)f &l pAS Q)Sla.c 51 oo Suns| sl & Cond (6 Feuwlio 3)91)’. )|9},.,..;

b bl S5 ably 5 Slas slrodly 4 ad (g859, sl AGMERRA 5 jlaalis o3l degemmo 5

plr Sy VPRSI
6000 7 —— _a815 3 Slec amme AGMERRA alie [5000 1 L3150 Slee e AGMERRA Slalia
%iooo 1 000 -
24000 /> = <) \
2g V\‘ /J,\//\ %9@ - M F\\
2% / |is o N
gz&o 1 4=
~1000 - 1000 -

O T T T T T T T T T T T T T T T T T T T 1 O T T T T T T T T T T T T T T T T T T T 1
AR B A NS B N I CI B N D N DD DO QD
PSSP OLL S S

PR G DA P SRR HIC IR S MR

Year Year
4000 - .
’o*ﬁs_ 8l emmmSeries? Hlaalia R
T iy — Haalie
3000 - LD AgMERRA I
Vo)
%«z;goo - N 00 1
9. @ o >
dagbo - \Y \/\/ CANAYA
41800 - EN=gl AN
4 2%
<1000 - g > \
500 - 3000 -
0 T T T T T T T T T T T T T T T T T T T 1 0 T T T T T T T T T T T T T T T T T T T 1
N O DN O DO QD N O D DD 6 A& O
A P P S S SRS A & S S O L LSS
PP PP P TS CRRCHICHC AN G M
Year Year




—— 28 § e ASMERRA Jaalia | 4000 1 SLLS . .
5000 1 Mgl e g - i A8l Sefies2 Sl
%\4000 . / /\ OQ_Q 1 !5 V
== 2 <
236H0 - A \\A ‘ 080 -
2% /d\vp\{/ v o T,
%0 3 2
g = %060 -
~1000 -
O O T T T T T T T T T T T T T T T T T 1
T T T T T T T T T T T T T T T T T T T N ,b c) q \ ’b (9 /\ q
P F F S S LSS
$ F P P ST E PO CRECUICIRCUIC IR BN OURN
SRS T S U S Sl Year
5000 -~
oL B P SRR
%4000 | s AgMERRA &
5390 - //\ ,\ /(7\_ /\\
2800 -
=
—1000 -
0 T T T T T T T T T T T T T T T T T T T 1
1991 1993 1995 1997 1999 2001 2003 2005 2007 2009
Year

Ol ypod S 43 2Blg 3,Sdos g DSSAT Jiw (63959 ol AGMERRA g Slaalin (gWodld 51 okl U Gluwlws 3,Shas lag0 -V IS

S R ST L

Figure 3 - Chart of computational performance using observation and AQMERRA data as input to the DSSAT model and

actual performance in the seven investigated cities.
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