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1. Introduction: 

Rainfall is one of the most essential climatic indicators of 

climate change, The changes in rainfall in space and time would 

impact runoff, soil moisture, and groundwater reserves. The study 

of the climate change effects on water resource planning and 

management necessitates the analysis of precipitation changes 

(Khayyat, et. al, p. 35, 2019; M. Nawaz, et. al., 2020, p.2). 

The availability of long-term and temporally consistent rainfall 

time series is one of the most important criteria for undertaking a 

detailed study of regional and temporal variation and trends in 

rainfall in any location. 

Agriculture activities, flood disaster risk management and 

reduction, drought, water harvesting, water supply to communities, 

and other human activities related to the spatiotemporal distribution 

of rainfall in any region benefit from the analysis of long-term 

climate time-series data at a high temporal and spatial resolution. 

Water resource management, agricultural productivity, and 

climate change mitigation benefit from understanding the spatial 

distribution of rainfall and its temporal trends (Morales-Acuña, et 

al., 2021, p. 1). 

Rainfall data and measurements from traditional ground 

weather stations have traditionally been the major sources of such 

climate data; however, due to limited or nonexistent station 

networks in many regions of the world, historical records from 

station observations are insufficient. As a result, satellite-based 

rainfall data are increasingly being utilized to supplement or 

replace station observations. 
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Even though long and temporally consistent rainfall time series 

is essential in climate analyses and applications, many countries' 

weather stations are not distributed in an optimal way to allow 

researchers to conduct deep and multidimensional analyses for 

different climate elements to support human activities, planning, 

and decisions. 

As a result, there should be an alternative to fill this data gap 

and conduct advanced deep climatic analysis in the areas 

mentioned above. One of the best available alternatives is the 

CHIRPS (Rainfall Estimates from Rain Gauge and Satellite 

Observations) data with a spatial resolution of 4.5 * 5.5 km to fill 

this gap in the required data for the analysis. 

CHIRPS (Climate Hazards Group Infrared Precipitation with 

Station Data) is a rainfall dataset that combines 0.05° resolution 

satellite imaging with in-situ station data to produce gridded 

rainfall time series for trend analysis and seasonal drought 

monitoring. CHIRPS also employs sophisticated interpolation 

algorithms and high resolution (0.05°) rainfall predictions based on 

infrared Cold Cloud Duration (CCD) data over a long period (Funk 

et al., 2015; Shami, S., 2019) 

2. Study Area: 

The study area Dashti Hawler District (DHD) is in the middle–

southern part of Erbil province, the Kurdistan Region of Iraq. It‘s 

situated between longitudes ~43.87102°E - 44.32174°E and 

latitudes ~36.33076°N - 35.77226°N. 

The DHD extends over an area of ~130,750 Hectares, which 

constitutes (~8.8 %) of the total area of Erbil Governorate. It is a 

flat area with a low slope in its central parts and is more rippled in 
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the western, northern, and northeastern parts. DHD forms a 

relatively broad flat area in the form of a basin in which it has 

gathered and to a great depth, clay, sand, and gravel deposits 

interspersed with some shallow valleys that drain its water into the 

Great Zab and Little Zab stream. 

 The study area is bordered by the heights of Bestana, Sharabot 

in the north and east, the little Zab River in the south-east and the 

administrative boundaries of the districts of Erbil centre, Khabat in 

the west, and Avana mountain from the south (Ahmed, Rozhan, 

2012, p.26; Kahraman, Layla Mhamad, 2004, pp. 19 - 31; Ismaeel, 

Sulaiman A., 2017, pp. 1 - 2). 

The elevation of the study area ranges from 250m in its 

southern parts to more than 1,000m in its northern parts (Figures 1-

A, B, C & Figure2). 

The rainfall of the study area follows the Mediterranean 

system, which is characterized by its winter and spring rains caused 

by Mediterranean hurricanes and weather depressions passing 

through it the summer is dry, the temperature decreases in winter 

and rises in summer in all parts of the study area, the average of 

annual temperature in the study area is 22
o
, and the average 

temperature of winter is 10
o
, while the average temperature of 

Summer is 34.11
o
 (KRG, MoT&C) 

According to the Koppen classification, the study area is 

classified under the Semi-Arid climate zone (BSh) (Hassan, Tarq 

khidr, 2006, pp. 141 - 143) 
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Figures 1, A, B, C – Study Area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 02: The Topographic Profile of the Study Area 

 

3. Research Problem and Objective: 

The Kurdistan Region of Iraq is experiencing a large-scale 

semi-aridization of the climate, especially noting a change in the 

characteristics of the rains, as evidenced by rising temperatures and 

decreasing precipitation, with detrimental consequences such as 

desiccation of vegetative cover and surface water (Khayyat 

H.A.K.A., et al, 2020, p. 463). 

Figure 1-A: The location of the 

Study Area in Iraq 

Figure 1-B: The location of 

the Study Area in Erbil 

Governorate 

Figure 1-C: Topography of 

Study Area  
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The problem of the study area is that there is a change in the 

characteristics of the rainfall of the Kurdistan Region of Iraq (KRI), 

including the study area, in terms of the amount of rainfall during 

the rainy season, which extends from the beginning of September 

until the end of May, the average of its monthly and daily sums, the 

beginning and end of each season, the dry periods and their length 

within the rainy season in the study area (Ismaeel, Sulaiman, 2010, 

pp. 77 – 78). 

The importance of conducting the current study and analysis 

for Dashti Hawler district rainfall using the CHIRPS dataset for 40 

years is that there is no weather station available in the study area 

with deep historical data to measure different climate elements.  

The only weather station available in the study area is the 

weather station belonging to the Ministry of Agriculture 

(44.1178465°E, 36.1566008°N) and the data of this station is 

available since 2000, but in an interrupted way which the data of 

several years and months in between are missing, then the other 

closest weather station with long historical data is Erbil city 

weather station (44.0638808°E, 36.1974764°N). 

However, the data of Erbil station does not include the data of 

the DHD that it is Dashti Hawler district because it's far more than 

45 Kms from the southern parts of the study area. The topography 

of the majority of the study area is different from than Erbil 

weather station (which is based inside Erbil City), and also 

considering the lack of detailed climatic data on the monthly 

temperature and rainfall rate for historical periods, due to the 

political situation experienced by the region over the last three 

decades(Khayyat H.A.K.A., 2020), and the other closest weather 

station is Qushtapa station (which is relatively a new station and 
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doesn‘t have deep historical data), that‘s why the current study 

aimed to draw a picture of the reality of 40 years of rainfall 

variability using the CHIRPS historical rainfall data in the study 

area for climate change assessments and rainfall trends. 

The high 0.05°x0.05° spatial resolution of CHIRPS 

computations is designed to capture more reflective features of 

precipitation. Furthermore, CHIRPS data includes precipitation 

time series from 1981 to the present, enabling long-term 

hydrological research and simulation (Awchi, Taymoor, et al. 

