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Abstract. Statistic was done for the precipitation and evaporation monitoring 

data of Yuncheng from 1971 to 2007. The first-order seasonal autoregressive 

models were set up，considering separately for the normal and skewed 

distribution of rainfall and evaporation. Long series of monthly precipitation 

and evaporation sequences were generated. Compared the average, standard 

deviation and other parameters of simulation sequences with measured 

sequence, the results of skewed simulation had better agreement with the 

measured one. Then it proved that skewness model maintains the main 

statistical characteristics of the measured sequence. 20 groups of equal length 

with the measured sequence of precipitation and evaporation sequence 

could be generated through the skewness model. The sequence of irrigation 

water of the winter wheat multiple corns planting type had been calculated, 

using the "  " value method. And comparative analysis with the 

measured result was performed. The simulation computed result was found in 

good coincidence with the measure computed result. 

Keywords: precipitation, evaporation, seasonal autoregressive model, irrigation  

water 

1   Introduction 

Crop irrigation water can be determined by the field water balance method, using 

the precipitation and evaporation data. Based on the long series of data, the scale of 

irrigation projects can be determined. Thus many of the data needed, actually the 

measured data were limited. Aiming at the randomicity of precipitation and 

evaporation, the precipitation and evaporation were randomly treated, and simulated 

using random hydrology methods. Then Long series of irrigation water sequence can 

be calculated in order to develop irrigation schemes more in line with actual crop 

water demand. Azhar 
[1]

 considered evapotranspiration, precipitation randomness, 

introduced a minimum of irrigation water requirement of rice cumulative probability 

distribution, and used to guide irrigated rice irrigation. Huan-Jie Cai
 [2]

 simulated the 

daily precipitation and studied the irrigation problems of wheat and maize. Zuo 

Xiaoxia 
[3]

 generated long series of precipitation and evaporation by the stochastic 

hydrology method. Then a long series of rice irrigation process were calculated using 

the cross-correlation of rainfall evaporation. Wen Ji 
[4]

 simulated the 

evapotranspiration, and the results derived stochastic simulation model of winter 

wheat irrigation. Zai Song-mei 
[5]

 simulated the precipitation and evapotranspiration 

using random hydrology methods based on time-series, and then the simulated values 
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were used into the water balance equation to determine the irrigation time and amount. 

Wen Ji 
[6]

 analyzed the stochastic simulation techniques of crop irrigation and pointed 

out that it has strong universality. This paper simulated the sequences of precipitation 

and evaporation by the seasonal autoregressive model, and calculated the sequence of 

crop irrigation water in Yuncheng. 

2   Materials and Methods  

2.1 Model 

Seasonal autoregressive model is used to simulate monthly precipitation and 

evaporation. The general form of seasonal autoregressive model is as follows
 [7]

: 

, 1, , 1 2, , 2 , , ,...t t t p t p tz z z z                              （1） 

Where ,tZ is standardized sequence, 1, 、 2, 、… ,p   are respectively the auto 

regression coefficients of the season from 1 to p orders, and ,t  is the independent 

random sequences of the t year of the season. 

Standardized sequence which is to eliminate the seasonal effects of average、 

variance can be obtained by standardizing the hydrological series.  Formula is as 

follows. 
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Where u is average,  is standard deviation, and 
,tx 

is seasonal 

hydrological sequence(t=1,2，…，n，n is the number of years； =1,2，…，w，

w is the number of seasons), which can be represented through matrix.   
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Studies show that a first or second order model will be able to meet the 

requirements. Thus this article uses a first order seasonal autoregressive model. When 

p = 1, the model is as follows.  



 

, 1, , 1 ,t t tz z                                    （3） 

2.2 Estimation of Model’s Parameters 

Parameters of a first order seasonal autoregressive model are u 、
2

 、  ,1 、

and 
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, （ w,2,1 ）. Estimate of u and
2

  can be separately reached with 

the average ( x ) and variance (
2s ) of the sample. 
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Where ,1r is the  season’s first-order sample autocorrelation coefficient of 

the ,tx   sequence, which indicates the linear correlation between the and 1  

season. 

