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Abstract  

The estimation of minimum temperature, maximum temperature, 
humidity and precipitation and all other climatic variables needs  a range of 
models depending on the time scales involved. In this research a comprehensive 
models to generate minimum, maximum temperature and humidity based on 
monthly mean values for TuzKhormatoo  region were developed  for 30 years 
ahead .All these models were depended on a previous  monthly data which were 
documented for the period (10/1978-12/2009). The Stochastic weather generator 
(SWG) models were used to compute the climatic variables by adjusting the 
parameters appropriately for the future climates factors and then by using them to 
estimate  maximum, minimum temperature and humidity .It was concluded from 
this research  that there will be an increase in the monthly mean values of the 
maximum and minimum temperature values  of this region in the future. It was 
concluded also  due to the generation process that there is a need for highly 
correlated climatic variables to build such model . 
 
Keywords: SWG,Stochastic ,L0CC,L1CC,Autocorrelaton . 
 

  )2037-2007(للفترة التغییرات المستقبلیة في مناخ  مدینة توزخورماتو 
  

  الخالصة
البن  اء المتكام  ل للنم  اذج الریاض  یة الت  ي تمث  ل عوام  ل المن  اخ المختلف  ة    أوم  ن المعل  وم ان التخم  ین الحقیق  ي 

في ھذا .  كدرجات الحرارة العلیا والصغرى والرطوبة النسبیة ومعدل االمطار  تحتاج سالسل زمنیة متكاملة
ش ھریة ل  درجات الح رارة العلی  ا   المع  دالت اللتولی د بیان  ات خاص ة ب   البح ث ت  م بن اء نم  وذج ریاض ي متكام  ل   

والصغرى وكذلك مقادیر الرطوبة النسبیة لمدینة توز خورماتو الواقعة جنوب مدینة  كركوك وشمال مدینة 
في تكریت تقریبا  باالعتماد على بیانات موثقة من قبل دائرة االنواء الجویة  في بغداد ودائرة االنواء الجویة  

تخدام طریق ة ال    . )12/2009-10/1978(مدینة ت وز خورم اتو للفت رة الزمنی ة       SWG stochasticت م اس 
weather generation ) (   لتولی  د البیان  ات المس  تقبلیة للعوام  ل المناخی  ة الم  ذكورة بع  د إیج  اد المع  امالت

ت م االس تنتاج م ن خ الل  ھ ذه      . س نة    30الضروریة المشتقة بعد استخدام ھذه الطریقة لفترة زمنیة مق دارھا  
اثاء  الدراسة على زیادة واضحة في المعدالت الشھریة  لدرجات الحرارة العلیا والصغرى   كما تم االستنتاج

إلى ضرورة وجود معام ل ارتب اط ع الي ب ین العوام ل المناخی ة الت ي تتول د          عملیة تولید البیانات المستقبلیة 
  .باستخدام ھذه الطریقة

 
Introduction 
         The historical climate record is 
inadequate due to short or 
incomplete data records. One of the 
major gabs in the design and 
operation of hydrological systems is 

the quantification of uncertainty as a 
result of  climatic variability. The 
stochastic weather 
generators(SWGs) is the most 
commonly used method  to provide 
climatic data for locations were 
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weather data are not routinely 
collected(Johnson et al.1996, as was 
cited by J.Remond et.al.2010). 
      Climatic  data  are frequently 
needed to aid  the design of the  
hydraulic structures, to evaluate 
effects of watershed changes on 
hydrology, water quality or erosion 
or to asses alternative crop or range 
management  strategies. 
Mathematical models of the physical 
processes involved are often used  to 
make these evaluations. In 
addressing the response of these 
processes climatic inputs ,it is  
seldom  sufficient   to examine only 
responses  to observed weather 
events. Use of only observed 
sequences gives  a solution  which is 
based  on only  one realization  of 
climatic process. For some locations( 
such as TuzKhormatooat )no 
climatic data are available to make 
desired assessment . It is  desirable 
to have capability of generating 
synthetic climatic data  with the 
same statistical  characteristics as the 
actual weather at the generating 
sample(Gene-Hua Crystal Ng et.al 
2010 ).   
   In this research , method of SWG 
was used to generate( min,max 
monthly mean  temperature, 
humidity) for TuzKhormatoo region  
near Kirkuk city .TazaKhormatoo 
region   lies on(44º  65¯ N)  and  (34 
º 93¯  E) 220m  S.L south of Kirkuk 
and approximately north of Tikrit 
.The historical data of this region 
was documented on 
(annual,monthly,daily) base for 
different periods, this data were 
arranged after investigation of any 
error records and discarding if any 
exists. 
 
