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Introduction

Recorded daily weather data are used as climate input in a number of models that continuously
simulate the natural resource systems (Yu, 2003). However, it is sometimes difficult to obtain the
required data, and also to process them simply because they are lacking or unavailable. Weather
generators have been accordingly developed to produce synthetic weather sequences capturing the
essential features of observed weather data needed for running the models. In effect, weather
generators are widely used in hydrological, ecological, and crop-yield modeling frameworks.
CLIGEN (CLImate GENerator), which was first developed as a component of the Water Erosion
Prediction Project (WEPP) (Nicks et al., 1995), is a stochastic weather generator that generates
long sequences of daily precipitation (e.g., the pattern of each rainfall event including its duration,
time to peak, and intensity), maximum and minimum daily temperature, dew point temperature,
solar radiation, and wind speed and direction. CLIGEN has been currently used as a general
weather generator beyond its initial intention in many locations around the world. This research
was thus conducted to examine the efficiency of CLIGEN in generating the weather data in
Sanganeh station in the northeast of Iran.

Methodology

To produce a parameter file for CLIGEN, the researchers collected daily weather data from
Sanganeh station during 2006-2013, and then calculated its monthly statistics. Some properties of
precipitation such as maximum half-hour intensity and time to peak were calculated from 241
storms reported therein. A two-state Markov chain was used to calculate the probabilities
associated with the occurrence of precipitation by calculating two conditional probabilities: a: the
probability of a wet day following a dry day, and B: the probability of a dry day following a wet
day. The two-state Markov chain for the combination of conditional probabilities is as follows:
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Where P (W|D), P (D|D), P (D|W), and P (W|W) are the probabilities of a wet given a dry, dry
given a dry, dry given a wet, and a wet given a previous wet day, respectively (Nicks et al., 1995).
The daily precipitation amount of a wet day is generated using a transformed (skewed) normal
distribution. Statistical parameters related to input data such as mean, standard deviation, and
skewness of daily parameters were also calculated for 12 months. The parameters needed to
generate daily data sequences using CLIGEN were, in turn, calculated from daily records of the 8-
year period for Sanganeh station.

Accordingly, the 100-year sequences of daily data for Sanganeh station were generated using
the same data, and each 100-year sequence was then subdivided into ten 10-year sequences. A long
sequence was indeed divided into subsequences instead of running the generator several times to
produce the 10-year sequences given that CLIGEN uses a pseudo-random number generator. If the
random seed is not changed each time CLIGEN is run, identical sequences are thus created.
Afterwards, the data of the ten sets of generated sequences were compared to those of the observed
records.

The t-test was applied to compare the differences between the observed weather data and the
generated ones. The P-value threshold is generally set to one of the three values of 0.01, 0.05, or
0.10. In order to detect subtle difference levels in this study, all three thresholds were used
including P-value<0.01 as very significant (VSD), 0.01=<P-value<0.05 as moderately significant
(MSD), 0.05=<P-value<0.1 as slightly significant (SSD). In turn, 0.10=<P-value was considered
not to be significant (NSD) (Kou et al., 2007).

Results and Discussion

The results showed that 33% of storms in Sanganeh station were Class-1 type (Figure 1),
indicating that the maximum intensity of precipitation occurred at the beginning of the
precipitation.
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Fig. 1- Distribution of storms based on the class of time to peak

Based on the findings, no significant difference was found between the observed and generated
values (P<1%) for all of the considered climatic variables (Table 1). As such, the ability of CLIGN
to produce mean parameters was found to be very satisfactory.
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Table 1- Mean comparison of the yearly variables in the observed and CLIGEN-generated data
Difference level

Variable

VSD MSD SSD NSD

A yearly total precipitation 0 0 0 12
A yearly number of a wet day 0 0 0 12
A yearly max. temperature 0 0 0 12

A yearly min. temperature 0 0 2 10

The satisfactory efficiency of the CLIGEN weather generator in Sanganeh station is presented
in Table (2).

Table 2. Evaluation of the CLIGEN weather generator in Sanganeh station

Variable NSD-%
A yearly total precipitation 100
A yearly number of a wet day 100
A yearly max. temperature 100
A yearly min. temperature 83.33

Conclusions

The findings revealed that using CLIGEN to generate appropriate long weather data file needed
for the WEPP model would lead to satisfactory results by considering a short local climate data.
However, more research is needed in terms of short time series and climate variability to elucidate
the efficiency of CLIGEN in estimating precipitation in Iran.
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Table 1- Separation of event based on twelve classes
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Table 2- Probability of occurrence states of rainfall based on markov-chain first order at each month

Transmission Month

state 1 2 3 4 5 6 7 8 9 10 11 12
WIwW 045 056 061 047 061 0.00 0.00 033 017 0.62 056 041
D/W 055 044 039 053 039 1.00 1.00 0.67 083 0.38 044 0.59
W/D 0.23 027 019 016 0.15 0.01 0.01 0.01 0.02 0.04 0.26 0.29
D/D 0.77 073 081 084 085 099 099 099 098 096 0.74 0.71

