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Simulation of Rainfed Wheat Yield Using
Drought Indices by Employing Artificial
Neural Network, Random Forest and Support
Vector Regression

(Case Study: Saqqez City)
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Abstract

Drought can significantly affect agriculture, especially rainfed
agriculture which is highly dependent on precipitation, and
thereby threaten the food security and social protection. In this
study, the correlation between drought indices, SPI and SPEI,
and the rainfed wheat yield was investigated in 5 fields in
Saqqez city during the period of 2001-2020 using neural
network, random forest, and support vector regression. TRMM
precipitation and CRU evapotranspiration were used to
calculate the drought indices SPI and SPEI. The AquaCrop
model was calibrated with observational data in period 2015-
2020 and then each field performance was simulated with the
AquaCrop model for the period 2001-2020. The average yield
of the fields was evaluated versus the average rainfed wheat
yield of the entire Saqgez county and the results showed that
the data simulated with the model had a good correlation
(R2=0.90) with the latter. In order to investigate the
relationship between drought indices and rainfed wheat yield,
six scenarios were defined. The results showed that the neural
network and random forest method with a significant
probability of 95% (P-value=0.0) and an explanatory
coefficient of more than 0.70% in train stage, the high value of
Nash Sutcliffe index and a small amount of underestimation
had a good estimate of the rainfed wheat yield. Also, there is a
significant relationship between drought indices, SPI and
SPEI, and the rainfed wheat yield in the study area. The results
of this research will be useful in managing and planning the
development of rainfed wheat cultivation based on the future
climatic conditions.
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Table 1- Total precipitation and average monthly temperature in Saqgez station in period of 2000-2020
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Year Total monthly precipitation(mm) Average monthly temperature (°C)
2000 346.03+25.6 10.96+8.4
2001 310.83+17.6 11.58+7.4
2002 537.25+£10.7 10.66+7.2
2003 460.78+36.6 10.86+6.5
2004 496.96+43.2 11.01+6.4
2005 372.18+25.6 10.70+7.7.9
2006 559.87+45.2 11.47+6.8
2007 275.28+27 10.39+8.8
2008 305.06+28.2 11.17+10
2009 405.93+31.8 11.2546.0
2010 367.51+32.8 12.93+6.5
2011 513.31+£39.1 10.45+7.9
2012 484.5+35.4 11.5747.3
2013 367.62+£31.5 10.98+7.4
2014 402.71+28.9 11.86+7.4
2015 421.51+25 11.93+7.5
2016 408.93+46.1 11.9146.9
2017 358.83£29.1 11.66£8.3
2018 647.54+46.1 12.9145.5
2019 450.19+38.3 11.79+6.5
2020 550.81+59.2 11.53+6.9
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Fig. 1- The location of the study area
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Table 2- Soil information of the fields
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Farm Electrical conductivity Saturation percentage .
(EC) pH clay% silt% sand% Texture
No (SP)%
(dS/m)
1 0.456 7.29 45 30 36 34 CL
2 0.588 7.13 38 26 14 60 SCL
3 0.387 7.94 53 41 45 14 SiC
4 0.408 7.26 49 40 34 26 CcL/C
5 0.334 7.63 50 36 44 20 CL/SiCL
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Fig. 2- Evaluation of TRMM satellite monthly precipitation data and Saqqez station data
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Fig. 3- Evaluation of CRU satellite monthly reference evapotranspiration data and Saqgez station data
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Table 4- Plant parameters used in AquaCrop model for the study area
axlllao 3,90 adlain (515 AquaCrop Juo ,d &b, 106 2LS b ol )b -F Jouo

Plant parameter Default Changed
value value
Upper temperature (°C) above_which crop development no longer increases with 26 28
an increase in temperature

Soil water depletion factor for canopy expansion (p-exp) - Upper threshold 0.2 0.19
Soil water depletion factor for canopy expansion (p-exp) - Lower threshold 0.65 0.8

Soil water depletion fraction for stomatal control (p - sto) - Upper threshold 0.65 0.25
Shape factor for water stress coefficient for stomatal control (0.0 = straight line) 2.5 5

