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ABSTRACT  
In recent years, climatic changes have had a greater impact on the hydrological cycle, leading to continuous 

changes in climate on both temporal and spatial scales. Therefore, this study aimed to verify the credibility and 

homogeneity of the data, so when conducting any study in the field of climate and hydrological change, the homogeneity 

of the data used must be tested. In the current study, eight climatic stations distributed in Nineveh Governorate were 

selected, using climatic data represented by (rainfall, maximum and minimum temperatures, and maximum and minimum 

humidity) for the time period 1990-2020. Four statistical methods were used, namely, Von Neumann test (VONT), 

Standard Normal Homogeneity test (SNHT), Buishand test (BRT) and the Pettitt test at a significance level of 5%. The 

results showed that the monthly rainfall was homogeneous for all stations except for three months (2, 2, 11) for the 

stations of Tal-Abta, Ba’aj, and Al-Sheikhan. As for the temperature and humidity, they were heterogeneous for most of 

the stations, as the percentages for months that were heterogeneous in temperature reached 35% and 42% for the 

maximum and minimum, respectively. As for the humidity, the percentage of the heterogeneous months were 18% and 

14% for the maximum and minimum, respectively. The study showed that the SNHT and VON tests are the most sensitive 

to the breakpoint and the Pettitt test is the least sensitive in most tests. The heterogeneous climatic data were also 

corrected by using the double mass curve method and converted into homogeneous climatic data. 
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Homogeneity test; Von Neumann test; Standard Normal Homogeneity test; Buishand test; Pettitt test; double 
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1. INTRODUCTION  

The hydrological cycle is impacted by 

climate change through various factors such as 

rising temperatures, increased evaporation rates, 

and the atmosphere's ability to hold moisture. 

These climate fluctuations also lead to extreme 

events that have significant social and economic 

consequences. As a result, precise and dependable 

climate data is crucial for climate assessment, 

modeling, and forecasting. Homogeneous time 

series of climate data are particularly vital for 

hydrological and climatic studies. Accordingly, 

this data must be subjected to a homogeneity test 

before each study in the fields of water resources, 

hydrology, and climate change, so that the 

scientific findings are correct. The changes 

occurring in the time series, whether in their rates 

or variations, may be due to the transfer of the 

station, the monitoring methods, and the 

techniques used in measurement. These factors 

can potentially lead us to draw incorrect 

conclusions [1]. There is no doubt that a 

heterogeneous data set does not give reliable 

results in statistical analyses, therefore, it is 

necessary to ensure the homogeneity of the time 

series by doing some statistical methods to obtain 

accurate data for climate studies and weather 

forecasts [2]. The relative method was relied upon 

to find the missing value, and this method gives 

good results due to its reliance on neighboring 

stations, especially in the case of a large 
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correlation between the candidate station and a 

sufficient number of neighboring stations [3]. 

There are many studies conducted in the 

Middle East, including: [4] It was found that 

examining the reliability of the annual rainfall 

series in Iraq for the time period from 1981 to 

2010 for 36 stations using SNHT, BR, Pettitt and 

VON tests. The results showed that 70% of the 

stations were homogeneous at a significance level 

of 5%, and the results of only two stations were 

doubtful and three stations were rejected. In 

Turkey, [5] conducted their study based on the 

SNHT, Pettitt and Swed-Eisenhart tests to detect 

heterogeneity in the average annual temperatures 

of data taken from 267 meteorological stations for 

the time period 1968-1998. After substituting the 

missing values and running the tests, the 

researchers noted that the SNHT and Pettitt tests 

are more sensitive in identifying heterogeneity. In 

a study conducted by the two researchers [1] to 

show the reliability of the climatic data of the 

monthly rain series for 160 stations in Turkey for 

the period from 1974 to 2014 by adopting the four 

homogeneity tests, the researchers found that 5 

(44) stations were rejected (non-homogeneous) 

out of 160 stations. The researchers also revealed 

the percentage of heterogeneity was (16%, 8%, 

14%, 16%) for the (SNHT, BR, VON, Pettitt) 

