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Abstract

Climate change in the past decade had serious impacts on food
security and livelihoods in different parts of the world. EOF is
one of the important methods for studying rainfall patterns in
an area. The main objectives of the paper were to determine
the best weight coefficients and frequency functions,
determine homogeneous regions, model seasonal time series,
and find the Severity-Area- Frequency (SAF), Duration-Area-
Frequency (DAF), and Meteorological Drought Curves in
three basins of Karun, Dez and Karkheh. In order to achieve
the above objectives, 69 (Ministry of Energy’s) weather
stations were selected in the research basins. After qualitative
control, test and reconstruction of data, frequency functions
and four weight factors (EOF) were obtained. Then, with the
homogenization of the rainfall zone, the 291 cells in the
ArcGIS9.3 environments were examined by ordinary kriging
interpolation method. The results of the interpolation for first
to forth weight functions (EOF) showed that the spherical semi
covariogram with second degree of polonomial trend and
unisotropy, the Gaussian no-trend with isotropy, the Gaussian
with second degree of trend, and the spherical with second
degree of trend and no-isotropy have the best distribution
respectively. The homogenization of the region showed that
the minimum average monthly precipitation in southern parts
of Khuzestan Province and some eastern parts of Charmahal-
o-Bakhtiari Province was 14.5-24.3 mm and maximum
average monthly precipitation in northern parts of Khuzestan
Province and south of Lorestan Province was 65.3-80.4 mm.
Using the ARMA Stochastic Modeling Method with the
SAMS program for each cell for 4 time series of frequency
functions (PC), 12.000 rainfall data were obtained and then
analysis of droughts was conducted. The results showed that
the Gamma and Log-Normal statistical distribution for the
return periods of 5, 10, 50, 100 and 200 years were the best fit
for the series of relative shortages and drought persistence,
respectively.
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Fig. 1- The situation of rain gage stations in the study area
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Fig. 2- Variance variation with EOF number (for the first 40 cases) in rainfall data in southwestern regions
of the country
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Table 1- The comparison of different models of semivariogram for interpolation of average precipitation

model) (typical Kringing

(Jgore Sz )5 Bhg;) O33b 08l (Db (1955 812 Loy o Cilisn (gL J 0 dunnglio ) Jg

Model Trend Deg. Error Parameters’

M RMS AS MS RMSS
- 2212 9.719 18.6 0.119 0.506
2 0.013 12.61 14.07 0.036 0.819
3 -5.91 17.15 13.58 0.4034 1.202
2477 9.772 18.45 0.138 0.507
2 0.302 12.61 13.89 0.058 0.823

3 -5.891 17.11 13.55 -0.401 1.2

- 2.793 9.668 18.75 0.154 0.49

Exponential 1 1.809 9.035 17.7 0.106 0.49
2 -3.963 21.96 16.17 -0.213 1.242
3 -5.901 17.36 13.78 -0.405 1.214
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Table 2- Characteristics (parameters) of the best Kriging models to interpolate average precipitation (Xm)
and weight coefficient (EOF) and the evaluations results

9 (EOF) (539 il po 9 (Xm) o)k (mSSle (23950 St it )5 s o e (51 ol 1) Solaasuabio - Jgut>

ksl (2bj) b
Error Variable Xm EOF1 EOF2 EOF3 EOF4
- M 0.0019 0.0048 0.003
S 0.013 0035  0.037 -0.006 51014
S 1407 90838  0.086 0.093 (0065
> AS 0036 9785  0.865 0082 0624
3 MS 0.819 0.771
(=)
>
RMSS
T Gaussian  Spherical Gaussian  Gaussian ~ Spherical
ype 1.355 1.34 5017  1.0529 1.474
183.66 0.0015 0.024 0.0035 0.0078
Range 39.504 0.00018 0.001 0.003 0.0057
0.114 0.11365 0.423 0.145 0.124
. sill 12 12 12 12 12
% 2 2 - 2 2
g Nu (s[o] et & s - & &
& Lage Size
Num. Lags
Trend Deg.
Anisotropy
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Fig. 7- Interpolation map of monthly average precipitation (Xm) in the study area using Kriging method
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Fig. 8- The resulted map based on interpolation of weight coefficients (EOF) related to monthly precipitation

using Kringing method in the study area
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Table 3- The coefficients and different converts needed for normalizing PC series in different months
o sole ;3 PC gl pw silwdled sl SHod g9 9 Olps Y Jgar