Soil water depletion factor for canopy senescence (p - sen) - Upper threshold 0.7 0.55
Minimum air temperature below which pollination starts to fail (cold stress) (°C) 5 10
Maximum air temperature above which pollination starts to fail (heat stress) (°C) 35 40

Minimum growing degrees required for full crop transpiration (°C - day) 14 11.1
Maximum effective rooting depth (m) 1.5 1

Canopy growth coefficient (CGC): I;:rrzzs;g in canopy cover (fraction soil cover 0.04901 0.02816
Canopy decline coefficient (CDC): Decrease in canopy cover (in fraction per day)  0.07179 0.06527

Calendar Days: from sowing to emergence 13 19

Calendar Days: from sowing to maximum rooting depth 93 190

Calendar Days: from sowing to start senescence 158 257

Calendar Days: from sowing to maturity (length of crop cycle) 197 260

Calendar Days: from sowing to flowering 127 222

Length of the flowering stage (days) 15 20

Building up of Harvest Index starting at flowering (days) 67 35

Reference Harvest Index (Hlo) (%) 48 50

YFeY 5l oF olowd (o385 Jlw oyl O @alio Coliydines
Volume 19, No. 4, Fall 2023 (IR-WRR)



g 3 Validat

2 alidation

S 25

2 2

=

S sl5

Y e

o= 1

8o R2=0.99

305 RMSE=0.05 (ton/ha)

S NSE=0.99

g 0 MBE=0.04 (ton/ha)

g 0 1 2 3

7] Observed data of rainfed wheat yield
(ton/ha)

E ot Calibration

= ' °

3 2

D

= °

s <

gg5 1 R’=0.97

I~ 05 RMSE=0.27 (ton/ha)

— : ° NSE=0.86

3 MBE=0.04 (ton/ha)

IS 0

g 0 1 2 3

2 Observed data of rainfed wheat yield
(ton/ha)

Fig. 4- The results of calibration and verification of AquaCrop model
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Table 5- The statistical results of simulation of rainfed wheat yield using SPI index by neural network

method
s 45y (g, 41 SP1 3L 03lisuol b 33 @S 3o (5l (5l0] a5 -0 g
Scenarios SPI Step R?> RMSE NSE MBE
S1 October-November-December Trend  0.77 0.08 0.77--0.0001
Test 079 01 073 -0.004
Trend 079 008 079 -0.00009
S2 January-February-March Test 080 009 079 -0.01
. Trend 070 01 070 -0.0001
S3 April-May-June Test 056 013 057 001
Trend 093 004 093 -0.00001
s4 October to March Test 073 041 071  -0.02
- January to June Trend 084 007 084  0.0001
y Test 084 008 084 -0.01
Trend 091 005 091 -0.0004
S6 October to June Test 082 009 079  -0.02

Table 6- The statistical results of simulation of rainfed wheat yield using SPI index by support vector machine
Oluiady 51251 g5 5 W9 4 SPI s L 1 03liw! b 013 o 5 )Sos (g wamend (5 lol () i -5 Jgua

Scenarios SPI Step R?2 RMSE NSE MBE
Trend 0.02 0.8  0.02 0.001

S1 October-November-December Test 0.06 0.2 004 0001
Trend 0.15 0.16  0.14 0.005

S2 January-February-March Test 007 0.2 006 001
. Trend 0 019  -0.01 -0.009

S3 April-May-June Test 002 021  -0.07 -001
Trend 015 0.16  0.15 -0.005

s4 October to March Test 008 02 008 -0.002
o January to June Trend 011 0.17 0.1 -0.004
y Test 0 021  -005 0.003

Trend 0.16 0.16  0.16 -0.006

S6 October to June Test 008 02 008 -0.003

Table 7- The statistical results of simulation of rainfed wheat yield using SPI index by random forest method
U SR By 4 SPI yad L 5l 03kl L 13 o8 3 Slos (g 3lrensd (5,)lo] G Y Sy