tests, respectively. The researchers [6] relied on 

the four homogeneity tests to detect heterogeneity 

in the annual rain series of 20 meteorological 

stations in Iraq for the period 1981-2010, and the 

test results showed that 5% of the stations are 

doubtful, 45% are suspect, and 50% are useful, 

and the researchers showed that the years 1998 

and 1999 constitute 28% of the years of breaking 

and 21% for the year 1997, while the percentage 

of 51% of the years of breaking was found 

between the years 1991-2004. Also in Iraq, the 

researchers [7] conducted their study on the 

monthly rain series for 13 meteorological stations 

for the period 1970-2010 using the (pettitt and 

BR) tests, the researchers concluded that there is 

homogeneity in most of the stations, in addition to 

not discovering the breakpoint in the pettitt test, 

while the Buishand test indicated that there is a 

breakpoint only in the Karbala station in March 

1998, The researchers conducted a correction 

process for the heterogeneous data using the 

Double Mass Curve method. [8] concluded after 

conducting an examination of the four 

homogeneity tests of the rain series for 18 

meteorological stations in Iraq for the period from 

1981 to 2018, that only two of the stations were 

doubtful and 16 stations were useful. Also, [9] 

showed that after they conducted the four 

homogeneity tests (VON, Pettitt, Buishand and 

SNHT) of the rain series and the monthly and 

annual temperatures at a significance level of 5% 

for 9 stations within Kurdistan, Iraq for the period 

from 1981 to 2020, the results of the tests for the 

monthly rain series were homogeneous in most of 

the stations. As for the monthly temperatures, 

most of the stations were heterogeneous. 

The study aims to detect the homogeneity 

characteristics of the monthly climatic data series 

for the time period 1990-2020 for selected 

meteorological stations in Nineveh Governorate/ 

northern Iraq using four Von Neumann ratio test, 

BR, Pettitt, SNHT tests. As the main reason for 

conducting this research is due to the need to find 

reliability in rainfall data, maximum and 

minimum temperatures, and maximum and 

minimum humidity for the Nineveh Governorate, 

as was mentioned above, most researchers relied 

in their studies on annual or seasonal time series 

in conducting the homogeneity test. While the 

current study will rely on monthly data, it will 

also involve testing other climatic factors, 

including maximum and minimum temperature, 

as well as maximum and minimum humidity. 

 

2. Study location and climatic data: 

Nineveh Governorate is located in the 

northwest of Iraq, with an area of (32,308 square 

kilometers) between longitudes (41° 25' 44° 15') 

and latitude (34° 15' 37° 30'), as shown in Figure 

1, this region is characterized by climatic 

diversity. 

Monthly climatic data on rainfall were 

obtained for eight meteorological stations, six of 

which (Mosul, Rabia, Tal Afar, Sinjar, Tal Abta, 

Ba’aj) were obtained from the General Authority 

for Meteorology and Seismic Monitoring/Iraqi 

Ministry of Transportation, and two (Sheikhan 

Al-Hamdaniya) were from the Nineveh 

Agriculture Directorate. The other climatic data 

represented by the maximum and minimum 

temperatures and the maximum and minimum 

humidity for six meteorological stations (Mosul, 

Rabia, Tal Afar, Sinjar, Tal Abta, Ba’aj), were 

also obtained from the General Authority for 

Meteorology and Seismic Monitoring. 

 

3. Estimate the missing climate data 

Hydrological studies require a long and 

complete set of climatic data for a successful 

study. The climate data record of the 

meteorological stations in the study area (Nineveh 

Governorate) contains missing data, as shown in 

Table (1). Data loss in time series is the most 

common problem in scientific studies. Therefore, 

it is necessary to estimate these missing data by 

following statistical methods to complete the 
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scientific study. In this study, the Arithmetic 

Mean and  Normal Ratio Methods were used:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1  Locations of meteorological stations  

in Nineveh Governorate 

 

Table 1: Percentage of missing data in monthly 

time series for climate factors in Nineveh weather 

stations. 

 

Station 
Station 
number 

Missing Data (%) 
1990-2020 

rain 
T 

Max 
T 

Min 
RH 

Max 
RH 
Min 

Mosul 40608 0.8 7.5 7.5 6.9 6.9 

Rabia 40602 22.8 61.8 59.9 22.3 20 

Tal-Afar 40603 16.9 18.5 19 17 17 

Sinjar 40604 25 30 31.9 26.6 26.6 

Tal-Abta 40609 40 42.2 42 35.2 35.2 

Ba’aj 40610 31.4 44.3 40 31.4 31.4 

Sheikhan - 16.6 - - - - 

Hamdaniyah - 15 - - - - 

Note: T: temperature, RH: humidity. 

 

3.1. Arithmetic Mean Method 

This method is used to find the missing 

value when the annual rainfall rate in the 

neighboring stations is within the limits of 10% of 

the annual rainfall rate in the station where the 

missing values are to be found. It is calculated by 

the following equation [9]: 

 

 

𝑝𝑥 =
1

𝑚
∑ 𝑝𝑖

𝑚
𝑖=1   ……. (1) 

 

where: 

px: the missing value to be estimated at station 

(x). 

Pi: Rainfall value measured at nearby stations. 