If the sequences of precipitation and evaporation are considered normal one, then 

the independent random sequence ,t   is pure normal distribution. The formula is as 

follows. 

  ,,, tt                                           （7） 

2

,1, 1  r                                         （8） 

  ,2,1 2cosln2 uu                               （9） 

Where ,1u and ,2u are uniformly distributed random numbers, and  is the 

independent standard normal pure random sequence, namely )1,0(~ N .  ,t can 

be obtained by a lot of ,tu . 



 

If the sequences of precipitation and evaporation are considered skewed one, 

then the independent random sequence ,t   is skewed distribution. In hydrology and 

water resources, the distribution of ,t   more considers is a P-Ⅲ type one. The 

formula is as follows. 
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Where ,t is standardized P-Ⅲ distributed random variable，
,SC is 

coefficient of skewness of ,t ,and 
,xSC is coefficient of skewness of ,tx . 

2.3 Calculation of Irrigation Water 

Irrigation water is the required amount of water of irrigated land, which is 

drawn from the source. It depends on the factors such as the irrigated area, crop 

cultivation, soils, hydrogeological and meteorological conditions. Farm irrigation 

water is calculated as follows: 

PEM   0
                                        （14） 

Where M is crop irrigation water of the crops’ whole growth period (mm),  is 

water demand coefficient, which determined by the measured data (see table 1), 0E  

is water surface evaporation of the crops’ whole growth period (mm), P is 

precipitation of the crops’ whole growth period (mm), and   is effective utilization 

coefficient of precipitation, which determined by relevant information, the value of 

 is 0.9 in the months of 11,12,1-4,and in other months is 0.8. 

Table 1.    The value of   

month 1 2 3 4 5 6 7 8 9 10 11 12 

  0.4 0.552 0.665 0.722 0.74 0.743 0.75 0.83 0.73 0.397 0.593 0.462 



 

3   Results and Discussion  

3.1 Applicability Analysis of the Model 

Statistic was done for the precipitation and evaporation monitoring data of 

Yuncheng from 1971 to 2007. Considering separately for the normal and skewed 

distribution of rainfall and evaporation, this paper set up the first-order seasonal 

autoregressive models. Then three groups of one hundred length sequences were 

generated. And thus this paper analyzed the parameters of model and application of 

model. The results were shown in Table 2 and Table 3. 

Table 2.  Results of model suitability testing of Yuncheng district’s monthly precipitation  

Parameter 
monthly precipitation（mm） 

1 2 3 4 5 6 7 8 9 10 11 12 

x  

measured 6.2  7.4  
17.

2  

35.

4  

46.

0  

64.

6  

106

.3  

83.

6  

99.

8  

50.

3  

23.

1  
6.4  

Simulation

（normal） 
6.5  7.3  

17.

7  

34.

3  

45.

9  

66.

6  

104

.3  

84.

7  

88.

5  

50.

1  

22.

7  
6.5  

Simulation

（skewness） 
6.1  7.6  

19.

2  

33.

4  

47.

0  

62.

9  

106

.2  

82.

3  

98.

1  

50.

1  

23.

1  
6.9  


 

measured 7.9  7.0  
15.

7  

26.

1  

32.

7  

50.

6  

61.

1  

55.

7  

97.

5  

35.

3  

30.

6  
7.5  

Simulation

（normal） 
8.2  6.9  

17.
0  

26.
2  

31.
3  

50.
4  

51.
7  

58.
0  

107
.3  

33.
8  

31.
2  

7.2  

Simulation

（skewness） 
7.3  6.7  

15.
9  

24.
6  

34.
4  

49.
2  

54.
2  

50.
6  

91.
8  

34.
6  

29.
1  

7.1  

Cs 

measured 
2.0

44  

1.1

48  

1.2

15  

1.4

51  

0.8

68  

2.6

00  

0.8

35  

1.2

86  

3.1

76  

0.7

89  

2.5

78  

0.9

98  

Simulation

（normal） 

0.1

03  

0.0

22  

0.1

29  

0.1

47  

0.0

54  

0.0

02  

-0.0

22  

-0.0

53  

-0.2

47  

-0.0

62  

0.1

92  

0.1

27  

Simulation

（skewness） 

1.5

25  

0.8

10  

0.9

32  

1.0

74  

0.7

54  

2.1

44  

0.6

80  

1.0

04  

2.2

69  

0.7

73  

1.8

41  

0.8

71  

,1r

 