Scenarios SPI Step R? RMSE NSE MBE
S1 October-November-December Trend 0.89 0.07 0.86 -0.001
Test 0.65 0.13 0.63 -0.02
$2 January-February-March Trend 0.90 0.06 0.87 0.002
Test 0.69 0.12 0.66 -0.007
s3 April-May-June Trend 0.87 0.07 0.84 0.002
Test 0.72 0.12 0.65 -0.02
sa October to March Trend 0.92 0.06 0.87 -0.001
Test 0.78 0.11 0.70 -0.01
S5 January to June Trend 0.93 0.06 0.89 0.0007
Test 0.75 0.12 0.66 -0.008
6 October to June Trend 0.92 0.06 0.88 -0.0004
Test 0.78 0.11 0.71 -0.012
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Table 8- The statistical results of simulation of rainfed wheat yield using SPEI index by neural network method
oS dSwd (g y & SPEL Lad L 5l 03liiw! b oo 08 5 ySlos (5 lwrdand (55l gl -A Joua

Scenarios SPEI Step R? RMSE NSE MBE
S1 October-November-December ' 'end 075 0.08 075 0.0001
Test 0.76 0.1 0.75  -0.006

52 January-February-March Trend 0.84 006 0.85 -0.0001
Test 078 011 0.69 -0.02

s3 April-May-June Trend 0.6 0.1 050 0.0004
Test 052 014 050 -0.02

s4 October to March Trend 094 0.04 094 -0.0001
Test 084 008 083 -0.004

S5 January to June Trend 095 0.04 097 -0.00001
Test 069 011 067 -0.02

6 October to June Trend 0.88 0.05 0.88 0.000006
Test 076 01 076  -0.01
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Table 9- The statistical results of simulation of rainfed wheat yield using SPEI index by support vector
machine method

Oty 1332 gawyS 5 o9y 49 SPEIL as Ll i eoliil b pad oS 5, Sdos (g 5lwdnd (5 k] gl -1 Jgao

Scenarios SPEI Step R? RMSE NSE MBE
S1 October-November-December Trend 002 0.17 002 -0.006
Test 0.07 0.2 0.08 -0.006
$2 January-February-March Trend 0.14 0.16 0.14  0.009
Test 0.04 0.2 0.04 0.02
$3 April-May-June Trend 0.01 0.17 -0.01 -0.02
Test O 0.2 -0.05 -0.02
s4 October to March Trend 0.21 0.16 0.2 -0.009
Test 0.11 0.19 0.11 -0.008
S5 January to June Trend 0.16 0.16 0.16  0.001
Test 0.03 0.21 0.007 0.012
S6 October to June Trend 0.23 0.15 0.23  -0.007
Test 0.14 0.19 0.08 -0.003

Table 10- The statistical results of simulation of rainfed wheat yield using SPEI index by random forest
method

Had SR (39, 4 SPEI ad L by 023 puiS 3, Sos (g 5Lwand (5 ko gl =)+ Jour

Scenarios SPEI Stp R? RMSE NSE MBE
S1 October-November-December  ''end 089 0.06 086 -0.002
Test 0.58 0.14 0.56 -0.018
$2 January-February-March Trend 0.90 0.06 0.86  0.0002
Test 0.69 0.12 0.65 -0.012

s3 April-May-June Trend 0.88 0.07 0.84 0.001
Test 0.62 0.13 0.59 -0.005

s4 October to March Trend 091 0.06 0.87 -0.001
Test 0.73 0.12 0.67 -0.013
S5 January to June Trend 0.91 0.06 0.87  0.0006
Test 0.66 0.13 0.63 -0.005
6 October to June Trend 0.92 0.06 0.89 0.0003
Test 0.75 0.11 0.7 -0.006
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1- Standardized Precipitation Index

2- Standardized Precipitation Evapotranspiration Index
3- Tropical Rainfall Measuring Mission

4- Climatic Research Unit

5- Kaiser-Meyer-Olkin Measure of Sampling Adequacy
6- Root Mean Square Error

7- Mean Bias Error

8- Nash-Sutcliffe Efficiency

9- Coefficient of Determination
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