2021; Tuo Y, et al., 2016). 

4. Research Methodology:          
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Figure (3) Research Methodology flowchart. 

 

 

 

 

 

 

 

 

 

Figures (4, 5, 6) Data extraction – analysis flow model 

 

 

5. Data Analysis: 

Satellite rainfall products, such as the Climate Hazards Group 

InfraRed Precipitation with Stations (CHIRPS) product, have 

become a viable alternative to rain gauge stations in areas where 

rain gauges are scarce (Franklin Paredes-Trejo, et al., 2020, pp. 1 - 

2). 

CHIRPS (Climate Hazards Group InfraRed Precipitation with 

Station Data) is a quasi-global rainfall data set. As the name 

implies, it estimates precipitation by combining data from real-time 

observing meteorological stations with infrared data. The data 

spans the years 1981 through the present. 
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Due to the lack of well-distributed meteorological stations, 

satellite-based monthly rainfall data with a spatial resolution of 

0.05 degrees obtained from the CHIRPS data is one of the best 

solutions available for researchers. (Attafi, R, et al. 2021). 

For trend analysis and seasonal drought monitoring, CHIRPS 

builds gridded rainfall time series using 0.05° resolution satellite 

imagery and in-situ station data. With funding from the US Agency 

for International Development (USAID), the National Aeronautics 

and Space Administration (NASA), and the National Oceanic and 

Atmospheric Administration (NOAA), USGS and CHG scientists 

have been developing techniques for producing rainfall maps, 

especially where surface data is sparse since 1999 

(https://www.waters.com/CHIRPS/). 

CHIRPS data with 1-month temporal resolution and 5km 

geographical resolution is available at the UCSB Climate Hazard 

Group (CHG) website (https://www.chc.ucsb.edu/data/chirps). The 

presented monthly CHIRPS data was acquired to examine the 

Spatio-temporal variability of annual rainfall seasons (beginning on 

September 1st and ending on May 31st) for 40 rainfall seasons 

(1982 – 2021). The presented monthly CHIRPS data was acquired 

to examine the Spatio-temporal variability of annual rainfall 

seasons (beginning on September 1st and ending on May 31st) for 

40 rainfall seasons (1982 – 2021). (P. Sandeep, et al., 2020, pp. 1 - 

2). 

As shown in the research flow chart (figure 3), 480 Geo tiff 

images of the monthly CHIRPS rainfall have been downloaded and 

then processed through the Raster Calculator – Map Algebra tool 

which was used in ArcGIS Pro. to extract the annual rainfall of 40 

years, then the extracted annual rainfall has been masked with the 
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polygon of Dashti Hawler district to extract the CHIRPS rainfall 

raster cells of the study area, which resulted in 40 Geo tiff rasters of 

the targeted area. 

Then the Geo tiff raster of the annual rainfall of the Erbil area 

has been converted to points using the raster to point tool in 

ArcGIS Pro, then the X Y coordinates were added to the 40 point 

shapefiles of annual rainfall to prepare them for further 

interpolation process of the spatial distribution of rainfall over the 

study area using Kriging interpolation method. 

The 40 annual rainfall feature classes were converted to Excel 

using the point to Excel tool in ArcGIS Pro To prepare them for 

further statistical analysis to detect the trends and characteristics of 

the 40 years of annual rainfall in Dashti Hawler district, then the 

outcomes were 40 maps of spatial distribution and spatial variation 

of rainfall in the study area, and several statistical tables and figures 

explaining the trends and characteristics of the 40 years annual 

rainfall in the study area. 

5.1.Results and Discussions: 

For the rainfall trends and statistical analysis, the annual 

rainfall over the study area has been extracted by counting the 

averages of the rainfall of all the 49 CHIRPS points (Figure 7) of 

each year inside the study area. 

Then those annual averages were used for the statistical 

analysis and assessing the trends and other characteristics of 

rainfall over the years in the study area. 

While for the spatial variation of rainfall over the study area, 

for each year, all the 49 CHIRPS points data were used to be 
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integrated into the spatial interpolation of the rainfall using the 

Kriging interpolation method to prepare the map of the spatial 

distribution of rainfall over the study area for the targeted 40 years 

period, then as a result, 40 maps of the spatial distribution of 

rainfall were prepared using ArcGIS Pro. 

 

 

 

 

 

 

 

 

 

 

Figure 07: Distribution of CHIRPS 49 points over the study area 

(Dashti Hawler District) 

5.2.Statistical Analysis: 

5.2.1.  Average Rainfall in Study Area: 

The statistics of the processed rainfall data from CHIRPS 

rasters show that there is a big variation in rainfall amount in the 

study area over the study period, which the maximum rainfall 

amount was recorded in the rainfall season 2018 – 2019 (996 mm) 

while the driest season was in the rainfall season 2007 – 2008 

which only an amount of (287 mm) of rainfall was received in the 

study area, which means a variance of (709 mm) of rainfall 
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between the minimum and maximum annual rainfall amount; 

moreover, the average rainfall of the study area for the 40 years of 

the study period was 523 mm of rainfall with a relatively high 

standard deviation of the annual rainfall which is 128, this high 

value of the STDV is indicating to the statistical fact that the 

rainfall in the study area is characterized by its high variation over 

years and the fluctuation in annual rainfall is the dominant 

characteristic of the rainfall in the study area. That‘s why this 

annual average doesn‘t show the real picture of rainfall in the study 

area (figure 8 & table 1).  

 

Figure 8: Rainfall trend in Dashti Hawler 1982 - 2021 

 

 

 

 

Regarding the trend of annual rainfall compared to the 40 years 

average rainfall in the study area, the statistics show that from the 

rainfall of the 40 years of the study period, only 17 years recorded a 

positive rainfall value compared to the average of the study area, 

while the rainfall of 23 years recorded a negative rainfall trend 

compared to the 40 years average rainfall in the study area. 

Although the statistics show that 17 years recorded positive 

rainfall amount (annual rainfall was above the 40-year average) and 

23 years recorded negative amount of rainfall (annual rainfall was 

below the 40 years average) compared to the 40 years average but 

comparing the yield rainfall from each group of years (positive and 
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negative rainfall compared to average) shows that the yielded 

rainfall during the years which their rainfall was above the average 

was (10756 mm) vs (10177 mm) during the years which their 

rainfall average was below average,  

This means that from the total (20933 mm) rainfall over the 

study area during the 40 years of the study period, (10756 mm) 51 

% of the received rainfall was during the 17 years which is more 

than received rainfall during the negative 23 years (10177 mm) 

49%, and this fact proves what has mentioned above that the 

rainfall in the study area is characterized by its high variation over 

years and the fluctuation in annual rainfall is the dominant 

characteristic of the rainfall in the study area. 