M: the number of nearby stations. 

 

 

3.2. Normal Ratio Method 

This method is adopted when the annual 

rainfall rate in the neighboring station exceeds 

10% of the annual rainfall rate in the station in 

which the missing values are to be calculated, 

according to the following equation [9]: 

 

𝑝𝑥 =
1

𝑚
∑ (

𝑁𝑥

𝑁𝑖
)𝑚

𝑖=1 𝑝𝑖    ……. (2) 

 

where: 

px: the missing value to be estimated at station 

(x). 

Pi: Rainfall value measured at nearby stations. 

m: the number of nearby stations. 

Nx: annual rainfall rate at the estimated station. 

Ni: annual rainfall rate at the nearby station. 

 

Homogeneity test 

In this study, we relied on four widely 

used homogeneity tests on climatic data, which 

are Buishand, Von Neumann, SNHT and Pettitt at 

a significance level of 0.05. As the records of 

rainfall, maximum and minimum temperatures, as 

well as long-term maximum and minimum 

humidity for 31 years were analyzed. One of the 

most important characteristics of these tests is that 

they complement each other. As the Buishand, 

SNHT and Pettitt tests examine whether there is a 

leap in the time series by defining the breakpoint. 

The Von Neumann test assumes that the series is 

not randomly dispersed, and it does not give 

information about homogeneity. These tests are 

based on the Null Hypothesis (H0) and the 

Alternative Hypothesis (H1). 

 

4.1. Pettitt Test 

This method is non-parametric, it was 

adopted by the scientist [10] to discover the point 

of change in the middle of the time series on a 

monthly or annual scale. This test is based on the 

null hypothesis, which considers that the data are 

independent and randomly distributed, and this 

means that the data follow the same distribution. 

As for the alternative hypothesis, it shows us that 

a sudden change has occurred. The following is 

the methodology used in this test: 

 

1. The observations (X) are rank from 1 to N (i.e. 

X1, X2… XN) 

2. The value of Vi is estimated from: 

Vi=N+1-2Ri      i=1,2,3,……,N.     ……. (3) 

Ri is the rank of Xi in the sample of N 

observations. 

3. The value of Ui is estimated from: 

 

Syria 

Tal-Afar 

Sinjar 

Ba’aj Tal-Abta 

Mosul 

Sheikhan 

Hamdaniyah 

Turkey 

Saudi Arabia 

Iran 

Meteorological Stations 

Rabia 
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Ui=Ui-1+Vi        ……. (4) 

U1=V1               …..…. (5) 

where: 

Vi, Ui: Arithmetic variable. 

4. The Value of KN is: KN=max 1<i<N │Ui│ . (6) 

5. The value of POA is estimated from: 

𝑃𝑂𝐴 = 2𝑒
(−

6𝐾𝑁
2

(𝑁3+𝑁2)
)
     ……. (7) 

 

The null hypothesis is rejected when the 

value of POA is less than α, where α is the 

significance level. 

 

4.2. Standard Normal Homogeneity Test 

(SNHT) 

This test, which was developed by [11], is 

considered one of the most important 

homogeneity tests that are used frequently in 

climate studies. It is a flexible and easy-to-use 

method and is similar to the Pettitt test in the null 

hypothesis. It detects the change at the beginning 

or end of the time series. It is calculated as 

follows: 

 

𝑇(𝐾) = 𝐾𝑧̅
2
1

+ (𝑛 − 𝑘)𝑧̅
2
2

   ,k=1,2,…..n.   .. (8) 

where:  

𝑧1̅ =
1

𝑘
 
∑ (𝑌𝑖 − �̅�)𝑘

𝑖=1

𝑠
 

and 

𝑧2̅ =
1

𝑛 − 𝑘
 
∑ (𝑌𝑖 − �̅�)𝑘

𝑖=𝑘+1

𝑠
 

 

If the break is located at point K, T(k) reaches its 

maximum value at k = K, then to find the value of 

T0 from the following equation: 

 

To=max (T(k))      for 1≤k<n      ……. (11) 

The test statistic, Tc was calculated: 

𝑇𝑐 =
𝑛(𝑇(𝑛))2

𝑛 − 2 + (𝑇(𝑛))2
     … … . (12) 

Where 

�̅�: Arithmetic mean of the Yi value. 

s: Standard deviation. 

To, Tc: Arithmetic variable. 

 

The null hypothesis is rejected when the 

value of T0 is greater than the critical value. 

