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ABSTRACT. This research assesses the Iragi environment using the Rainfall Irradiation Index (RAI) method to
see if climate change and drought can be controlled. The data used are from NASA's POSECERES and MERRAS
databases for the period 1981-2021, and are annual precipitation values. The information from six weather stations
scattered across Iraq is used to investigate the Iragqi environment (Baghdad, Ninevah, Al-Anbar, Wasit, Muthanna and
Basra), and Normalized difference vegetation index (NDVI) for those six governorates were calculated . The result
showed that Rainfall Index (RAI) a higher upside of rainfall in humid(15 times in Muthanna), dry(14 times in Nineveh)
and very dry regions(10 times in Baghdad and Wasit), it is also found that the variation of the (RAI) is related to the
change in vegetation cover, The lowest value of (RAI) for Wasit station(0.0391) was led to (37.7736 %) aridity lands, and
the highest value of (RAI) was for the same station (4.8563) led to (36.0869) aridity lands, compared to the northern and
southern stations, the central stations had more stable precipitation. Most of the time, around all the RAI reference values,
the dry cluster is the dominant example in the Iraqi district, which means that each of the six stations has a negative
rainfall variance, and all of the stations in the study show a drought index,. Where is the result of NDVI maps???

Key words — Drought, Rainfall anomalies index, Precipitation, NDVI.
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1. Introduction

Drought is an identified term that many people
understand and that inspires images of arid, desert
countries with few sources of regular surface water and
rainfall (Maliva and Missimer, 2012). The arid world
covers about 40 percent of the Earth's surface
( Deichmann, and Eklundh , 1991). Desertification refers
to land depletion due to climate variability and
human activity in drought, semi-arid, and arid sub-
areas (UNCCD, 2014). Climatological indices are used
to describe and quantify drought, which is a complex
process, all of which have their own characteristics
and are mutually reinforcing. (Arora, 2002). Recent
research has shown conclusively that the climate
is changing rapidly as a result of global warming, with
the desire to write the most accurate description of
the level of aridity increasing (Al-Khalidi et al., 2020).
One of the most important consequences of climate
change is the cumulative occurrence of droughts and the
increasing impact of climate droughts on agroforestry
ecosystems (Ferragina, 2010). Although it is difficult to
distinguish their effects visually, the conceptual shift
between drought and desertification is the same as that
between weather and climate (Perini, 2008). In drought,
the lack of rainfall is influenced by the local climate and is
characterised by persistent or seasonal rainfall (Cook et
al., 2004). Several studies have demonstrated the
relationship between drought and vegetation cover in Iraq,
relying on the values of drought and rainfall indices in
Irag.

Al-Kakey et al., 2024 studied the spatial and
temporal characteristics of drought in the upper basin of
the Little Zab River from 2004 to 2018, The
Reconnaissance Drought Index (RDI), the Second
Adjusted Soil Vegetation Index (MSAVI2), and the
Normalized Difference Water Index (NDWI) were
adopted as indicators of meteorological, agricultural, and
hydrological drought, it was found that severe to extreme
drought was recorded in the hydrological year 2007-2008,
and continued until 2008-2009 (Al-Kakey et al., 2024).

The rainfall anomalies for 12 stations in Erbil
Governorate. The results showed that multiple consecutive
drought years occurred at all study stations to varying
degrees. (Khalid, 2024).

The changes in vegetation cover in Halabja city,
Irag, using Landsat-5 the matic mapping images. NDVI
image discrimination and subsequent classification
techniques were applied, and the results indicated a sharp
decrease in dense, sparse and moderate vegetation cover,
with an increase in the non-dense vegetation cover
category (Aldoski , 2013).
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Fig. 1. The location of study stations (GIS analysis).

Among the existing VIs, the Normalised Difference
Vegetation Index(NDVI) is the most commonly used and
is the most fully operational, worldwide vegetation index,
due to its ratio of properties, which allows the NDVI to
capture a large proportion of the noise generated by
different sun angles, geography, shadow or cloud
conditions and atmospheric conditions. (Bakr et al., 2024 ;
Huete et al., 1999; Khalaf and Hummadi, 2023).

