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Introduction

Water scarcity is a big problem in many areas, especially in arid and semi-arid regions. It is rising
due to the demand growth driven by increased economic activity and population growth in
developing countries. Since Iran is on the world's dry belt and it has rain equivalent to 1/3 of the
rain world's average, it is considered a dry country. The rain trend indicates that Iran is going to
drought, so plans and measures of water resources management should be developed accordingly
(Samadi Broujeni and Ebrahimi, 2010). Also rainfall in Iran is one of the main variables for
assessing of water resources, but its spatial and temporal distribution is very Non-uniform. For
this reason, the water resources distribution of the country is not uniform, too. Preservation and
water resources management are not only a function of rainfall but also depend on the variability
of rainfall. If spatial change of rainfall be small, the water resources are more homogeneity and
consistency (Mirmousavi and zohrehvandi, 2011) . Hence, the rainfall variations are important in
assessing water resources of rivers and the relative study of local and regional water resources.
Although various approaches have been proposed for modeling of rainfall, the use of single
generators can not properly reproduce the spatial correlations between different meteorological
variables. In this paper, was used the first-order Markov chain(MC1), the second-order Markov
chain(MC2) and the third-order Markov chain(MC3) for the occurrence of daily precipitation.
The Wilks method was used to simulate the occurrence of daily precipitation by preserving the
spatial correlation between stations for four synoptic stations in Khozestan province of Iran,
considering the importance of preserving the spatial correlation between adjacent stations in
water and agricultural studies in daily scale, which has not been studied in Iran up to now.

Methodology

In this study 4 synoptic stations of Khozestan province of Iran which have daily 30 years
rainfall dataset have been used in order to modeling occurrence of daily rainfall. The
geographical and climatic characteristics of the stations are presented in Table (1). Based on
extended de Martonne classification (Khalili, 1997), climates of the stations are arid moderate
and semi-arid moderate. The model is made just for rainy periods. To this aim, a stochastic
rainfall time series consisting of MC1, MC2 and MC3 have been used for reproducing rainfall
occurrence. To detect the best order of MC models, the Akaike information criterion (AIC) has
been used. After identification of the best order of MC model, due to the importance of the
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spatial correlation among the study stations, the Wilks approach has also been used for the
rainfall events modeling.

Table 1- Geographic information of the study stations

UTM Elevation
Station from sea level Climate
X Y (m)
Ahwaz 277996 3468896 22.5 Arid moderate
Abadan 235699 3362624 6.6 Arid moderate
Omidiyeh 370802 3404521 34.9 Arid moderate
Dezful 253884 3587786 143 Semi-arid moderate

Results and Discussion

In this study, the important characteristics had been considered related to dry and wet short
periods such as simple and conditional probabilities. Wet and dry day's probabilities had been
calculated using MC1, MC2 and MC3. The model order is chosen as the order that minimizes the
AIC for all the stations. Based on the AIC result, MC1 had performed as the best model order to
wet and dry events modeling in all of stations. Also, based on MC1, the occurrence probability of

a wet day was not directly related to its rainfall amount. In all stations, the PRy, didn’t increase

with any increasing in rainfall amount. Chi-Square test indicated that in each significant level,
there weren't any evidences to accept the zero hypotheses, which confirm independent of data.
Therefore, the frequency of transmission states followed the two-state MC method. The results
from run tests calculated using the Minitab software also showed the stationary condition of the
MC. As noted, the probability of consecutive wet days and the probability of wet day were
obtained using MC1. The result show, the average consecutive wet days probabilities for Ahwaz,
Abadan, Omidiyeh and Dezful were 38.91, 36.37, 43.32 and 44.88%, respectively. Furthermore
in these stations, the average probabilities of wet days occurrence were 13.9, 10.7, 13.5 and
17.7%, respectively. Also, The performance of the Wilks approach has verified using coefficient
of determination (R?). The base of results from Fig. (1) and (2) indicate that this model is able to
simulate the occurrence of precipitation with acceptable accuracy in the study stations.
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Conclusion

The MC1, MC2 and MC3 models have been fitted to predict daily precipitation data series to
identify the dry and wet spells sequences. Based on the AIC criterion, the MC1 is selected as the
best model for the all stations. Based on this criterion, the average of preference MC1 compared
with second and third order was 61 and 74% for all study stations, respectively. The average

probability of 2 consecutive wet days (R, ) Vvaries between 36.37 (Abadan) and 44.88%

(Dezful). Also, the average probability of wet day occurrence ( R, ) changes from 10.7 (Abadan)

to 17.7% (Dezful). Also, based on the R?, the result illustrate that Wilks approach can accurately
simulate the occurrence of rainfall in a regional manner.
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Table 1- Geographic information of the study stations (Chaharmahal and Bakhtiari
Meteorological Administration site)

UTM Elevation
Station from sea level Climate
X Y (m)
Ahvaz 277996 3468896 22.5 Arid moderate
Abadan 235699 3362624 6.6 Arid moderate
Omidiyeh 370802 3404521 34.9 Arid moderate
Dezful 253884 3587786 143 Semi-arid moderate
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Fig. 1- Map of the synoptic stations of the study area
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Estimation rainfall occurrence with using the first
to third-order Markov chain

!
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!
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!
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!
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!
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with preservation of correlation for all stations

Fig. 2- Steps of work process
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Tabel 2- Result of the choices daily Markov chain model-orders based the on the AIC

Ahvaz Abadan Omidieh Dezful

First

Second Third First Second Third First Second Third First Second Third

2135
3429
3165

2208
2260

1637

1794
2691
3187

3031 32 2260 2660 3.3 B 366 36.45 3.9 35,65 3o
38.28 4043 2284 2609 2059 B3 M4 4806 3386 310 3256
4162 3399 3369 36.38 30.05 B BB 3552 3031 3921 3.9

25,76 2040 16.98 2081 24,04 182 1182 16.00 3019 2.9 2832
.11 2100 16.98 02 2806 218 20 2094 3099 3184 35.66

19.09 16.00 1263 1640 2109 208 210 2094 2467 26.75 26.06

19.00 2384 125 1640 198 400 800 16.00 2260 2621 2856
3082 3353 18.56 2210 00 75 9% 3763 047 313 3257
B 3141 2584 2061 34.08 64 AL6E 4406 38.28 3890 2231
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Table 3- Simple and conditional probabilities of dry and wet days of Ahvaz station

Day Conditional probability Simple probabaility
Puw Pud Paw Pyg Py Py
1 0.20 0.80 0.12 0.88 0.14 0.86
2 0.00 1.00 0.27 0.73 0.30 0.70
3 0.57 0.43 0.22 0.78 0.23 0.77
121 0.00 1.00 0.00 1.00 0.00 1.00
122 0.50 0.50 0.00 1.00 0.00 1.00
123 0.50 0.50 0.00 1.00 0.00 1.00
241 0.00 1.00 0.08 0.92 0.07 0.92
242 0.00 1.00 0.14 0.86 0.13 0.87
243 0.50 0.50 0.15 0.85 0.20 0.80
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