measured 
0.0

61  

0.1

17  

0.1

13  

-0.0

79  

-0.0

86  

0.0

48  

-0.1

57  

0.3

06  

-0.4

03  

0.0

53  

-0.0

33  

-0.0

67  

simulation

（normal） 

0.0

39  

0.1

61  

0.1

99  

-0.0

66  

-0.0

32  

0.0

73  

-0.1

26  

0.2

98  

-0.4

21  

0.1

00  

0.1

05  

0.0

29  

Simulation

（skewness） 

0.0

89  

0.1

26  

0.1

36  

-0.1

06  

-0.0

81  

0.1

56  

-0.0

91  

0.3

53  

-0.3

01  

0.0

21  

-0.0

37  

-0.1

21  

Table 3.   Results of model suitability testing of Yuncheng district’s monthly Evaporation 

Parameter monthly evaporation (mm) 

1 2 3 4 5 6 7 8 9 10 11 12 

x  

measured 50.

5  

87.

2  

155

.8  

195

.6  

256

.6  

316

.0  

285

.6  

258

.8  

171

.3  

127

.5  

74.

1  

50.

9  

Simulation

（normal） 

49.

8  

87.

9  

157

.4  

194

.1  

258

.0  

319

.8  

290

.8  

264

.3  

172

.9  

129

.7  

74.

7  

51.

6  

Simulation

（skewness） 

50.

2  

86.

2  

156

.3  

197

.0  

256

.6  

319

.5  

285

.6  

253

.1  

169

.8  

124

.7  

74.

8  

51.

7  


measured 13.

2  

21.

0  

38.

5  

29.

0  

63.

6  

73.

8  

68.

9  

70.

5  

44.

4  

36.

2  

18.

0  

11.

4  



 

 Simulation

（normal） 

12.

8  

21.

1  

35.

8  

28.

0  

64.

8  

72.

4  

64.

3  

73.

1  

44.

4  

35.

7  

19.

6  

11.

9  

Simulation

（skewness） 

13.

7  

19.

4  

37.

7  

30.

7  

64.

5  

76.

3  

65.

1  

73.

7  

42.

8  

36.

3  

19.

8  

10.

9  

Cs 

measured 
0.4

71  

0.9

65  

1.3

75  

-0.1

72  

-0.1

34  

0.2

40  

0.2

33  

0.7

76  

0.1

26  

0.3

06  

0.5

09  

0.6

33  
Simulation

（normal） 

0.0

78  

0.0

87  

-0.1

90  

-0.0

98  

0.1

15  

0.1

30  

0.1

22  

-0.1

42  

0.0

16  

0.3

69  

-0.0

42  

0.1

33  

Simulation

（skewness） 

0.6

81  

0.6

96  

1.5

90  

-0.0

24  

-0.3

38  

0.2

85  

0.2

82  

1.0

44  

0.2

38  

0.5

92  

0.5

76  

0.5

10  

,1r
 

measured 
0.2

19  

0.3

75  

0.3

28  

0.1

09  

0.2

93  

0.5

67  

0.2

95  

0.4

17  

0.3

35  

0.6

34  

0.2

37  

0.3

91  

Simulation

（normal） 

0.1
90  

0.4
39  

0.3
47  

0.0
78  

0.3
76  

0.5
64  

0.3
27  

0.3
73  

0.3
32  

0.6
13  

0.2
39  

0.4
08  

Simulation

（skewness） 

0.1
24  

0.3
25  

0.3
24  

0.1
31  

0.3
16  

0.5
30  

0.2
93  

0.3
74  

0.4
13  

0.6
78  

0.3
72  

0.3
73  

Table 2 and Table 3 showed that the average，standard deviation, coefficient of 

skewness and first autocorrelation coefficient of the skewness sequence all well 

maintained for the measured one. However the standard deviation and the first order 

autocorrelation coefficient could be maintained and the other parameters varied 

greatly for the measured sequences, such as the average of simulated precipitation in 

September deviated larger from the measured one (see Figure 1), and the coefficient 

of normal sequence deviated largest from the measured one (see Figure 2). The results 

showed that the normal and the measured precipitation sequences didn’t come from 

the same total. But the parameters of normal evaporation sequence remain good, 

except the coefficient of skewness.  