The aim of this study is to investigate the impact of
rainfall on the distribution of vegetation cover in selected
areas of Iraq using the Rainfall Anomaly Index (RAI) and
NDVI to determine the nature of the relationship between
them.

2.1. Datasets used

The study area is represented by six stations, these
stations are spread over different parts of Iraq and differ in
terms of their geological characteristics, surface area, soil
type and water source, as well as altitude (Table 1). These
six stations are characterized by different climatic
elements in terms of the average values of the table
(Table 2).

These stations are: Nineveh, Anbar, Baghdad, Basra,
Al-Muthanna, and Wasit Station (Fig. 1). The data used
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TABLE 1

Geographical location of the six station of study

Stations Altitude (m) Longitude Latitude Area
(deg) (deg) (km?)
Baghdad 34 44.37 3331 4555
Ninevah 223 43.16 36.35 37323
Al-Anbar 375 433 3341 138501
Wasit 30 45.83 32.50 17153
Muthanna 30 31.32 45.28 51740
Basra 24 47.82 30.50 19070
TABLE 2
Average climate data for the study period
Stations Temperature Relative Wind Velocity Rainfall
() Humidity (%) (mfs) (mm)
Baghdad 23.68 35.99 341 138.81
Ninevah 21.29 42.36 2.93 246.92
Al-Anbar 22.44 38.695 3.996 76.66
Wiasit 24.25 32.996 4.35 165.01
Muthanna 24.18 30.98 41 69.05
Basra 25.24 33.55 3.12 97.91

in this study were for time series (1981-2021) and annual
precipitation component values obtained from NASA and
Power for this period (https://power.larc.nasa.gov/data-
access-viewer/). The ones we used are important and can
be used to give us an idea of the climate in Irag (Michael
etal., 2016).

2.2. Rainfall anomalies Index (RAI)

The Rainfall Anomaly Index is a method for
assessing the spatial distribution and intensity of rainfall
events, comparing the current rainfall situation with
historical values and characterising and monitoring the
spatiotemporal variability of rainfall in a given region. It
works best in semi-arid areas (Nobrega and Santiago,
2014) .

We can categorise wet and dry periods in different
intensity levels by using the rainfall anomaly index, which
is used to classify the significant anomalies of negative
and positive rainfall periods in rainfall time series. The
main feature of this index is its ease of use, as it requires
only the calculation of precipitation data. (de Oliveira
Sanches et al., 2014).

Van Rooy (1965) indicates that the basis for
calculating the RAI is very simple and efficient and that
Equations 1 and 2 allow comparison of rainfall variations
in the standard form of different locations. (Van Rooy,
1965).
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RAI =3 [AI;;_I;] for positive anomalies

)

RAI = -3 [%] for negative anomalies 2
where: N = current yearly rainfall, which is the year that
RAI is generated (mm). N= yearly average rainfalls of
time series (mm). M = mean of the ten biggest yearly
rainfalls of time series (mm). X = mean of the ten
lowermost yearly rainfalls of time series (mm).

Where positive anomalies are situated above the
average and the negative anomalies are lower (Sa et al.,
2018). In this study, an Excel sheet was used to calculate
the values of RAI.

The values can be categorized giving to Table 3.

TABLE 3

Categories of the Rainfall Anomaly Index (RAL).

RAI range Classification

Above 4 Extremely humid
Rainfall Anomaly 2104 Very humid
Index (RAL) .

O0to2 Humid

-2t00 Dry

-4 to -2 Very dry

Below -4 Extremely dry

2.3. NDVI

In a natural organic framework, vegetation fulfils a
role. It continues to trade energy and hydrological, global
environment and carbon patterns in different ways (Peng
etal., 2012).

From local to global, vegetation differences are
useful indices for natural and environmental assessment.
In the tropics, this transformation is masked by thick
vegetation and overcast. As NDVI is sensitive to growth
conditions, productivity and other biophysical and
biochemical parameters of vegetation, changes in NDVI
may reflect changes in vegetation growth conditions.
Standardised vegetation record NDVI has become the
norm for vegetation (Huete and Liu, 1994).