4.3. Buishand test 

In the Buishand test [12], it is assumed that 

the data are normally distributed, that is, the data 

distribution is independent and random according 

to the null hypothesis.This test is sensitive to 

intervals in the middle of the time series. It is 

calculated as follows: 

 

𝑆0
∗ = 0, 𝑆𝑘

∗ = ∑ (𝑥𝑖 − �̅�)𝑘
𝑖=1 , K=1,2,……,N.   .(13) 

 

Where: 

Xi : time series values. 

x̅ : series data rate. 

K: The Number of times breakpoints has 

occurred. 

 

Rescaled adjusted partial sum is obtained by 

dividing the , 𝑆𝑘
∗ by the standard deviation 

𝑆𝑘
∗∗ =

𝑆𝑘
∗

𝐷𝑥
    , k=1,2,….,N.     ……. (14) 

 

Dx = √
∑ (xi−x̅)2𝑁

𝑖=1

N
   ……. (15) 

The statistic Q is used for homogeneity test: 

𝑄 = 𝑚𝑎𝑥0≤𝑘≤𝑁|𝑆𝑘
∗∗|     ……. (16) 

Where: 

Dx: standard deviation . 

Q, 𝑆𝑘
∗∗: Arithmetic variable. 

 

The null hypothesis is accepted when the 

value of (Q/√𝑁) is less than the critical value 

[12]. 

 

4.4. Von Neumann ratio test 

This test is based on the null hypothesis 

[13]. It differs in that it considers that the data are 

not randomly distributed and according to the 

alternative hypothesis, the time series is randomly 

distributed. In addition to the test's inability to 

determine the point where the homogeneity is 

weak, i.e., the breakpoint. In this test, VON 

describes the mean squared proportion of the 

difference of the variance in a series. 

 

𝑉𝑂𝑁 =
∑ (𝑌𝑖 − 𝑌𝑖+1)2𝑛−1

𝑖=1

∑ (𝑌𝑖 − �̅�)2𝑛
𝑖=1

      … … . (17) 

 

Where: 

Yi: current variable. 

Yi+1: later variable. 

 

The critical values for this test are given in 

[14]. If the calculated VON value exceeds the 

  ……. (9) 

  ……. (10) 
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critical N value, the H0 hypothesis is considered 

homogeneous. 

4. Homogeneity test classification 

According to [15], the results obtained 

from the four tests are classified into three 

categories: 

1. Useful: zero or one test of the null hypothesis 

are rejected at a significance level of 5%. 

2. Doubtful: two tests of the null hypothesis are 

rejected at a significance level of 5%. 

3. Suspect: three or four tests of the null 

hypothesis are rejected at a significance level of 

5%. 

 
5. Double mass curve analysis 

The double mass curve method is used to 

convert inhomogeneity time series data, that is, 

doubtful or rejected data, into homogeneous data. 

It should be noted that errors in climate data occur 

randomly or systematically. As the error is 

considered random in the case that the reading is 

taken incorrectly. As for the occurrence of a 

systematic error, is due to a change in the location 

of the station or a misunderstanding of the 

measuring instrument [16]. 

This technique is widely used to detect and 

correct inhomogeneity time series and convert 

them into homogeneous series that have one slope 

only. The work of the double mass curve method 

is based on correcting the time series in the case 

that more than one slope appears. As it is 

adjusting the data before the breakpoint with the 

data after the breakpoint by multiplying or 

dividing it by the slope ratio. The climatic data is 

corrected by calculating the cumulative rainfall of 

the data of neighboring stations (∑ 𝑃av) and also 

calculating the cumulative total of the station to 

be corrected (∑ 𝑃x) which is calculated through 

the following relationship [9]: 

 

𝑀𝑐 =
𝑐

𝑎
 𝑀𝑎     . . … . (18) 

 

Where: 

Mc: Adjusted climatic data. 

Ma: Observed climatic data to be 

corrected. 

c: the slope of the curve to be Adjusted 

a: slope of the curve at the observed data. 

 

 

6. Results and discussion 

In this study, the homogeneity test was 

conducted after finding the missing values of the 

monthly climatic data (rainfall, maximum 

temperature, minimum temperature, maximum 

humidity, minimum humidity) for selected 

stations in Nineveh Governorate / northern Iraq, 

for the period from 1990 to 2020. The monthly 

time series was examined by adopting four 

homogeneity tests (VON, Buishand, SNHT, 

Pettitt). The results of the homogeneity test of the 

monthly rain series showed the presence of 

homogeneity in most of the stations, so the 

stations (Mosul, Tal Afar, Sinjar, Rabia and Al-

Hamdaniya) were homogeneous for all months of 

the year except for the other stations, which were 

inheterogeneous for the months 2, 2, 11 at Tal 

Abta, Ba’aj, Al-Shekhan stations are doubtful, as 

shown in table (2). This agrees with the results 

obtained in previous studies [8] of the 

homogeneity of data in Mosul and Sinjar stations, 

with the exception of Tal Afar for the month of 

May, this is due to the difference in the time 

series, while there is clear agreement through the 

results obtained by [3]. 