In addition, negative values were found in the simulated sequence of 

precipitation regardless of the normal or skewed distribution. It did not match the 

actual situation. Thus statistic was done for the sum of the negative number and 

negative value in three groups of 100 length simulated sequences. The results were 

shown in table 4. It also could be seen from table 3 that not only the number of 

negative in the skewness sequence was less than in the normal one, decreased by 

nearly 50%, but also the negative sum in the skewness sequence was much smaller 

than the normal one, decreased by nearly 90%. The result showed that precipitation 

sequence should be simulated by the skewness model. 

Table 4. Statistics of the number and the negative sum of the negative in the simulated 

precipitation sequence 

item 
Simulation（normal） Simulation（skewness） 

sample1 sample2 sample3 average sample1 sample2 sample3 average 

Number of the 
negative 

150 138 168 152 67 66 93 75 

Sum of the negative -2676.5 -2800.7 -2776.4 -2751.2 -274.9 -274.6 -439.1 -329.5 
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Figure 1. Comparison of the average of precipitation simulated and measured sequences  
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Figure 2.  Comparison of the coefficient of skewness of precipitation simulated and measured 

sequences  

3.2 Analysis of Irrigation Water’s Frequency Curve  

Through the skewness model, 20 groups of equal length with the measured 

sequence of precipitation and evaporation sequence can be generated. The sequence 

of irrigation water of the winter wheat multiple corns planting type had been 

calculated using the formula (12). Then based on the measured sequence of 

precipitation and evaporation, this paper calculated the measured irrigation water 

sequence using the " " value method. Statistic was done for the data of irrigation 

water by frequency calculation method. Finally, five simulation groups of irrigation 



 

water’s frequency curves were compared with the measured one. The results were 

shown in figure 3. 
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Figure 3.  The frequency curves of irrigation water 

Figure 3 showed that simulated frequency curves fit the measured one good. 20 

groups of equal length with the measured sequence of simulated irrigation water were 

compared with the measured one. The results were shown in table 5 and 6. As can be 

seen from table 5, the average、standard deviation and coefficient of skewness of 

simulated sequences well maintained for the measured one. Table 6 showed that the 

differences between simulated irrigation water sequences and measured one were 

little, and the difference between the maximum and minimum values was from 100 to 

200 mm. If approximatively taking the average of 20 simulated groups as the average 

of total, the measured values of irrigation water were lager than the total’s average 

between the 50% and 90% frequencies. Thus if the scale of irrigation projects was 

determined using the measured sequence, the result could be larger than the actual.   

Table 5.   Statistical parameters of irrigation water simulation sequences and measured values 

sequences 

 
x    sC

 
measured 863.6 242.1 -0.333 

simulation average 865.9 217.8 -0.306 

Table 6.  Comparison of measured and simulated values at different frequencies  (mm) 

frequency measured simulation max min max-min 

25% 670 717 810 636 174 

50% 932 883 942 824 118 

75% 1069 1027 1086 944 142 

90% 1141 1134 1205 1036 169 

95% 1224 1256 1315 1122 193 



 

4   Conclusions 

Precipitation and evaporation of Yuncheng were simulated by the seasonal 

autoregressive model, which considered separately for the normal and skewed 

distribution of precipitation and evaporation. Long series of monthly precipitation and 

evaporation sequences were generated. The simulation results showed that the skewed 

simulation had better agreement with the measured. Then based on the data of skewed 

distribution, this paper established the relations formula of water evaporation and crop 

water requirement, and calculated the crop water requirement. The long series of crop 

irrigation water were obtained through the water balance calculation. Comparing with 

the measured irrigation water, it verified the practicability of the model. The results 

showed that the model was feasible in allowable error. 
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