 

Description  of   the generation   
process: 
       The SWG  used in this research  
is based on the well known and 
commonly used 
WGEN(Richardson&Wright 
1984).By using  a number of 
parameters estimated from observed 
data  for  monthly 
(Tmax,Tmin,humidity),The  model 
traditionally generates the monthly  
values of the mentioned variables for 
30 years  ahead  after the process of 
stochastic analysis  for each climatic 
variable. This operation  was  done 
successfully  and then the cross 
correlation between these variables  
in TuzKhormatoo region were found 
and  the corresponding model was 
built by  using the following  
equation : 

)1........(1 iii BAXX ξ+= − . 
This equation was given by Matalas 
as was cited by (R.Srikanthan .et al 
2001), (C.Flecher .et.al 
2010)&(Malika Khalili et al 
2007),where  Xi is a (3x1) matrix 
containing the current monthly 
standardized values of Tmax,Tmin 
and humidity  and Xi-1 is a(3x1)  
matrix containing the previous 
months standardized values of T 
max,Tmin  
and humidity and iξ is a(3x3) 
matrices of independent stochastic 
components  of the same mentioned  
climatic  elements  and A&B are The 
model parameters  given  by:  
 )2.......(1

01
−= MMA . 

)3.....(1
1

010
TT MMMMBB −−= . 

M0   is (3x1) matrix of lag zero cross 
correlation (L0CC) and M1 is(3x3) 
matrix lag one cross correlation  
(L1CC),(R.Srikanthan .et al 2001)& 
(A.G. Birt.et.al 2010).Using the 
above parameters after finding them 
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by using the above eq's led to 
generate a 30 years monthly values 
of Tmax,Tmin  and humidity then 
the  completion of the validation  
operation  on the generated  data was 
done later  as will be described  in 
the next sections  . 
Description of recorded data  
   The recorded  minimum 
temperature ,maximum temperature 
,humidity and rainfall,solar radiation   
data  were documented daily  from  
period 1989-2009while the data for  
period  before were documented for 
monthly base  (Meteorology Office  
in Tuz khormatoo) , (Meteorology 
Office  in Baghdad ) ,(Aldawoody 
2003),there for the monthly mean 
value for all variables were observed 
as shown in figures (1-3) . 
Observed Results 
       The Stochastic weather 
generation  for climatic  variables  as 
it is well known  requires   a brief 
analysis of climatic  variables and  a 
good investigation  about the auto  
correlation between these climatic 
variables in order to ensure the 
success of the operation of the  
generation , this fact was ensured 
due to this research  since the 
analysis was done for   other 
variables rather than  
max,min, temperature  and humidity 
such as precipitation and solar 
radiation  then the auto correlation or 
the cross correlation  between these 
variables were  found and tested,  the 
most correlated  variables were 
found to be the max,min temperature 
and the humidity  in the 
TuzKhormatoo region , Table (1) 
expresses  this fact  by showing the 
correlation  between the  selected 
variables  the shown values in the 
table express the recent time 
correlation  lag zero (L0CC)or M0 
between the variables in the same  

region which is TuzKhormatoo 
(max,min  temperature,humidity)and 
the lag 1 month  correlation (L1CC) 
or M1 between the same variables. : 
Values which are shown in the table 
(1) were used as was explained  in 
the previous section by using  eq's 
(2,3 ) to find the general parameters 
of the TuzKhormatoo region  model 
,these parameters can be used for 
other operations such as  forecasting 
for an other  future periods and back 
casting operation  which means 
estimation the data for the same 
variables for past times  .The 
parameters are shown below :  
A= 

0.3586 0.0657 -0.0046 
0.0820 0.3325 0.0298 
-0.0564 -0.132 0.2266 

     
B=  

0.9100 0.1255 -0.0830 
0.1255 0.9205 -0.0822 
-0.083 -0.082 0.9430 

 
         As was mentioned the above 
parameters were used to generate the  
maximum  ,minimum  temperature 
and the humidity monthly values  for  
TuzKhormatoo  region  for 30 years 
ahead this means the monthly mean 
values for the period (10/2007-
10/2037).The operation was done  by 
using  a suitable computer order to 
generate  a random series for  desired 
period  with  0 mean and standard 
deviation value   equal to 1  .the 
generated series were used with  
addition to the observed parameters 
to describe the real values of the 
maximum, minimum temperature 
and the humidity monthly mean 
values by re-building the mentioned 
variables series taking in the 
consider that the built series must 
reflect the mean and variance of the 
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past time series for each 
corresponding variable  .In the steps 
above it was very important to 
ensure the conformity in the 
statistical properties and statistical 
distributions between the generated 
and actual or recorded  data 
(C.Howe,et al,2005) ,this was  
proved due to some statistical 
tests.The generated series for the 
three climatic variables  are shown  
in figures (4-6). 
The  three generated  models  for the  
maximum  and minimum  
temperature and  the humidity   were 
tested  for validations of these 
models. T-test succeed in all 
generated series. 