As for the homogeneity test of the monthly 

temperatures, the maximum temperatures were 

heterogeneous in most stations. As the percentage 

of heterogeneous months reached 35%, of which 

76% were doubtful and 24% were suspected, 

based on this, the percentage of heterogeneity was 

(8%, 32%, 28%, 32%) for the months of winter, 

spring, summer and autumn, the SNHT test was 

the most sensitive in detecting the turning point, 

shown in the table (3). As for the minimum 

temperatures, it was noted that there is a 

significant change in the time series of most 

stations, as the results showed a rejection of the 

data, especially at the Mosul station, and the 

percentage of heterogeneous months was 42%, of 

which 84% were rejected and 16% were doubtful. 

The seasonal heterogeneity in monthly data was 

evident, with percentages of (6%, 27%, 37%, 

30%) observed for winter, spring, summer, and 

autumn months respectively, as displayed in 

Table (3). 

The results of the homogeneity 

examination of the maximum monthly humidity 

were doubtful for a few months. As it reached 

62%, which is equivalent to 8 months out of 13 

heterogeneous months. As for the minimum 

humidity, the results showed that Tal Abta station 

had useful data, and that the number of 

heterogeneous months was very small, as it 

reached 10 months out of 72 months and the 

percentage of doubtful months reached 80%. 

Likewise, the summer months were the most 

heterogeneous, as they reached 40% of the 

heterogeneous months, and the Buishand test is 

the most revealing of the turning point in the data 
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of the maximum and minimum humidity, as 

shown in the tables (4,5). 

In the end, the tests were repeated on the 

heterogeneous months (doubtful and suspect) 

after making an adjustment to them by following 

the double mass curve analysis, and the results 

showed the homogeneity of all the modified 

months. Figure (2) shows models of the four 

homogeneity tests for the time series before and 

after the correction, for example, at Al-Sheikhan 

station for the month of November, the rate 

(mu1=118.5, mu2=43.7) for the rain series for the 

year of stopping 1994 before the correction, and 

the average after the correction became 

(mu=53.4) the average maximum temperature of 

Sinjar station in June before the correction was 

(mu1=31.5, mu2=32.5) for the year of stopping 

2015, and after the correction it became equal to 

32.17. As for the minimum temperature in Mosul 

station for the month of April, the average was 

(mu1=10.3, mu2=12.2) for the year of stopping 

1999, and after correction it became equal to 11.7. 

As for the maximum humidity at the Ba’aj station 

for the month of July, the year of stopping for the 

SNHT test was 2014, with an average of 

(mu1=66.7, mu2=46.93). Finally, the average 

minimum humidity at Tal Afar station for the 

month of May and for the year of stopping 1998 

was (mu1=12.1, mu2=6.7) and after correction it 

became equal to 7.2.  

Finally, this paper holds significant value 

for meteorological and hydrological researchers. 

The utilization of dependable climate data in 

studies leads to precise and credible scientific 

outcomes that aid in evaluating climate 

fluctuations. The Nineveh Governorate is 

recognized as one of the most impacted areas in 

Iraq due to the surge in water requirements caused 

by population expansion, economic progress, and 

intensive farming practices. Furthermore, the 

recent high temperatures have also affected the 

hydrological cycle, making this study even more 

relevant. 

 
7. Conclusions 

 In this paper, the homogeneity test was 

applied to eight meteorological stations in 

Nineveh Governorate during the periods from 

1990 to 2020 based on climate factors (rainfall, 

temperature and humidity). The four tests SNHT, 

Pettitt, Buishand and Von Neumann were used at 

the 5% significance level to detect 

inheterogeneity and breakpoints. The following 

conclusions were drawn from the results 

achieved: 

1. The results of the tests for the monthly rainfall 

series showed homogeneity of the data, especially 

for the stations (Mosul, Rabia, Tal Afar, Sinjar, 

and Al-Hamdaniya) and heterogeneity for very 

limited months for the rest of the stations. 

2. Regarding the results of the tests for temperature 

and humidity, it was found that there is 

heterogeneity in the temperature data for most of 

the stations. As a result, many months exhibited a 

state of heterogeneity (doubtful, suspect), 

especially Mosul station. As for the humidity, the 

results were more reliable than the temperatures, 

as heterogeneity appeared for a few months, 

including the summer months, at almost all 

stations. 