 

Table 1: Rainfall statistics in Dashti Hawler 1982 - 2021 

Year 
Rainfall 

mm 
Change % 

The 

difference 

in Average 

mm 

5 Years  

Moving 

Average 

1982 – 2021 - 

Average 523 
    

 

1982 601 15 78  

1983 451 -14 -72  

1984 445 -15 -78 521 

1985 615 18 92 503 

1986 493 -6 -30 566 

1987 513 -2 -10 542 

1988 764 46 241 521 

1989 324 -38 -199 513 

1990 511 -2 -12 500 

1991 455 -13 -68 472 
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Year 
Rainfall 

mm 
Change % 

The 

difference 

in Average 

mm 

5 Years  

Moving 

Average 

1992 447 -15 -76 519 

1993 623 19 100 509 

1994 558 7 35 508 

1995 464 -11 -59 499 

1996 448 -14 -75 470 

1997 403 -23 -120 468 

1998 477 -9 -46 471 

1999 549 5 26 495 

2000 479 -8 -44 526 

2001 566 8 43 526 

2002 560 7 37 531 

2003 475 -9 -48 538 

2004 574 10 51 553 

2005 513 -2 -10 562 

2006 643 23 120 524 

2007 605 16 82 492 

2008 287 -45 -236 505 

2009 411 -21 -112 465 

2010 581 11 58 411 

2011 439 -16 -84 465 

2012 339 -35 -184 481 

2013 557 6 34 441 

2014 487 -7 -36 476 

2015 384 -26 -139 510 

2016 612 17 89 549 

2017 510 -2 -13 651 

2018 753 44 230 694 
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Year 
Rainfall 

mm 
Change % 

The 

difference 

in Average 

mm 

5 Years  

Moving 

Average 

2019 996 90 473 656 

2020 601 15 78  

2021 422 -19 -101  

Total 20933      

Min 287 -45 -236 411 

Max 996 90 473 694 

Average 523 0.06 0.3 518 

STDV 128 24 128 56. 9 

Rainfall 

mm_Above 

Average 10756 

17 Years 51% 

 

Rainfall 

mm_Below 

Average 10177 

23 Years 49% 

 

 

It can be noticed from Table 1 above that from the top 10 

abundant rainfall years, 4 records are in the 4
th

 quarter (2012 – 

2021) of the study period and 3 records are in the 1
st
 quarter (1982 

– 1991), and 2 records are in the 3
rd

 quarter (2002 – 2011) and only 

1 out of top 10 records is in the 2
nd

 quarter (1992 – 2001).  

From the same table (1), it can be noticed that from the top 10 

scarce rainfall years, 3 records are in each one of the 3
rd

 and 4
th

 

quarters, and each one of the 1
st
 and 2

nd
 quarters has only 2 records. 

it‘s worth mentioning that the 4
th

 quarter is the less stable period in 

the study area because 4 out of the top 10 abundant rainfall years 

are in this quarter, but also 3 out of the top 10 scarce rainfall years 

are in this quarter, and this fluctuated numbers affected the overall 

trend of rainfall in the study area. 
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Five years moving Average Rainfall in Study Area: 

This method is one of the most statistical methods used by 

climatologists to study the nature of different climate variability to 

reduce irregular fluctuations and thus show regular rain fluctuations 

in the study area (Khairallah, Hafidh Issa, 2019). A moving 

average is widely used to smooth out short-term variations while 

highlighting longer-term patterns or cycles when dealing with time-

series data. The short-term vs. long-term threshold is determined by 

the application, and the moving average parameters are adjusted 

accordingly (www.wikipedia.org). 

Table 1 and figure 9 show the five years moving average of 

annual rainfall in the study area. It is obvious from the table that the 

minimum average of annual rainfall using the five years moving 

average is (411 mm) of rainfall in five years moving average of 

rainfall of 2011. While the minimum annual average for the real 

rainfall calculated from the same table was only (287 mm), this is 

due to the normalization of values after applying the five years 

moving average function. In addition, the maximum average of 

annual rainfall using the five years moving average method was 

(694 mm) of rainfall in the five years moving average of rainfall of 

2018, which varies from the real annual rainfall calculated from the 

same table (996 mm). 

The figures above clearly show the high range (709 mm) 

between the minimum (287 mm) and maximum (996 mm) of the 

actual annual rainfall values, and the lower range (283 mm) 

between the minimum (411 mm) and maximum (694 mm) of the 
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calculated five years moving average rainfall values calculated 

through the 5 years moving average. 

 

 

 

 

 

 

 

 

 

 

Figure 9: Five years moving average of annual rainfall in the study area 

vs the 40 years rainfall graph  

 

5.3. Rainfall Trends: 

As shown in table (2) below and figure (8) above, although out 

of the 40 years of the periodical coverage of the study, 23 years of 

rainfall were recorded below the general average of the study area. 

Although only the rainfall of 17 years was recorded above the 

general average of the study area, still the general overall rainfall 

status in the study area for the covered period is showing that the 

start point of the trend line is (491.9 mm) and the endpoint of the 

trend line is (554.7 mm) which indicates to a positive direction in 

the linear trend (+62.8) with a high standard deviation value (128) 
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for the rainfalls of the 40 years, which refers to the high fluctuation 

and variation between the rainfall amounts among the years of the 

study period. 

This positive direction in the 40 years rainfall trend line in the 

study area is supported by the calculations of the rainfall trend 

using the 5 years moving average method, in which the start point 

of the trend line is (495.1 mm) and the endpoint is (540.1 mm), and 

this again referring to a positive trend in rainfall of the study area 

with a trend value (45) and a relatively lower standard deviation 

value (56.9) compared to the 40 years rainfall values, and this is 

due to applying the moving average method which has normalized 

the rainfall values and reduced the big variation among the rainfall 

values, but still, the trend is showing a positive direction but 

relatively lower than the trend of the 40 years rainfall. 

Diving more deeply into the rainfall data of the study area, and 

considering dividing the studied period (40) years into 4 equal 

quarters of (10 Years), to discover more about the characteristics of 

rainfall in the study area and the precise responsibility factors 

affecting the overall trend of rainfall in the study area, shows that 

the first quarter (1982 – 1991) and third quarter (2002 – 2011) both 

are showing negative trends of rainfall in the study area. 

The average rainfall in the first quarter is (517 mm) which is 

the closest average to the overall average of rainfall during the 40 

years of the study period, with a negative trend value of (-56.3) for 

the first quarter (1982 – 1991) and the value of R
2
 is (0.03) and the 

standard deviation is 120, the numbers are indicating to a slight 

negative trend in the annual rainfall values which the low value of 

the R2 is indicating to this fact, with a high variation of the annual 
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rainfall of different years which the high value of the standard 

deviation is indicating to this fact. 