Wl slod g VLo sbye oy Sl @Wle 5 5L
2y &b RS b e sl @bl 0ad a5 g Slanlie
opl b ol 42l dgmg el oo (65 e BB 09,5 VY pa
BN o (gl 05,5 93 diiaS (slod jusio Dyg0 0 g2y
2 oxd Mg g Slalie edly o Gglds day isl o SSD
s (5o 09,5 93 () )0 bl o Y ixe (Sl 09,5 9 oy
329 0l b Al lanlie sled (Sl 1 S 003 a5
Sanlie ool (5Sle o 6l sine M) S0d g5 Ve o
Jod BB (oL eaimd (Lt golis () 2,105 929 005 M5
Slllas o] jd odd a8)3 a5 > claodly adgi jd 58
Al e
@ bgrpe Slllle > yogad 4 )k e Cueal e 4
WS )8 oy )90 jo alale ol p3 e ol (il b
Cawd 4 ol ol 0ad o3l L (F) g o o) ol &8 sl
ipmalgs 9 ST ¢ 0 ol jo 4 lmole yiST )3 a8 amd o L5 ool
S b et il 0l g g Shalie saodly (e
olo 13 3939 oyl b3yl gz gl (615 sime OIS g sl
glaw 3 048 35 (slaodls jlog)S 53 (ile (o0 olo (im oy

D/ID 4 W/D DIW WIW &5 gz Jlis! e¥laas] gl
SB55 )lo 02255 oll 32 &5 ()1 €98 jgy e sl olo 2 5
B (7) Ui 5 o0 duolos il oSt (clyy Jsl 4y
A aSs) Jless] 45 a0 i oel Cowd 4 ol sl o
2 E) K00 S o) S (0Bl ) S gy S
sole am )by slaole > .l Hlade oy iy Wole plas
599) oy s 5 ot o5 Mol o 5,551 5 o G
osim L5 5033 Yl 103 & (6,505 cogose iy (il Lol m
Cudy @By ©)go a4yl o0k Al adate 3 & ol ()
Ao ol Gile g Jlesl Wlgs o aS 030> 7y wb yu

R I )3 g oud dnale 55 bapusite ol 4 bgaye polie
w59, cloodls (y3lS (gl 2l b oo 5 48,5 1,3 * PAR cuo b by
el 005 155 s Ve

e O3S L ead ag sl e Al Jobs il
clod g dini slod 5 VLo gl e 53, 3 Lo s Jlaie
Cud (glaoygd 5 5l S yo gl (Bly (glaosly b 5Vl aieS
st 93 303 ) s Jla 53 (Lt T) T g0l 5 o0litol by alls
oSl 3o oalio & LSilan usl o all) (1)



DOI: 10.22055/JISE.2021.21249.1529

\Y¥

0 sn 2L bl Gl 5 Gl (ule

bwgs 008 g glaodls jlog )3 slaz 5 jui (w235k olo) eelss
hanlie 0303 (S0 ) 5L sl ol Slin o 305 g
5085 AJgi 0ald 1 Sile MBS prdasw cCuwl 0359 595 b HlLie

Ll 485 13 SSD s MSD 04,5 5 Jlialie

oxd Mg i)b (ke W58 oo 5,8 SSD s MSD (M|
2 el Glamliio ()l (ke 5l sy Yl 0935 93 el )3
g5 031y 09,5 WY jl 09,5 S 1Sk s (w20 olo) ST ole
09,5 oyl 5 @yl Slaalie ooy Sle b Sl OS] o
olo Jw\)l.i‘_;d dl).bl.o.wo e )Lof o ,\Jy odly u:i’l“’

O3 b oud udgl 9 Jludlin (Sl o 4Vl xS dwlio -1 Jou>
Table 3- Comparison of means of yearly variables between observed and CLIGEN generated data

Variable

Difference level

VS

Yearly total precipitation
Yearly number of wet day
Yearly max. temperature
Yearly min. temperature

0

0
0
0

D MSD SSD NSD
0 0 12
0 0 12
0 0 12
0 2 10

O3 b owd w9 Fladlin bob slude Slale uSle dwlis - Jou
Table 4- Comparison of means of monthly total precipitation between observed and CLIGEN
generated data

Month

Difference level

VSD MSD SSD NSD
January 0 0 0 12
February 0 0 0 12
March 0 0 0 12
April 0 0 0 12
May 0 1 1 10
June 0 0 0 12
July 0 0 0 12
August 0 0 0 12
September 0 0 0 12
October 0 0 1 11
November 0 2 2 8
December 0 0 0 12

SIS ol 50 U3l Wae 21 o -0 Jgu
Table 5- Assessing of efficiency of CLIGEN generator in the Sanganeh station

Variable NSD-%
Yearly total precipitation 100
monthly total precipitation 95.14
Yearly number of wet day 100
Yearly max. temperature 100
Yearly min. temperature 83.33
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