F-test    succeed for the 
maximum and minimum temperature 
only. 
           Kolmogorove-Simrnove-test  
for comparing the distributions of the 
each generated variable and the  
recorded one ,succeed  in  
comparison of the max ,minimum  
temperature but failed in comparison 
of the humidity.  
Figures(7-9) show a comparison  
between the recorded and generated 
one of each climatic variables. 
 The monthly mean values of 
maximum and minimum  
temperature   
with the monthly mean values of the 
humidity for the period of  (10/2007 
till 12/2009) were used in the 
validation test (above tests). By 
referring to the above results  it is 
obvious  that  the SWG scheme  was  
capable to reflect the (max,min 
temperature,humidity ) structure for  
the future periods in this region  and 
the model parameters were highly 
sensitive  to  the errors  in the auto 
correlation estimation. 
 

Conclusions : 
1-The generated  scenarios 

of the minimum temperature values 
showed an increase in the monthly 
mean values  about  1.044 (the 
overall mean values were 16.5,17.23 
respectively for the recorded  and 
generated data) while the maximum 
value for the recorded data 
was=36.4,and =35.123 for the 
generated data  also the values of the 
standard deviation were 
respectively=9.82,9.78.But it is 
important to mention  that this 
increasing is so normal since the 
statistical tests which include  a 
comprehensive tests on the  mean 
,variance, over all mean, overall 
variance, indicated to the success of 
the model . 

2-The maximum value of the 
generated maximum  temperature  
value was = 49.67 while for the past 
recorded data was  48 which means 
also an increase of 1.0208 ratio and 
standard deviation values were for 
the generated maximum  temperature 
data was= 9.402,and for  the past 
recorded data =11.13 and the over all 
mean value for the maximum 
temperature were respectively 
=33.59,30.22 for the generated and 
the past recorded data   
this means also an  increase  in the 
maximum  temperature values, 
which is also  so normal due to  the 
high correlation between the 
minimum and maximum temperature  

3- The humidity generation 
show a reduction  in the humidity 
values since the maximum value of 
humidity in the generated series was 
= 49.669,while the maximum value 
in the past recorded data was=94 ,the 
values of the means and standard 
deviation were different also   since 
the standard deviation value for the 
generated data =9.4029while for the 
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past recorded data =17.94, the mean 
values were respectively 
=33.59,40.77. 

4- the  difference or the 
reduction in the monthly mean 
humidity values may be due to  the 
small correlation between the 
humidity and the other two variables 
which are the  maximum and the 
minimum  temperature values which 
were highly correlated. 
Notations 
Max temp: Maximum temperature 
Mintemp:Minimum temperature  
L0CC:lag zero month cross 
correlation  
L1CC: lag one month cross 
correlation 
SWG:Stochastic weather generator  
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Table(1) 
The  L0CC & L1CC between all climatic variables 

Variables Min Tem&it self Min 
Tem&Max 
Temp 

Min 
Tem&Humidity 

L0CC 1 0.3258 -0.2334 
L1CC 0.3811 0.1836 -0.1038 
Variables Max Temp&MinTemp Max Temp&it 

self 
Max 
Temp&Humidity 

L0CC 0.3258 1 -0.236 
L1CC 0.1834 0.3522 -0.0678 
Variables Humidity&MinTemp Humidity 

&Max Temp 
Humidity&It self 

L0CC -0.2334 -0.236 1 
L1CC -0.1524 -0.204 0.271 

 
 

0 100 200 300 400
-5

0

5

10

15

20

25

30

35

40

Time recorded from (1/10/1978-1/10/2008)

M
on

th
ly

 m
ea

n 
   

   
   

M
in

in
im

um
  T

em
pe

ra
tu

re

 
Figure (1) The monthly mean value for minimum   

temperature For (1978-2008)months. 
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Figure (2) The monthly mean value for maximum  temperature 
For (1978-2008)months. 
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Figure (3) The monthly mean value for Humidity as 

  a percentage for (1978-2008)months. 
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Figure (4) The monthly mean value for minimum  
temperature values For (10/2007-10/2037)months. 

 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

     Figure (5) The monthly mean value for maximum  
temperature values For (10/2007-10/2037)months 
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 The generated data
The recorded data

0 50 100 150 200 250 300 350 400
30

40

50

60

70

80

90

Time period for (1/10/2007-1/10/2037)

Th
e g

en
era

ted
 hu

mi
dit
y

mo
nth

ly 
me

an
 va

lue
s

 
 

Figure (6) The monthly mean value for humidity as  
 a percentage for (10/2007-10/2037)months. 

Figure (7) The comparison between  the generated and the past recorded    
monthly mean value for minimum temperature 
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The generated data 
The recorded data
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The generated data
The recorded data

 
Figure (8) The comparison between  the generated and the past         

 recorded    monthly mean value for maximum temperature. 
 
 
 
 
 
 
 
 
 

Figure (9) The comparison between  the generated and the past recorded    
monthly mean value for the humidity values as  a percentage.  
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