The rainfall average received during the third quarter (2002 – 

2011) was (501 mm), and the rainfall amounts received during the 

third quarter are showing a relatively higher negative trend in the 

rainfall over the study area (-102.4), which the trend line starts at 

the point (560 mm) and ends at the point (457.6 mm) with a 

relatively higher R
2
 value (0.1) to confirm the negative trend line, 

and a lower standard deviation value (108) compared to the first 

quarter, which indicates to less variation in the annual rainfalls 

around the average of the 3
rd

 quarter.  

From the rainfall values and the statistical analysis, it has been 

indicated that the second quarter is the most stable quarter among 

the 4 quarters in the study area with an average rainfall (501 mm) 

and the less standard deviation value (69) among all the 4 quarters, 

which indicates to the less variation of the received annual rainfall 

amounts around the average rainfall of the 2
nd

 quarter, the result of 

the above facts is that there is no presence of a significant trend 

(either negative or positive) of the rainfall in the second quarter, 

which the trend value is only (0.8) with an R
2
 value (0.00002). 

The Fourth quarter of the period (2012 – 2021) characterized 

by an average rainfall (566 mm) (which is the highest among all the 

quarters), is the only quarter that recorded a relatively high positive 

trend of rainfall in the study area with a positive trend value (251.1) 

which indicates to a high positive trend in rainfall of the study area 

and the high R
2
 (0.19) value compared to other quarters, supports 

this fact of the high positive trend. 
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Moreover, one notable characteristic of the rainfall in the 4
th

 

quarter is its high standard deviation value (194) which is also the 

highest among all the quarters, this high standard deviation value 

indicates the big variation in rainfall values among the 10 years of 

the 4
th

 quarter, this is because out of 10 highest recorded rainy 

years (2016, 2018, 2019 and 2020) are in the 4
th

 quarter, but also 3 

out of the 10 less lowest recorded rainy years (2012, 2015 and 

2021) are in the 4
th

 quarter. 

However, these two facts mentioned above caused the big 

variation in the received rainfall amounts among the 10 years of the 

4
th

 quarter, which is verified by the big value of the standard 

deviation of the 4
th

 quarter (194) which is the highest among the 4 

quarters. 

Additionally, the high received rainfall values of the 4
th

 quarter 

have a big impact on the overall average rainfall of the 40 years in 

the study area, as well as impacted the overall trend of rainfall in 

the study area (which was explained previously), especially the two 

years 2018 with (753 mm) rainfall and 2019 with (996 mm) 

rainfall, which recorded the highest received rainfall in the study 

area over the 4 decades of the study period. 

These extreme high values affected statistically all the other 

figures and numbers in the study area, in such a way that the values 

of the received rainfall in those two years (2018 & 2019) were 

around the average rainfall in the study area (523 mm), then the 

rainfall trend was showing a negative trend over the 40 years in the 

study area, and this is the significance of conducting more deep 

statistical analysis on different parts of the data to detect and assess 

the extreme values which are affecting the statistical results of any 

periodical data. 
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Table 2: Rainfall trend directions, values in Dashti Hawler (40 

years annual, 5 years moving average, 10 years quarterly) 

 

 

5.4.Kriging Interpolation of Spatial Rainfall Variability: 

Many applications in hydrology and agriculture rely on 

precipitation data; However, no matter how dense a region's 

network of measurement stations is, there will always be many 

sites where precipitation data is unavailable.  

As a result, measurements from nearby sites must be used to 

estimate point rainfall at unrecorded locations (M. Coulibaly, et al, 

2007, p 494; Goovaerts, 1999). 

In the current study, the mean annual rainfall has been 

calculated from the CHIRPS monthly raster data using the map 

algebra raster calculator tool in ArcGIS Pro, and then the generated 

rasters of the annual rainfall have been converted to points over the 

study area which resulted in containing 49 CHIRPS points of 

annual rainfall in the study area.  

Then to generate the Isohyet map of mean annual rainfall the 

Kriging/CoKriging - Ordinary Kriging – Prediction method has 
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been used to estimate the rainfall values in the areas between the 

generated 49 CHIRPS points over the study area. The ordinary 

kriging interpolation method can be used with satisfactory 

performance in interpolating the annual rainfall data (Wilmar L. 

Cerón, et al, 2021, pp. 6 - 7). 

The results of the Kriging interpolation are presented in the 

isohyet map of mean Annual Rainfall (mm) in the study area for 

the 40 years of the study period (1982 – 2021). Figure (13) shows 

the spatial variability of rainfall among different parts of the study 

area. 

Based on the used CHIRPS data, the geographic distribution of 

rainfall in the study area can be characterized by its spatial 

distribution of rainfall amounts which vary between the North and 

North-East parts of the study area, which received the maximum 

rainfall amounts in all the years. Moreover, the amount of rainfall 

decreases by moving downward the study area to the South and 

South-West parts, which received the minimum rainfall amounts in 

all the years. 

The minimum rainfall isohyet area identified on the maps is 

300 mm rainfall which includes areas that received rainfall less 

than 300 mm at that year, and this was presented in three rainfall 

years only (1989, 2008, 2012). These three years (2008, 1989, and 

2012) can be considered the most scarce rainfall years in the study 

area respectively. The maps are indicating that this scarcity rainfall 

area is expanding to its maximum area occupation in the study area 

in 2008 (which from the mean rainfall amounts was the most 

scarcity rainfall year) and covers the middle and western and 

southern parts of the study area, while in 2012 this rainfall scarcity 
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area shrinks to its minimum and occupied a very small area in the 

far southern part of the study area. 

The maximum rainfall isohyet area observed in the study area 

on the maps is 1400 mm, which included the areas that received 

rainfall between 1300 – 1400 mm. This area was observed only in 

one rainfall year (2019) and the amounts of rainfall reached the 

peak which never happened during the study period. This high 

rainfall area on the map occupied the North-Eastern part of the 

study area which is on all the maps the highest and the most 

abundant rainfall area among the other parts of the study area. 

It‘s worth mentioning that from the spatial distribution of 

rainfall over the study area that the second and third highest 

abundance rainfall isohyet areas were also observed only in the 

abundance rainfall year 2019 which occupied the North and North-

Eastern parts of the study area to the south of the 1400mm rainfall 

isohyet area. 

The figure (10) below shows the frequency of occurrence of 

each rainfall isohyet area among the 40 years of the temporal 

coverage of the study, and it can be indicated that the rainfall 

isohyet area with 600 mm (areas with rainfall between 500 – 600 

mm) is the most repeated (34 years) among all the other rainfall 

isohyet areas, and this is reflecting the fact of the average of the 40 

years which was 523 mm of rainfall. 