Months Mehr Aban Azar Dey Bahman Esfand Farvardin ~ Ordibehesht Khordad Tir Mordad Sharivar

Transformer  B-C B-C B-C B-C B-C B-C B-C B-C B-C p p p

PC1 a 365 365 365 365 365 365 365 365 365 365 365 365

b 001 035 042 043  0.39 0.63 0.27 0.37 0.1 -0.76 -0.8 2.8

Transformer  B-C B-C B-C B-C B-C B-C B-C B-C B-C B-C B-C B-C

PC2 a 340 340 340 340 340 340 340 340 10 10 10 340

b 2.8 1 055 0.5 0.3 0.3 0.9 1.9 0.6 2.6 0.3

Transformer B-C B-C B-C B-C B-C B-C B-C B-C B-C B-C B-C

PC3 a 50 365 365 365 365 365 365 365 20 50 50 50

b 023 055 18 04 1.9 0.8 0.3 038 0.1 2.9 0.55 0.2

Transformer  B-C B-C B-C B-C B-C B-C B-C B-C B-C LOG B-C B-C

PC4 a 300 300 300 250 250 250 300 130 100 1.55 20 10

b 02 118 085 155  1.27 1.15 157 1.94 -1.04 0 2.47 1.77

B-C=BOX_COX Y=[(X+a)*-1/bP=POWER  y=(x+a)’ LOG=Logarithm Y=In(X+a)
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Table 4- @ and 0 of suitable models for PC time series
PC Sloj (s pw slp cwlio sl Jao8 50 skl b - F Jgaa

S(_er Model Co Months. - _ .
i ff. Mehr Aban Azar Dey Bahman Esfand Farvardin Ordibehesht Khordad Tir Mordad Shahrivar

pci | PARMA | @ - - - - - - - - - - - -
(0,1) 0 015544 | -0.18251 | -31410 | 031652 | -0.35484 | -0.23086 | -0.02536 | -0.04821 | -0.53750 | 0.04963 | -0.36092 | -0.38539

pcy | PARMA g | -113035 | -2.18592 | -23647 | 045216 | 2.64746 | 047475 | -0.32356 | -0.55459 | -0.54943 | -0.34093 | -2.36884 | 0.15055
(1,1) 0 101659 | -2.05164 | -59270 | 058317 | 2.75604 | 047033 | -0.78056 | -0.34644 | -0.97347 | -0.28020 | -2.73279 | 0.06420

pes PARMA @ | 146652 | -0.72575 | 047983 | 043473 | -0.25475 | -75406 | -1.03861 | 1.45185 | -0.46824 | 0.02012 | -5.23823 | -0.37678
(1,1) 0 146448 | -1.05738 | 0.11066 | 0.66813 | -0.35311 | -77066 | -1.00014 | 1.54126 | -0.15785 | 0.02933 | -8.62797 | -0.31838

pcy | PARMA | o - - - - - - - - - - - -
(0,1) 0 000031 | -338.01431 | -0.01049 | 679812 | -0.00967 | -0.21373 | 0.17904 0.78200 | 0.00000 | 43.03620 | 364.44556 | 0.00303
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Fig. 11- Relative frequency of drought affected area in the research area based on the results of precipitation
modeling
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Fig. 13- Duration-Area-Frequency (DAF) meteorological drought curves in the research area
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1- Standardized Precipitation Index
2- Principal Component Analysis
3- Empirical Orthogonal Function
4- Severity- Area- Frequency

5- Duration-Area-Frequency

6- Singular Value Decomposition
7- Amplitude Function

8- Weight Coefficient

9- Seasonal

10- Box-Cox

11- Moments

12- Approximate Least Squares
13- Tree Ring
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