NDVI is one of the most widely index used
vegetation indexes, its usefulness in satellite assessment
and general vegetation coverage has been well established
over the last many years. (Leprieur et al., 2000). NDVI is
following on the near infrared band (band 5) and the red
band (band 4), it is an efficient and practical device for
observing  vegetation (Birtwistle et al., 2016)
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where is the Ry, reflectance of NIR and Rp., is the
reflectance of visible red radiation Vegetation images
(NDV1) were used for the last two decades and were taken
for the month of May, years when vegetation cover is
greatest, and for the month of August, when vegetation
growth is least, over a period of 21 years.
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3.1. Temporal analysis of rainfall

The highest annual precipitation value at the
Baghdad station was in 2005, while the highest
precipitation value at the Basra station was in 1981. For
the other five stations, 2018 was the wettest year on record
(Fig. 2). Rainfall rates vary between study stations due to
differences in geographical features as well as differences
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TABLE 4

The classification of the RAI frequency for stations

Stations Extremely Very humid Dry Very Extremely
humid  humid dry dry
Baghdad 3] 5 9 12 10 2
Ninevah 3 3 11 14 9 1
Basra 2 3 13 12 2
Anbar 1 6 13 12 8 1
Muthanna 2 4 15 11 1
wasit 2 7 9 13 10 0

in the impact of climatic events such as the North Atlantic

Oscillation and the EI Nino. In general, the lowest
precipitation value was at Al-Muthanna station, while the
highest precipitation value was at Nineveh station.

3.2. Classification of RAI
The values of the RAI indicate the frequency of the

precipitation. From the stations of study the highest value
was for the type (humid) at Muthanna Station and the
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lowest value was for the type (extreme drought) at Wasit,
Ninevah and Anbar stations. The wet and dry types were
also found to be the most common types of drought at
almost all study stations, as they are non-extreme types
(Fig. 3; Table 4). The six study areas can be classified
according to the drought type (extreme, very dry, dry,
very dry and extreme dry) in Table 3, using the mention in
methodology, with the extreme drought occurring more
often at Baghdad and Basra stations. This is because of the
higher temperature extremes. As for rainfall variability, it
was highest at Baghdad, Nineveh and Wasit stations and
more stable at Anbar station, as these are flat areas and
contain moisture levels that are not extreme due to
precipitation. As for the wet part, it's most common at Al-
Muthanna station. Moreover, the dry variety was most

common at Nineveh, This is due to the impact of climate
change and the decrease in the amount of rainfall, while
the very dry variety was more common at Baghdad and
Wasit. In general, the highest (RAI) for the extremely dry
class was recorded at Basra and Baghdad stations, and the
lowest for this class was recorded at Wasit station (Fig. 3).

In general, drought types and frequencies vary
between regions and time periods depending on the
characteristics of the region, in addition to global climatic
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TABLE S

Aridity areas change the maximum and minimum values of the RAI

Minimum Maximum
Stations year (RAI) Aridity land area year (RAI) Avridity land area
percentage (%) percentage (%)
Baghdad 2021 -2.72 27.0319 2005 5.45 22.0109
Ninevah 2021 -3.56 27.8778 2018 5.92 32.0526
Basra 2008 -3.42 84.8102 2018 5.19 83.3778
Al-Anbar 2008 -3.63 34.0971 2018 10.50 35.9192
wasit 2017 -2.75 37.7736 2018 5.03 36.0869
Muthanna 2017 -3.85 62.0987 2018 6.99 61.9811

events such as the ElI Nino Southern Oscillation and the
North Atlantic Oscillation.

3.3. Frequency of RAI

The rainfall index values for all six study areas
(Baghdad, Nineveh, Al-Anbar, Wasit, Muthanna and
Basra) were negative and classified as dry. This in turn
provides a clear and significant indication that all study
areas have identified a decrease in rainfall and have also
experienced drought (Fig. 5). Generally, the mostfluctuate
amount of precipitation was at the Wasit station, while the
Baghdad station was the most stable in the amount of
precipitation.