After the 600 mm rainfall isohyet area, the most repeated 

isohyet areas in the study area were (500 mm \ 31 years), (700 mm 

\ 25 years), (400 & 800 mm \ 15 years), (500 mm \ 5 years), (300 & 

1000 mm \ 3 years), (1100 mm \ 2 years), (1200, 1300, 1400 mm \ 

1 year only) respectively. 
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Scrutinizing the 40 maps of the spatial distribution of rainfall 

over the study area leads to the fact that the rainfall isohyet areas of 

the same value vary among the years in which the rainfall isohyet 

areas are repeated, and their coverage areas vary among the years, 

this kind of analysis is of big value and importance for different 

kind of activities and planning for agricultural activities and water 

harvesting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (10): The frequency of occurrence of each rainfall isohyet area 
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Figure (11): Spatial variation of the mean annual rainfall 

distribution in Dashti Hawler district 1982 – 2021 based on 

CHIRPS database and Kriging interpolation 
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6. Conclusion: 

The current research aimed to evaluate the potential of the 

CHIRPS rainfall dataset and Kriging interpolation with statistical 

analysis for analyzing the Spatio-temporal trends of rainfall in 

Dashti Hawler District – Erbil Governorate, Kurdistan Region of 

Iraq. 

The CHIRPS rainfall dataset was a useful alternative to the 

ground weather stations which the study area with its area of 

~130,750 Hectare has only one weather station (Bnaslawa station) 

with poor historical data, even the available data is an incomplete 

dataset, which has interruption years and months due to several 

local and technical reasons. 

Furthermore, the CHIRPS dataset with its flexible structure 

and format provides the opportunity for many different spatial 

analyses with raster or vector data and the possibility of performing 

different statistical analyses from the dataset.  

Conjointly with the CHIRPS dataset, the researcher can 

provide very accurate and precise results from his analysis to 

support the decision-makers to take the correct and quick decision 

on any related issues or topics. 

One of the important and powerful positive points of using the 

CHIRPS rainfall dataset is that it allows the researcher to perform 

the analysis on different temporal levels (Monthly, Seasonal, 

Annual) and observe the structure of the data to detect the 

fluctuations and trends in the data and measuring the significance 

of the results. 



 

  7373                                      ٢0٢٢ یبههار/   ١ ە/  ژمار 8 یرگه/  برەژێتو یارۆڤگ

 

The results of CHIRPS datasets can be integrated into different 

studies of environmental, climatical, agricultural, 

hydrological,…etc. models further deep analysis on drought 

monitoring, agricultural production planning, hydrological studies, 

climate change aspects, and features, climatical classification 

systems, and their transitions and changes spatiotemporally. 

The results of the study show a wide fluctuation in the received 

rainfall amounts in the study area over the 40 years of the study 

period, this fluctuation is in such a way that the extremely high 

rainfall values of some years, for example: (1988 = 764 mm), 

(2018 = 753 mm), (2019 = 996 mm) statistically affected the 

overall trend of rainfall in the study area and hid extreme dry 

rainfall years.  

That caused the general overall rainfall status in the study area 

for the covered period is showing a positive direction in the linear 

trend (+62.8) with a high standard deviation value (128) for the 

rainfalls of the 40 years, which refers to the high fluctuation and 

variation between the rainfall amounts among the years of the study 

period. 

Regarding the spatial variation of rainfall in the study area over 

the 40 years of the study period, the CHIRPS dataset through the 

geostatistical analysis tools and methods made it possible to 

estimate the amount of rainfall in the whole study area using 

Kriging interpolation, and this resulted in to have a detailed map of 

precipitation in the study area with isohyets dividing the study area 

into rainfall areas with an interval of 100 mm between the spatial 

distributions of rainfall areas. 
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By using the Kriging interpolation for the converted CHIRPS 

raster datasets into points, it was possible to estimate the rainfall 

values in the areas between the generated 49 CHIRPS points over 

the study area and to monitor the most repeated rainfall isohyets 

over the study period and indicated to that the rainfall isohyet area 

with 600 mm (areas with rainfall between 500 – 600 mm) is the 

most repeated (34 years) among all the other rainfall isohyet areas, 

and this is reflecting the fact of the average of the 40 years which 

was 523 mm of rainfall. 

Whereas the rainfall isohyets 1200, 1300, 1400) were visible in 

only 1 year (2019 – the top abundance year in the study area), and 

isohyet (1100) was visible in only 2 years, and (1000) in only three 

years, but those extreme high rainfall values statistically affected 

the overall trend of rainfall to direct it into a positive direction. 
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 پوختە

رٛێژیٕەٚەیە ثزیزیە ٌە ٘ەڵظۀگبٔذٔی رٛأبی دارب طێزی ئەَ ئبِبٔغی 
ٚ ئیٕزەرپۆٌەیؼٕی کزیگیٕگ ٌەگەڵ ػیکبری  CHIRPS ٔجبریٕیثبرا

کبری ثبرأجبریٓ ٌە لەسای  -ئبِبری ثۆ ػیکزدٔەٚەی ڕەٚری ػٛێٕی 
   .پبرێشگبی ٘ەٌٚێز، ٘ەرێّی کٛردطزبٔی عێزاق –دەػزی ٘ەٌٚێز 

عێگزەٚەیەوی ثەطٛٚد ثٛٚ ثۆ  CHIRPS دارب طێزی ثبرأجبریٕی
بٚچەی رٛێژیٕەٚەکە ثە ٚێظزگەکبٔی کەػٛ٘ەٚای سەٚی کە ٔ

 ٘ێکزبر رۀٙب یەک ٚێظزگەی کەػٛ٘ەٚای ٘ەیە ١٣٧,٧٥٧ڕٚٚثەرەکەی ~
ٌەگەڵ دارب ِێژٚٚییە ٔبرەٚاٚەوەی، رۀبٔەد دارب  (Bnaslawa ٚێظزگەی)

ثەردەطزەکبْ داربیەکی ٔبرەٚاْٚ، کە طبڵأی پچڕأی ٘ەیە ثە٘ۆی چۀذ 
   .٘ۆکبرێکی ٔبٚخۆیی ٚ رەکٕیکیەٚە

ثە پێکٙبرە ٚ فۆرِبرە  CHIRPS کۆِەڵە داربکبٔی طەرەڕای ئەٚە،
گٛٔغبٚەوەیەٚە دەرفەد دەڕەخظێٕێذ ثۆ چۀذیٓ ػیکبری ػٛێٕی عیبٚاس 
ثە داربکبٔی ڕاطزەر یبْ ڤێکزەر ٚ ئەگەری ئۀغبِذأی ػیکبری ئبِبری 

 ثە ٘بٚثەػی ٌەگەڵ کۆِەڵە داربکبٔی  .عیبٚاس ٌە کۆِەڵە داربکبٔەٚە
CHIRPSذ ئۀغبِێکی سۆر ٚرد ٌە ػیکبرییەکبٔییەٚە ، رٛێژەر دەرٛأێ