3. The results of the tests showed that VON and 

SNHT were the most sensitive in detecting 

heterogeneity in the monthly climatic data, 

although the VON test does not detect the turning 

point. 

4. The findings indicated that the Pettitt test exhibits 

lower sensitivity in identifying heterogeneity 

when compared to other tests. 

5. The SNHT is more effective in detecting breaks at 

the start or end of a time series than other tests, 

and these results are consistent with the study 

they were conducted by [3]. 

6. It also shows us that the results of the 

homogeneity test of the monthly rains series are 

more objective and reliable than the homogeneity 

test of the seasonal time series, because this leads 

to the emergence of heterogeneity in the 

examination more accurately. 
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Station 
Station 

number 
months 

Test statistic with break year Test statistic Doubtful & 

Suspect 

&  Useful 

Pettitt's 

(K) 
SNHT (To) Buishand's (Q) 

von 

Neumann 

Mosul 40608 

3 1998 (126) 1998 (7.74) 1998 (6.8) 7.22 D 

5 1993 (81) 1993 (16.2) 1993 (6.73) 1.168 D 

9 2014 (128) 2014 (12.47) 2014 (7.87) 1.59 D 

Rabia 40602 

5 1993 (81) 1993 (17) 1993 (6.9) 1.122 S 

6 1996 (120) 1996 (11.1) 1996 (7.42) 1.165 S 

9 2014 (126) 2014 (12) 2014 (7.7) 1.51 D 

10 2004 (138) 2015 (5.5) 2004 (5.3) 1.263 D 

Tal-Afar 40603 

2 2008 (117) 1993 (9.6) 1998 (6.7) 1.161 D 

4 2005 (121) 2005 (6.6) 2005 (7.2) 1.345 D 

5 2013 (103) 1993 (15.1) 1993 (6.5) 1.022 D 

8 2009 (127) 2013 (8.7) 2009 (7) 1.797 D 

9 2014 (138) 2014 (17.3) 2014 (9.2) 1.082 S 

10 2001 (109) 2014 (11.7) 2014 (7.6) 0.923 D 

Sinjar 40604 

5 1994 (82) 1993 (16.5) 1993 (6.8) 1.007 S 

6 2005 (145) 1996 (11.5) 1997 (7.6) 1.347 S 

8 2005 (129) 1997 (9.4) 2005 (7.68) 1.706 D 

9 2006 (126) 2014 (12) 2009 (8) 1.542 D 

Tal-Abta 40609 

5 2010 (84) 1992 (9.57) 2010 (4.69) 0.865 D 

7 1995 (59) 1992 (15.1) 1992 (5.4) 0.745 D 

8 1997 (63) 1992 (14.7) 1992 (5.3) 0.809 D 

9 2013 (79) 1992 (12.76) 1992 (4.9) 0.805 D 

Ba ’aj 40610 

2 1998 (126) 1993 (10.26) 1998 (7.36) 1.098 D 

5 1994 (86) 1993 (15.4) 1994 (6.5) 0.943 D 

7 1995 (105) 1995 (7.7) 1995 (5.7) 1.400 D 

9 2013 (123) 2014 (13.1) 2013 (8.12) 1.369 S 

Station 
Station 
number 

months 

Test statistic with break year Test statistic 
Doubtful 

& 
Suspect  

&  Useful 

Pettitt's 
(K) 

SNHT (To) 
Buishand's 

(Q) 
von 

Neumann 

Mosul 40608 - - - - - useful 

Rabia 40602 - - - - - useful 

Tal-Afar 40603 - - - - - useful 

Sinjar 40604 - - - - - useful 

Tal-Abta 40609 2 2007 (76) 2018 (8.88) 2018 (4.14) 1.038 D 

Ba’aj 40610 2 1997 (87) 2019 (10.7) 1997 (4.19) 1.4 D 

Sheikhan - 11 1994 (80) 1994 (8.2) 1994 (5.42) 1.055 D 

Hamdaniyah - - - - - - useful 

Table 2: The homogeneity test results for the rain series. 

 

Note: bold refers to inhomogeneity at the 5% significance level. 

 

 
Table 3: The homogeneity test results for the maximum temperature 

series. 