All stations studied showed drought, but in
different ways, therefore, the necessary decisions to
mitigate drought and to reduce its impact on the
environment and vegetation cover can be made by this
variation in the RAI. Areas with the highest RAI require
more drought management in terms of provision
Alternative methods of rain include using groundwater
and applying modern irrigation techniques such as
distillation to maintain the environment and vegetation
cover.

3.4. Relationship RAI to vegetation cover

The relationship between (RAI) and vegetation cover
has been studied by using the six study stations' satellite
images. The vegetation cover area, whether natural or
cultivated, is directly influenced by changes and variations
in rainfall, which in turn affect the vegetation cover area
for the last two decades of the study period, using annual
NDVI images. This means that changes in RAI values
lead to changes in vegetation cover, which fluctuate and
are not symmetric, depending on the nature of the area and
on the type of plant (Fig. 4). The maximum value of (RAI)
was in 2018 for most stations, which was a year of
abundant rainfall, while the minimum value of the index
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was in years of little rainfall. It was observed that the
barren areas devoid of vegetation cover increased with an
increase in the value of (RAI) as in Ninevah station, Al-
Anbar, Muthanna and Basra. The increase in rainfall
anomalies has been accompanied by a decrease in rainfall
in most regions due to a decrease the vegetation covered
area, but, the situation was reversed in the Muthanna and
Baghdad areas, where the increase in RAI led to a
decrease in the area of barren land and an increase in
vegetation (Table 5).

4. Conclusion

This study can provide us with a good proxy for
studying climate change. The results of this study include:

(i) Irag's climate is characterised by variability and
instability in terms of rainfall over the last four decades, as
investegated by RAI.

(ii) Rainfall
conditions.

is dominated by wet and very dry

(iii) The rainfall index values for all study areas were
negative, and were classified as dry. This indicates that all
study areas experienced a decrease in rainfall.

Author contribution

D. I. Bakr: Data analysis.

J. Al-Khalidi: manuscript review, (Email-jasimkhalel77@
yahoo.com).

Sardar.M.R. K: wrote the paper,(Email-Sardar.kareem@
su.edu.krd).

A.F. Hassan: review and collected the data, (Email-
ahmedfalih 1122@gmail.com).

S Gh Hameed: performed the experiments, (Email-
Safa.hameed@su.edu.krd).

A. m Al Salihi: collected maps. (Email-Alialsalihi.atmsc
@uomustansiriyah.edu.iq).



MAUSAM, 77, 1 (January 2026)

Disclaimer: The contents and views presented in this
research article/paper are the views of the authors and do
not necessarily reflect the views of the organizations they
belong to.

References

Al-Kakey, O., Dunger, V., Al-Mukhtar, M. and Gaznayee, H.A., 2024,
"Evaluating meteorological drought and its impacts on
vegetation cover and surface water in the headwater of Little
Zab River Basin", Rev. Ciénc. Agroveterinarias, 23, 4, 739-750.
D0i:10.5965223811712342024739.

Al-Khalidi, J., Bakr, D., Hadi, A. and Omar, M., 2020, "Investigating the
linkage between precipitation and temperature changes in Iraq
and greenhouse gas variability”, J. Earth Space Phys., 46, 3,
199-212. doi:10.22059/jesphys.2020.288915.1007160

Aldoski, J., 2013, "NDVI differencing and post-classification to detect
vegetation changes in Halabja City, Irag”, IOSR J. Appl. Geol.
Geophys. (IOSR-JAGG), 1, 2, 1-10. doi:10.9790/0990-0120110

Arora, V.K., 2002, "The use of the aridity index to assess climate change
effect on annual runoff*, J. Hydrol, 265 164-177.
doi:10.1016/s0022-1694(02)00101-4

Bakr, D.l., Al-Khalidi, J. and Hamid, B.T., 2024, "Climate changes
impact on the distribution of vegetation in Wasit and Nineveh
regions of Iraq", J. Agrometeorol., 26, 87-91.
doi:10.54386/jam.v26i1.2417.