پێؼکەع ثکبد ثۆ پؼزگیزیکزدٔی ثڕیبردەراْ ثۆ ثڕیبردأی درٚطذ ٚ 
  .خێزا ٌەطەر ٘ەر پزطێک یبْ ثبثەرێکی پەیٛۀذیذار

یەکێک ٌە خبڵە ئەرێٕییە گزٔگ ٚ ثە٘ێشەکبٔی ثەکبر٘ێٕبٔی دارب طێزی 
ەداد ػیکبرییەکە ئەٚەیە کە ڕێگە ثە رٛێژەر د CHIRPS ثبرأجبریٕی

ٌەطەر ئبطزە کبرییە عیبٚاسەکبْ )ِبٔگبٔە، ٚەرسی، طبڵأە( ئۀغبَ ثذاد ٚ 
چبٚدێزی پێکٙبرەی داربکبْ ثکبد ثۆ دیبریکزدٔی ٘ەڵاٚطبْ ٚ ڕەٚرەکبْ 

  .ٌە دارب ٚ پێٛأەکزدٔی گزٔگی ئۀغبِەکبْ
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ٌە رٛێژیٕەٚە  CHIRPS دەرٛأزێذ ئۀغبِەکبٔی کۆِەڵە داربکبٔی
بٔی ژیٕگە، کەػٛ٘ەٚا، کؼزٛکبڵی، ٘بیذرۆٌۆعی،...٘زذ یەکجخزێٓ. عیبٚاسەک

ِۆدێٍی ػیکبری لٛٚڵی سیبرز ٌەطەر چبٚدێزیکزدٔی ٚػکەطبڵی، 
پلأذأبٔی ثەر٘ەِی کؼزٛکبڵی، رٛێژیٕەٚەکبٔی ئبٚ، لایۀەکبٔی گۆڕأی 
کەػٛ٘ەٚا، ٚ ربیجەرّۀذییەکبْ، طیظزەِی پۆٌێٕکزدٔی کەػٛ٘ەٚا، ٚ 

  .أکبرییەکبٔیبْ ٌە ڕٚٚی فەسایی ٚ کبرییەٚە دەکبدگٛاطزٕەٚە ٚ گۆڕ

ئۀغبِەکبٔی رٛێژیٕەٚەکە ٘ەڵاٚطبٔێکی ثەرفزاٚاْ ٌە ثڕی 
 ٤٧ثبرأجبریٕی ٚەرگیزاٚ ٌە ٔبٚچەی رٛێژیٕەٚەکە ٔیؼبْ دەداد ٌە ِبٚەی 

طبڵی ِبٚەی رٛێژیٕەٚەکەدا، ئەَ ٘ەڵاٚطبٔە ثە عۆرێکە کە ثە٘بی 
ٍُِ(،  ٧٦٤=  ١٩٨٨طبڵ، ثۆ ّٔٛٚٔە: ) ثبرأجبریٕی سۆر ثەرسی ٘ۀذێک

ٍُِ( ٌە ڕٚٚی ئبِبرییەٚە کبریگەرییبْ  ٩٩٦=  ٦٧١٩ٍُِ(، ) ٧٥٣=  ٦٧١٨)
ٌەطەر رەٚری گؼزی ثبرأجبریٓ ٌە ٔبٚچەی رٛێژیٕەٚەکە ٘ەثٛٚ ٚ طبڵأی 

کە ثٛٚە ٘ۆی ئەٚەی کە  .ثبرأجبریٕی ٚ ٚػىەطبڵی سۆریبْ ػبردەٚە
رٛێژیٕەٚەکە ثۆ ِبٚەی رٛێژیٕەٚەوە  دۆخی گؼزی ثبرأجبریٓ ٌە ٔبٚچەی

( ٔیؼبْ دەداد ٌەگەڵ ثە٘بی ٦٦.٨ئبراطزەیەکی ئەرێٕی ٌە رەٚری ٘ێڵی )+
طبڵ، کە ئبِبژەیە ثۆ  ٤٧( ثۆ ثبرأجبریٕی ١٦٨لادأێکی طزبٔذاردی ثەرس )

٘ەڵاٚطبٔی ثەرس ٚ گۆڕأکبری ٌە ٔێٛاْ ثڕی ثبرأجبریٓ ٌە ٔێٛاْ طبڵأی 
  .ِبٚەی رٛێژیٕەٚەکەدا

طەثبرەد ثە گۆڕأی ػٛێٕی ثبرأجبریٓ ٌە ٔبٚچەی رٛێژیٕەٚەکە ٌە 
ٌە  CHIRPS طبڵی ِبٚەی رٛێژیٕەٚەکەدا، کۆِەڵە داربکبٔی ٤٧ِبٚەی 

ڕێگەی ئبِزاس ٚ ػێٛاسەکبٔی ػیکبری عیۆئبِبرییەٚە ٚایکزد کە ثزٛأزێذ 
ثڕی ثبرأجبریٓ ٌە رەٚاٚی ٔبٚچەی رٛێژیٕەٚەکەدا ثە ثەکبر٘ێٕبٔی 

ٌەیؼٕی کزیگیٕگ ثخەِڵێٕذرێذ، ٚ ئەِەع ٌە ئۀغبِذا ثٛٚە ثۆ ػیٕزەرپۆ
ئەٚەی ٔەخؼەیەکی ٚردی ثبرأجبریٓ ٌە ٔبٚچەی ٌێکۆڵیٕەٚەکەدا ٘ەثێذ 
ٌەگەڵ ئبیشۆ٘یزەکبْ کە ٔبٚچەی رٛێژیٕەٚەکە داثەع دەکەْ ثەطەر ٔبٚچە 
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ٍُِ ٌە ٔێٛاْ داثەػکزدٔی ػٛێٕی ٔبٚچە  ١٧٧ثبرأبٚییەکبٔذا ثە ِبٚەی 
  .ییەکبْثبرأبٚ

ثۆ کۆِەڵە دارب ڕاطزەری  Kriging ٕیٌەیؼثە ثەکبر٘ێٕبٔی ئیٕزەرپۆ
ثۆ خبڵ، رٛأزا ثە٘بکبٔی ثبرأجبریٓ ٌە ٔبٚچەکبٔی  CHIRPS گۆڕدراٚی

درٚطزکزاٚ ٌەطەر ٔبٚچەی رٛێژیٕەٚەکە  CHIRPS خبڵەکبٔی ٤٩ٔێٛاْ 
ثخەِڵێٕذرێذ ٚ چبٚدێزی سۆررزیٓ دٚٚثبرەثٛٚٔەٚەی ئبیشۆ٘یزەکبٔی 