 

Note: bold refers to Inhomogeneity at the 5% significance level. 
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Station 
Station 
number 

months 

Test statistic with break year 
Test 

statistic 

Doubtful 
& 

Suspect  
&  

Useful 

Pettitt's 
(K) 

SNHT (T0) 
Buishand's 

(Q) 

von 
Neumann 

Mosul 40608 

2 2003 (138) 2002 (8.5) 2003 (8) 1.793 S 

3 2005 (173) 2000 (13.4) 2000 (9.6) 1.455 S 

4 1999 (140) 1999 (9.2) 1999 (7.76) 1.930 S 

5 2004 (185) 2004 (14.8) 2004 (10.6) 0.843 S 

6 2006 (158) 1997 (10.7) 2006 (8.89) 1.022 S 

7 1997 (118) 1997 (9.6) 1997 (7.3) 1.317 S 

8 2004 (161) 1997 (13) 2004 (9.1) 0.920 S 

9 2005 (199) 2006 (15.23) 2006 (10.8) 0.883 S 

10 2001 (152) 2001 (10.26) 2001 (8.6) 1.67 S 

11 2011 (132) 2011 (9.9) 2011 (8.05) 1.828 S 

Rabia 40602 

1 1993 (81) 1993 (12.8) 1993(5.9) 1.170 D 

5 2005 (163) 2005 (10.5) 2005 (9.047) 1.204 S 

6 2005 (153) 2005 (9.2) 2005 (8.4) 1.250 S 

8 2005 (135) 2014 (8.05) 2005 (7.6) 1.242 S 

9 2006 (168) 2014 (13.24) 2006 (8.9) 1.027 S 

Tal-Afar 40603 

3 2000 (145) 2000 (9.6)  2000 (8.1) 1.745 S 

5 2004 (143) 1993 (11.4) 2004 (8.2) 0.751 S 

6 2005 (153) 1996 (12.4) 2005 (9.2) 0.912 S 

8 2004 (141) 1997 (10.94) 2004 (8.49) 1.200 S 

9 2006 (172) 2006 (12.47) 2006 (9.81 1.132 S 

Sinjar 40604 

5 2005 (110) 1993 (16.6) 1993 (6.8) 0.891 D 

6 2005 (178) 1996 (12.0) 2005 (9.37) 1.041 S 

8 2005 (139) 2005 (8.27) 2005 (8) 1.418 S 

9 2006 (155) 2014 (17.43) 2009 (9.57) 0.959 S 

Tal-Abta 40609 
9 2005 (161) 2009 (9.7) 2009 (8.3) 1.799 S 

11 2011 (133) 2011 (8.5) 2011 (7.48) 2.100 D 

Ba’aj 40610 

5 2005 (92) 1993 (7.9) 2005 (6) 1.022 D 

6 2005 (160) 2005 (10.7) 2005 (9.13) 1.423 S 

8 2005 (151) 1997 (10.48) 2005 (8.9) 1.287 S 

9 2006 (167) 2009 (11.85) 2006 (9.4) 1.164 S 

Note: bold refers to inhomogeneity at the 5% significance level. 

 

 

Table 4: The homogeneity test results for the minimum temperature 

series. 
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Station 
Station 
number 

months 

Test statistic with break year 
Test 

statistic 

Doubtful 
& 

Suspect  
&  Useful 

Pettitt's 
(K) 

SNHT (T0) 
Buishand's 

(Q) 
von 

Neumann 

Mosul 40608 4 1999 (169) 1999 (7.7) 1999 (7.1) 1.703 D 

Rabia 40602 

1 2008 (116) 2008 (6.2) 2008 (6.8) 1.700 D 

5 2003 (136) 2008 (9.5) 2008 (8.4) 1.166 D 

7 2016 (93) 2018 (8.8) 2016 (5.2) 1.186 D 

8 2004 (128) 2017 (8.3) 2007 (7.3) 1.391 S 

9 2011 (136) 2014 (11.4) 2011 (8.2) 1.011 S 

Tal-Afar 40603 1 2006 (112) 2016 (7.6) 2006 (6.9) 1.853 D 

Sinjar 40604 8 2005 (133) 2007 (6.3) 2007 (6.9) 1.209 D 

Tal-Abta 40609 
4 2003 (163) 2007 (8.2) 2007 (7.9) 1.843 D 

9 2013 (140) 2014 (9.8) 2012 (7.4) 1.659 D 

Ba’aj 40610 

6 2012 (127) 2015 (15.3) 2015 (8.1) 1.025 S 

7 2014 (142) 2014 (16.2) 2014 (8.9) 0.495 S 

8 2012 (141) 2012 (10.9) 2012 (8.1) 1.414 S 

Station 
Station 
number 

months 

Test statistic with break year Test statistic Doubtful 
& 

Suspect  
& Useful 

Pettitt's 
(K) 

