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Background and Objectives: In arid and semi-arid climates which the
rainfed farming is of high importance, it is necessary to pay special
attention to the factors affecting the performance of rainfed crops, as well
as its prediction. In this meantime, paying special attention to tolerant crops
such as barley is inevitable. The aim of the current study was to assess the
possibility of rainfed barley annual yield prediction using some drought
indices in a semi-arid climate.

Materials and Methods: By calculating SPEI, EDDI and SPI drought
indices for four growth stages of rainfed barley including sowing-emerge,
emerge-tillering, tillering-stem and stem-flowering at the Sararoud-
Kermanshah station, a number of 12 time series of these indices were
extracted during 2000-2015 period. The cross-tabulation was used to
evaluating the overall relationship between drought indices and rainfed
barley annual yield and to model the rainfed barley annual yield based on
drought indices, the best subset-based multiple linear regression model and
Principal Component Regression (PCR) were applied at two different
stages. The modelling procedure performed in two overall cases including
considering a unique drought index and considering a combination of three
different drought indices cases.

Results: The results of cross-tabulation technique showed an appropriate
relationship between rainfed barley annual yield and drought indices.
Therefore, a potential is available to use drought indices to predict rainfed
barley annual yield. Based on the results of considering a unique drought
index case, the highest (63.6%) and lowest (54.1%) values of coefficient of
determination between rainfed barley annual yield and drought indices
were for SPEI and EDDI indices, respectively and a value between them
(62.4%) for SPI. The values of these indices were appeared at the model
during the sowing-emerge and tillering-stem stages for SPEI and SPI and
sowing-emerge and stem-flowering stages for EDDI. By considering the
combination of three different drought indices case, the results revealed
that the best multiple linear regression model is obtained by presence of
SPEI (during tillering-stem and stem-flowering stages) and EDDI (during
sowing-emerge and tillering-stem stages) indices in the model with a good
coefficient of determination (R?=78.7% and R?adj=69.2%). However, the
high value of Variance Inflation Factor (VIF) revealed that it is necessary
to solve this issue by considering the Principal Component Regression
(PCR) model. By applying PCR model to predict rainfed barley annual
yield, the coefficient of determination for the PCR (78.2%) showed a
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negligible decrease compared to the multiple regression model. However,
the adjusted coefficient of determination properly improved to 71.7%.
By considering the PCR model as the final model of predicting rainfed
barley annual yield, the cross-validation results of this model led to
obtaining R?=58.5% and RMSE=572.3 kg/hec (equal to 22% of the mean
of annual yield).

Conclusion: The overall results of this research showed that applying
different drought indices could lead to increase in the explained variance of
rainfed barley annual yield. The overall results of this research showed that
the occurrence of drought during the emerge-tillering stage does not have a
considerable impact on the rainfed barley annual yield. With respect to
the higher role of the tillering-stem stage in the regression models,
this stage was detected as the most important effective period on the
rainfed barley annual yield. Therefore, among different growth stages,
occurring drought in the tillering-stem period is expected to lead to a lesser
amount of annual yield.

Cite this article: Khoshkhoo, Younes. 2022. Feasibility study of rainfed barley annual yield prediction
based on different drought indices. Journal of Water and Soil Conservation, 29 (2), 1-24.
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Table 1. Cross tabulation between different drought indices categories and different rainfed barley annual
yield categories.

Sl B A3 ¢ e

sla yaxls > Shas > Shas > Shas > Shas > Shas partls i
Sl Sosis b ol ombles g W T it s
Drought Drought categories low-  relatively- normal- relatively-  high- Sum of relative

Indices yield low-yield yield high-yield yield frequency of drought
indices (%)
0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Severe drought
14.3% 21.4% 7.1% 0.0% 0.0% 42.9%
Moderate drought
s bl
SPEI 0.0% 0.0% 14.3% 14.3% 7.1% 35.7%
Normal condition
lawge Sl s
s s 0.0% 14.3% 0.0% 0.0% 7.1% 21.4%
Moderately wet
L Jls
0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Severely wet
L Jlees
0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Severe drought
Lo ga e
7.1% 21.4% 7.1% 7.1% 0.0% 42.9%
Moderate drought
s Lal
EDDI 7.1% 14.3% 7.1% 0.0% 7.1% 35.7%
Normal condition
bawge Jl s
s s 0.0% 0.0% 7.1% 7.1 7.1% 21.4%
Moderately wet
L Jls
0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Severely wet
L e
7.1% 0.0% 0.0% 0.0% 0.0% 7.1%
Severe drought
Lo gie LS
7.1% 7.1% 7.1% 0.0% 0.0% 21.4%
Moderate drought
Lo dal 5
SPI S =l 0.0% 14.3% 14.3% 7.1% 7.1% 42.9%
Normal condition
bawge Jlo s
s s 0.0% 14.3% 0.0% 7.1% 7.1% 28.6%
Moderately wet
Lo Jls
0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Severely wet

o s Vs Sles i sl 5 Aoy germs
Sum of relative frequency of rainfed
barley annual yield (%)

14.3% 35.7% 21.4% 14.3% 14.3% 100%
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Figure 1. The occurrence date of different phenological stages of rainfed barley during dfferent years.
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Figure 2. The SPEI, EDDI and SPI drought indices values for four different growth periods of rainfed barley
(a: sowing-emerge, b: emerge-tillering, c: tillering-stem, d: stem-flowering) along with annual yield (e) during
different years.
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Figure 3. Correlation coefficient of mutual SPEI, -EDDI and SPI drought indices for four different growth
periods of rainfed barley.
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Table 2. The obtained multiple linear regression models to predict rainfed barley annual yield based on
different drought indices (1: sowing-emerge, 2: emerge-tillering, 3: tillering-stem, 4: stem-flowering).
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SPEI Yield = 2959 + 484*SPEI-1 + 787*SPEI-3 SPEI-1:1 %63.6 %57
SPEI-3:1
L EDDI-1:1.04
EDDI Yield = 2702 + 397*EDDI-1 + 730*EDDI-4 EDDI-4 : 1.04 %54.1 %45.7
I ) ) SPI-1:1.01 0 0
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EDDI-1:1.26
il glajarls oS 5 I Yield = 2610 + 471*EDDI-1 + 547*SPEI-3 SPEI-3:2.05 %78.7 %692
Combination of different indices —651*EDDI-3 + 401*SPEI-4 EDDI-3:1.3
SPEI-4:1.66
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Table 3. Eigen vector values for three first principal components (1: sowing-emerge, 3: tillering-stem, 4: stem-
flowering stages).
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Drought index PCAl PCA2 PCA3
EDDI-1 0.395 -0.693 -0.543
SPEI-3 0.606 0.197 -0.173
EDDI-3 0.488 -0.306 0.808
SPEI-4 0.488 0.623 -0.153
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Figure 4. The obtained R? and RMSE indices values extracted from cross validation of different models to
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