رأجبریٓ ثکزێذ ٌە ِبٚەی رٛێژیٕەٚەکەدا ٚ ئبِبژەی پێکزاٚە ثۆ کە ثب
ٍُِ )ئەٚ ٔبٚچبٔەی کە ثبرأجبریٕیبْ  ٦٧٧ٔبٚچەی ئبیشۆ٘یزی ثبرأجبریٓ ثە 

 ٣٤ٍِیُ دا ٘ەیە( سۆررزیٓ دٚٚثبرەثٛٚٔەٚەیە ) ٦٧٧ – ٥٧٧ٌە ٔێٛاْ 
ع طبڵ( ٌە ٔێٛاْ ٘ەِٛٚ ٔبٚچە ئبیشۆ٘ێزەکبٔی رزی ثبرأجبریٓ، ٚ ئەِە

ٌە  .ثٛٚە ٍُِ ثبرأجبریٓ ٥٦٣طبڵەیە کە  ٤٧ڕۀگذأەٚەی ڕاطزی رێکڕای 
طبڵذا  ١( رۀٙب ٌە ١٤٧٧، ١٣٧٧، ١٦٧٧کبرێکذا کە ئبیشۆ٘یزەکبٔی ثبرأجبریٓ 

طبڵی سۆررزیٓ ثڕی ثبراْ ٌە ٔبٚچەی ٌێکۆڵیٕەٚە(، ٚ  – ٦٧١٩دیبر ثْٛٚ )
ۀٙب ٌە طێ طبڵذا، ( ر١٧٧٧طبڵذا ثیٕزا، ٚ ) ٦( رۀٙب ٌە ١١٧٧ئبیشۆ٘یزی )

ثەڵاَ ئەٚ ثە٘ب سۆر ثەرسأەی ثبرأجبریٓ ٌە ڕٚٚی ئبِبرییەٚە 
کبریگەرییبْ ٌەطەر رەٚری گؼزی ثبرأجبریٓ ٘ەثٛٚ ثۆ ئەٚەی ثەرەٚە 

 .ئبراطزەیەکی ئەرێٕی ثجبد
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 ٣ٜيف حُزلغ حُلخ٢ُ ا٠ُ طو٤٤ْ آٌخٗخص ٓـٔٞػش ر٤خٗخص ٛطٍٞ ح٧ٓطخٍ

CHIRPS ٝحٓظ٤لخء Kriging  ٓغ حُظل٤َِ ح٩كٜخث٢ ُظل٤َِ ح٫طـخٛخص حٌُٔخ٤ٗش

ٓلخكظش أٍر٤َ، اه٤ِْ  -ٗظ٢ ٤َُٝٚٛ ەٝحُِٓخ٤ٗش ُٜطٍٞ ح٧ٓطخٍ ك٢ ٓ٘طوش ى

  .ًٍٞىٓظخٕ حُؼَحم

ري٬٣ً ٓل٤يحً ُٔلطخص  CHIRPS ًخٗض ٓـٔٞػش ر٤خٗخص ٛطٍٞ ح٧ٓطخٍ

 5٘ٓ.ٖٓٔحُطوْ ح٤ٍٟ٧ش، حُظ٢ طلظ١ٞ ٓ٘طوش حُيٍحٓش رٔٔخكظٜخ كٞح٢ُ 

ح ػ٠ِ ٓلطش ١وْ ٝحكيس كو٢ )ٓلطش ر٬ٜ٘ٝس( ٓغ ر٤خٗخص طخ٣ٍو٤ش ؿ٤َ  ًٍ ٌٛظخ

ٓظٌخِٓٚ، كظ٠ حُز٤خٗخص حُٔظخكش ٢ٛ ٓـٔٞػش ر٤خٗخص ًحص ٗوٚ ًز٤َ، ٝحُظ٢ ك٤ٜخ 

  .حٗوطخع ُٔ٘ٞحص ٝأَٜٗ ٧ٓزخد ٓل٤ِش ٝك٤٘ش ػي٣يس

ر٤ٌِٜٜخ حَُٕٔ ٝط٤ٔ٘وٜخ،  CHIRPS ػ٬ٝس ػ٠ِ ًُي، طٞكَ ٓـٔٞػش ر٤خٗخص

ٛش ُِؼي٣ي ٖٓ حُظل٬٤ِص حٌُٔخ٤ٗش حُٔوظِلش رخٓظويحّ حُز٤خٗخص حُ٘وط٤ش أٝ حُلَ

   .حُٔظـٜش ٝآٌخ٤ٗش اؿَحء طل٬٤ِص اكٜخث٤ش ٓوظِلش ٖٓ ٓـٔٞػش حُز٤خٗخص

، ٣ٌٖٔ ُِزخكغ طوي٣ْ ٗظخثؾ ىه٤وش CHIRPS رخ٫ٗظَحى ٓغ ٓـٔٞػش ر٤خٗخص

٤ق ٝح٣َُٔغ ر٘ؤٕ أ٣ش ُِـخ٣ش ٖٓ طل٤ِِٚ ُيػْ ٛخٗؼ٢ حُوَحٍ ٫طوخً حُوَحٍ حُٜل

  .ه٠خ٣خ أٝ ٓٞح٤ٟغ ًحص ِٛش

 طظٔؼَ اكيٟ حُ٘وخ١ ح٣٩ـخر٤ش حُٜٔٔش ٝحُو٣ٞش ٫ٓظويحّ ٓـٔٞػش ر٤خٗخص

CHIRPS  ك٢ أٜٗخ طظ٤ق ُِزخكغ اؿَحء حُظل٤َِ ػ٠ِ ٓٔظ٣ٞخص ٤ُ٘ٓش ٓوظِلش

)٣َٜٗش، ٤ٔٓٞٓش، ٣ٞ٘ٓش( َٝٓحهزش ر٤٘ش حُز٤خٗخص ٫ًظ٘خف حُظوِزخص ٝح٫طـخٛخص 

 ٣ٌٖٔ ىٓؾ ٗظخثؾ ٓـٔٞػخص حُز٤خٗخص  .ز٤خٗخص ٝه٤خّ أ٤ٔٛش حُ٘ظخثؾك٢ حُ

CHIRPS  ،ك٢ حُيٍحٓخص حُٔوظِلش حُز٤ج٤ش، ٝحُٔ٘خه٤ش، ٝحٍُِحػ٤ش، ٝح٤ُٜيٍُٝٞؿ٤ش

... اُن ٗٔخًؽ ٣ِٓي ٖٓ حُظل٤َِ حُؼ٤ٔن َُٛي حُـلخف، ٝطوط٢٤ ح٩ٗظخؽ حٍُِحػ٢، 

خثٜٚ، ٝأٗظٔش حُظ٤ٜ٘ق ٝحُيٍحٓخص ح٤ُٜيٍُٝٞؿ٤ش، ٝؿٞحٗذ طـ٤َ حُٔ٘خم، ٝهٜ

  .حُٔ٘خه٤ش، ٝطل٫ٞطٜخ ٝطـ٤َحطٜخ حٌُٔخ٤ٗش حُِٓخ٤ٗش

أٟٝلض ٗظخثؾ حُيٍحٓش ٝؿٞى طٌرٌد ًز٤َ ك٢ ٤ًٔخص ح٧ٓطخٍ حُٞحٍىس ك٢ 

ٓ٘ش ٖٓ كظَس حُيٍحٓش، ٌٝٛح حُظٌرٌد ٣ٌٕٞ ػ٠ِ ٗلٞ  ٓٗٓ٘طوش حُيٍحٓش ػ٠ِ ٓيٟ 
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ُٔ٘ٞحص، ػ٠ِ ٓز٤َ ٣ئى١ ا٠ُ حٍطلخع ٗي٣ي ك٢ ه٤ْ ٛطٍٞ ح٧ٓطخٍ ك٢ رؼٞ ح