SNHT (T0) 
Buishand's 

(Q) 
von 

Neumann 

Mosul 40608 
8 2008 (131) 2008 (7.9) 2008 (7.7) 1.790 D 

12 1994 (90) 1994 (8.6) 1994 (5.5) 0.998 D 

Rabia 40602 8 2001 (105) 2013 (9.1) 2011 (7.1) 2.209 D 

Tal-Afar 40603 

4 2003 (119) 2018 (8.5) 2003 (5.9) 1.158 D 

5 1998 (154) 1998 (11) 1998 (8.2) 1.515 S 

6 1998 (161) 1998 (10.5) 1998 (7.9) 1.788 D 

12 1997 (135) 1994 (12.1) 2000 (8.2) 1.142 S 

Sinjar 40604 7 2004 (164) 2008 (9.6) 2004 (8.6) 1.185 D 

Tal-Abta 40609 - - - - - useful 

Ba’aj 40610 
3 1997 (120) 1996 (9.1) 1997 (7) 1.645 D 

12 2004 (143) 2004 (7.4) 2004 (7.5) 1.375 S 

Table 6: The homogeneity test results for the minimum humidity series 

 

Table 5: The homogeneity test results for the maximum humidity series. 

 

Note: bold refers to inhomogeneity at the 5% significance level. 

 

 

Note: bold refers to inhomogeneity at the 5% significance level. 
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SNHT Test before and after correction /Rain in Sheikhan of November 

 

Pettitt's Test before and after correction / TMax in Sinjar of June 

 

Buishand's Test before and after correction / T Min in Mosul of April 
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Fig.2:  Homogeneity test before and after correction in double mass curve for five climatic elements           

 

 

 

 

 

 

 

 

 

SNHT Test before and after correction / RHMax in Ba’aj of July 

 

Pettitt's Test before and after correction / RHMin in Tal-Afar of May 
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 دراسة تجانس البيانات المناخية للأمطار ودرجات الحرارة والرطوبة 

 لمحافظة نينوى
 

مقداد عبدالغني محمود اغاحسن جمال البزاز                                        عمر                     

o.agha@umosul.edu.iq                                              hasanalbazaz@umosul.edu.iq 
 

 

    . العراق ،الموصل ،جامعة الموصل ،كلية الهندسة ،قسم هندسة السدود والموارد المائية

 

 2023  ابريل 1 :تاريخ القبول 2023فبراير  16 استلم بصيغته المنقحة: 2023يناير  11 تاريخ الاستلام:

 

   الملخص

  

المناخ يتغير باستمرار على نطاق ز  التأثيرات على الدورة الهيدرولوجية، وبدا  المزيد من  المناخية  السنوات الأخيرة أظهرت التغيرات  ماني في 
البيانات   . ومكاني وتجانسها ، لذا عند إجراء أي دراسة في مجال التغيرات المناخية والهيدرولوجي، يجب  لذلك هدفت هذه الدراسة إلى التحقق من مصداقية 

في الدراسة الحالية تم اختيار ثمان محطات مناخية موزعة في محافظة نينوى، باستخدام بيانات مناخية متمثلة بـالـ    .فحص اختبار تجانس للبيانات المستخدمة
الزمنية   للفترة  والصغرى(  العظمى  والرطوبة  والصغرى  العظمى  الحرارة  ودرجات  هي  2020-1990)الامطار  للاختبار  احصائية  طرق  أربع  تطبيق  تم   .

Von Neumann test (VONT)   و Standard Normal Homogeneity test (SNHT)   وBuishand test   (BRT)   وPettitt test   ند ع
اما درجات    ،( لمحطات تل عبطة، بعاج، الشيخان2،2،11. بينت النتائج تجانس الامطار الشهرية لجميع المحطات باستثناء ثلاث أشهر هي )  5%مستوى ثقة  

الحرارة   درجة  في  المتجانسة  غير  الأشهر  نسبة  بلغ  اذ  المحطات،  لمعظم  متجانسة  فكانت غير  والرطوبة  الصغرى على  42% و35الحرارة  و  للعظمى   %
 VON و SNHT أظهرت الدراسة أن اختبارات% للعظمى والصغرى وعلى التوالي.  14% و  18  التوالي، اما الرطوبة فكان نسبة الاشهر غير المتجانسة

كذلك تم تصحيح البيانات المناخية غير المتجانسة باتباع طريقة   .هو الأقل حساسية في معظم الاختبارات Pettitt هما الأكثر حساسية لنقطة التوقف وأن اختبار
 المنحني التراكمي المزودج وتحويلها الى بيانات مناخية متجانسة.

 الكلمات الداله :

، طريقة  Pettittاختبار ،  Buishandاختبار ،  Standard Normal Homogeneityاختبار ،  Von Neumann، اختبار اختبار التجانس
 المنحني التراكمي المزودج، نينوى. 
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