Birtwistle, A.N., Laituri, M., Bledsoe, B. and Friedman, J.M., 2016,
"Using NDVI to measure precipitation in semiarid landscapes”,
J. Arid Environ., 131, 15-24. doi:10.1016/j.jaridenv.2016.04.
004.

Cook, E.R., Woodhouse, C.A., Eakin, C.M., Meko, D.M. and Stahle,
D.W., 2004, "Long-term aridity changes in the western United
States"”, Science, 306, 5698, 1015-1018. doi:10.1126/science.
1102586.

de Oliveira Sanches, F., Verdum, R. and Fisch, G., 2014, "O indice de
anomalia de chuva (IAC) na avaliagio das precipitacdes anuais
em Alegrete/RS (1928-2009)", Caminhos Geogr., 15, 51, 73-84.
doi:10.14393/RCG155126423.

Deichmann, U. and Eklundh, L. 1991, “Global digital datasets for land
degradation studies: A GIS approach”, Global Environment
Monitoring System, United Nations Environment Programme,

162

Nairobi, Kenya. Available at: https://trove.nla.gov.au/work/
21947593?q&versionld=26449303 (Accessed: 9 July 2018).

Ferragina, E., 2010, "The water issue in the Mediterranean", Environ.
Sustain. Dev. Mediterr., 53-77.

Huete, A., Justice, C. and Van Leeuwen, W., 1999, "MODIS vegetation
index (MOD13)", Algorithm Theor. Basis Doc., 3, 213, 295-
309.

Huete, A.R. and Liu, H.Q., 1994, "An error and sensitivity analysis of
the atmospheric- and soil-correcting variants of the NDVI for
the MODIS-EOS", IEEE Trans. Geosci. Remote Sens., 32, 4,
897-905. doi:10.1109/36.298018.

Khalaf, A.A. and Hummadi, A., 2023, "Time series analysis of drought
indices for monitoring desertification and land degradation”,
Iragi Natl. J. Earth Sci., 23, 2, 189-202. http://dx.doi.org/
10.33899/earth.2023.139660.1068.

Khalid, A.A., 2024, "Drought assessment based on Rainfall Anomaly
Index (RAI) across Erbil-lraq”, Polytech. J.,, 14, 1.
doi:10.59341/2707-7799.1827.

Leprieur, C., Kerr, Y.H., Mastorchio, S. and Meunier, J.C., 2000,
"Monitoring vegetation cover across semi-arid regions:
comparison of remote observations from various scales”, Int. J.
Remote Sens., 21, 2, 281-300. doi:10.1080/014311600210830.

Maliva, R. and Missimer, T., 2012, "Arid lands water evaluation and
management", Springer Sci. Bus. Media.

Mishra, A.K. and Singh, V.P., 2010, "A review of drought concepts", J.
Hydrol., 391, 1-2, 202-216.

Nobrega, R.S. and Santiago, G.A.C.F., 2014, "Tendéncia de temperatura
na superficie do mar nos oceanos Atlantico e Pacifico e
variabilidade de precipitagdo em Pernambuco", Mercator, 13, 1.
d0i:10.4215/RM2014.1301.0008

Peng, D., Zhang, B., Liu, L., Fang, H., Chen, D., Hu, Y. and Liu, L.,
2012, "Characteristics and drivers of global NDVI-based FPAR
from 1982 to 2006", Glob. Biogeochem. Cycles, 26, 3.

S4, E.A.S., Moura, C.N.D., Padilha, V.L. and Campos, C.G.C., 2018,
"Trends in daily precipitation in highlands region of Santa
Catarina, southern Brazil", Rev. Ambient. Agua, 13, 1, e2149.

UNCCD, 2014, "Desertification: The invisible frontline”, UNCCD
Secretariat, Bonn, Germany.

Van Rooy, M. P., 1965, “A rainfall anomaly index independent
of time and space. 14, 43-48.