ِْٓ(  55ٙ=  5ِْٕٔٓٓ(، ) 5ٖ٘=  1ِْٕٔٓٓ(، ) 5ٙٗ=  511ٔحُٔؼخٍ: )

أػَص اكٜخث٤ًخ ػ٠ِ ح٫طـخٙ حُؼخّ ُٜطٍٞ ح٧ٓطخٍ ك٢ ٓ٘طوش حُيٍحٓش ٝأهلض 

  .ٓ٘ٞحص ٛطٍٞ ح٧ٓطخٍ حُ٘ي٣يس حُـلخف

ٝهي طٔزذ ًُي ك٢ إٔ حُلخُش حُؼخٓش ُٜطٍٞ ح٧ٓطخٍ ك٢ ٓ٘طوش حُيٍحٓش ُِلظَس 

ً ك٢ ح٫طـخٙ حُوط٢ )+حُ ً ا٣ـخر٤خ ( ٓغ ه٤ٔش حٗلَحف 1.ُٕٙٔ٘ٔٞش طظَٜ حطـخٛخ

طوِزخص  -( ُٔو١ٞ ح٧ٓطخٍ ك٢ ح٧ٍرؼ٤ٖ ٓ٘ش، ٓٔخ ٤٘٣َ ا٠ُ 1ٕٔٓؼ٤خ١ٍ ػخ٤ُش )

  .ٝطلخٝطخص ػخ٤ُش ر٤ٖ ٤ًٔخص ح٧ٓطخٍ ر٤ٖ ٓ٘ٞحص كظَس حُيٍحٓش

 ٓٗش ػ٠ِ ٓيحٍ ك٤ٔخ ٣ظؼِن رخُظزخ٣ٖ حٌُٔخ٢ٗ ُٜطٍٞ ح٧ٓطخٍ ك٢ ٓ٘طوش حُيٍحٓ

خ ٖٓ كظَس حُيٍحٓش، كبٕ ٓـٔٞػش ر٤خٗخص ًٓ ٖٓ ه٬ٍ أىٝحص ١َٝم  CHIRPS ػخ

حُظل٤َِ ح٩كٜخث٢ حُــَحك٢ ؿؼِض ٖٓ حٌُٖٔٔ طوي٣َ ٤ًٔش ح٧ٓطخٍ ك٢ ٓ٘طوش 

، ٝهي ٗظؾ ػٖ ًُي حُلٍٜٞ ػ٠ِ Kriging حُيٍحٓش رؤًِٜٔخ رخٓظويحّ ح٫ٓظ٤لخء

حُيٍحٓش ٓغ طو٤ْٔ ٓ٘طوش حُيٍحٓش ا٠ُ  ه٣َطش طل٤ِ٤ٜش ُٜطٍٞ ح٧ٓطخٍ ك٢ ٓ٘طوش

ْٓ ر٤ٖ حُظ٣ُٞؼخص حٌُٔخ٤ٗش ُٔ٘خ١ن ٛطٍٞ  ٓٓٔٓ٘خ١ن طٔخه٢ ح٧ٓطخٍ رلخَٛ 

  .ح٧ٓطخٍ

 CHIRPS ُٔـٔٞػخص حُز٤خٗخص حُ٘وط٤ش Kriging رخٓظويحّ ح٫ٓظ٤لخء

 حُٔلُٞش ا٠ُ ٗوخ١، كوي طْ طوي٣َ ه٤ْ طٔخه٢ ح٧ٓطخٍ ك٢ حُٔ٘خ١ن حُٞحهؼش ر٤ٖ ٗوخ١

CHIRPS  ٗوطش كٞم ٓ٘طوش حُيٍحٓش َٝٓحهزش أًؼَ طٔخ١ٝ  5ٗحُزخُؾ ػيىٛخ

ح ه٬ٍ كظَس حُيٍحٓش ٝح٩ٗخٍس ا٠ُ إٔ طٔخه٢ ح٧ٓطخٍ  ًٍ طٔخه٢ ح٧ٓطخٍ طٌَح

 - ْٓٓ٘ٓ )حُٔ٘خ١ن حُظ٢ ٣ظَحٝف ٓؼيٍ طٔخه٢ ح٧ٓطخٍ ك٤ٜخ ر٤ٖ  ٓٓٙرٔٔخكش 

ح ) ٓٓٙ ًٍ خ( ٖٓ ر٤ٖ ؿ٤ٔغ ٓ٘خ١ن طٔ ْٖٗٓ( ٢ٛ ح٧ًؼَ طٌَح ًٓ خ١ٝ ح٧ٓطخٍ ػخ

خ ح١ٌُ ًخٕ  ٓٗح٧هَٟ، ٌٝٛح ٣ؼٌْ كو٤وش ٓظ٢ٓٞ  ًٓ ْٓ ٖٓ ٛطٍٞ  ٖٕ٘ػخ

( هي ظَٜص ٓٓٗٔ، ٖٓٓٔ، ٕٓٓٔك٢ ك٤ٖ إٔ طٔخ١ٝ ٛطٍٞ ح٧ٓطخٍ  .ح٧ٓطخٍ

 isohyetػخّ حُٞكَس ح٧ػ٠ِ ك٢ ٓ٘طوش حُيٍحٓش(،  - 5ٕٔٓك٢ ػخّ ٝحكي كو٢ )

حص كو٢، ٌُٖ طِي حُو٤ْ ( ك٢ ػ٬ع ٓ٘ٞٓٓٓٔظَٜص ك٢ ػخ٤ٖٓ كو٢، ٝ ) (1100)

حُٔظطَكش ُٔو١ٞ ح٧ٓطخٍ أػَص اكٜخث٤ًخ ػ٠ِ ح٫طـخٙ حُؼخّ ُٜطٍٞ ح٧ٓطخٍ 

 .ُظٞؿ٤ٜٚ ا٠ُ حطـخٙ ا٣ـخر٢


