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Assessing environmental sensitivityAreas (ESA)
using MEDALUS model in TelKaif districtofnorthern
Iraq

Abstract

This studyconducted in Tel Kaif district in the northern part of Nineveh Governorate,
located between longitudes ("42'33°41— "20'19°43) east and latitudes ("20'23°36-
“14'54°36) north to assess its environmental sensitivity to desertification (ESA). Fifteen
representative sites selected based on the agricultural uses, vegetation cover, and
topography. The geographical coordinates of the study sites were determined using a
GPS device, and climatic and descriptive data for the study area taken, and soll
samples taken for the required laboratory analyses. The obtained data converted into
weighted evidence from special tables, so that four indices were calculated, namely the
Soil Quality Index (SQI), Vegetation cover Quality Index (VQI), Climate Quality Index
(CQI) and Management Quality Index(MQI) required according to the requirements of
achieving the Mediterranean Desertification and Land Use (MEDALUS) model. Finally,
the Environmentally Sensitive Areas Index(ESAI) equation applied to classify the study
area and evaluate its environmental sensitivity to desertification, and then the Kriging
technique wasused within GIS programs to employ the results of the study by
classifying the lands and representing them cartographically. The results showed that
most of the study sites have a high environmental sensitivity to desertification (ESA) of
the Critical type and below the C3 type, site 15 was Critical - C2, while sites (7 and 9)
were Fragile - F2, and Site 6 was Fragile - F3. Therefore, the study area is located
within the areas threatened by desertification, according to the assessment of the
Environmental Sensitivity to Desertification Index, which is based on the MEDALUS
model.
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Introduction

The phenomenon of desertification is a serious environmental problem in environments with arid
and semi-arid climates, which are highly sensitive to the causes of desertification and include large
areas of land around the world [1].Lands sensitive to desertification affected by extreme conditions
and unsustainable over-exploitation of land resources, which leads to ecosystem disturbance over
time and thus land degradation and desertification [2], which affects food security and increases
poverty, violence, migration, and social disintegration [3].Therefore, desertification must be
combated through strict environmental policies to improve the environmental conditions of drylands,
and maintain sustainable development globally [4,5].

One of the modern methods for assessing land degradation and desertification is the use of
mathematical models to predict areas that are environmentally sensitive to desertification. In light of
the expectations obtained from these predictions, appropriate measures can be adopted to reduce
land degradation in a timely manner [6].The Mediterranean Desertification and Land Use Modeling
(MEDALUS) method [7] used to identify areas sensitive to desertification (ESA) by using four
indicators related to land degradation: soil characteristics, climate, Vegetation coverage, and



Management methods. This model provided acceptable results for monitoring desertification risks in
Mediterranean countries such as Greece, Spain, ltaly, Turkey and Greece [8,9,10,11], Egypt and
Syria [12,13] and neighboring regions such as Iraq and Iran[14].

Under the conditions of Iraqi lands, the modified MEDALUS model was implemented in several
regions that include influential criteria for predicting the soil quality index, such as electrical
conductivity (EC), slope, organic carbon and calcium carbonate [15]and Normalized Differential
Vegetation Index (NDVI) also used to express the vegetation index [15].

The current study conducted due to the limitations of such studies in northern Iraq and the
challenges of economic and social conditions related to water scarcity, climate change, and
degradation and desertification of agricultural lands, with the aim of assessing the environmental
sensitivity to desertification in TelKaif district.

Materials and methods

1. Description of the investigated area:The center of TelKaifDistrict is located about 10 km
north of the city of Mosul within Nineveh Governorate, between longitudes (¥42'33°41 and"20'19°43)
and latitudes ("20'23°36 and “14' 54°36) (Figure 1). The region's lands characterized by varying
degrees of undulation, which increases towards the north, while the southern parts are slightly
inclined to almost flat. The climate of the study area is hot, dry summers and moderately cold winters.
The average annual temperature is 21.1°C, and the average annual-rainfall is 345 mm, based on
climate data for the period 2002-2022. It is located within Thermic andXeric system according to
Soil Survey Staff 2014.

2. Field Study:A semi-detailed survey of the study area conducted in'summer 2023 using a free
survey method, where 15 representative sites of the study-.area were identified and their
geographical coordinates were recorded using a global positioning system device (GPS) based on
agricultural uses, prevailing plant coverage, and the topography of the land.

The slope, rock fragment, and drainage of the study. sites.were determined, and soil samples were
taken from the selected sites to condugt laboratory analyzes (partial soil distribution (PSD), bulk
density, OC, and CaCO3 according tothe Soil Survey Laboratory Methods Manual, US Department
of Agriculture Soil (2014).
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Fig. 1. Map of study sites
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Environmentally Sensitive Areas for Desertification Assessment (ESA):

Environmentally Sensitive Areas (ESA) assessed in two stages according to the Mediterranean
Desertification and Land Use System model (MEDALUS) [7]. In the first stage: four indiceswere
calculated separately forassessing environmental sensitivity to desertification (ESA) according to
special equations, namely; Soil Quality Index (SQI), Climate Quality Index(CQI), Vegetation Quality
Index(VQI), and Management Quality Index(MQI), based on special tables. In the second stage, the
four indicators multiplied according to a special equation for assessing environmental sensitivity to
desertification (ESA).

1. Assessment of soil quality (SQ):

Soil quality index (SQI) evaluated in three steps: First: selecting specific soil «characteristics,
second: converting the values of the selected soil properties into indices from special tables, and
third: entering the indices values into equation (1) to calculate the soil quality index (SQI), contained
in the model (MEDALUS) [7].

SQI=(ITx IS x IP x IR x IDr x IOM x ICa x ID)”8 ...... (@B

As: SQI- soil quality index, IT- texture index, 1S- slope index, IR-. gravel and stone index, IDr-
drainage index, IOM- organic matter index, ICa- calcium carbonate index and (D= Soil-depth index.

2.Assessment of Climate Quality Indicator (COI):

To calculate the Drought Index the average annual rainfall and temperatures for the years
mentioned above were converted into indices using special. tables, then the climate quality index
(CQI) was calculated using equation (2) according to Kosmas et aly(1999), then the climate quality
was classified and divided into three classes, depending on the ranges mentioned in Table (1).

CQI =(Rainfall x Aridity)”? ............. @)

3. Vegetation Quality Indicator (VOI):

The vegetation quality was evaluated. by determining: (a) Fire Risk, (b) Erosion Protection, (c)
Drought Resistance, (d) Vegetation Cover, and the vegetation quality index was classified into three
categories using equation (3) and as.in the table (1):

VQI= (Fire Risk x Erosion Protection xDrought Resistancex Vegetation Cover)”4 ............ (3)

4. Management Quality Indicator(MOU):

Land Use Intensity and Policy Enforcement were used to evaluate the management quality
(MQI) according to the main:uses.of land or the degree of stress resulting from human activities,
using equation (4) according to Kosmas et al., (1999),then the management quality category
wasdetermined from-the following table (1).

MQI = (Land Use Intensity x Policy Enforcement)*.......(4)

Finally, the four indicators (SQI, CQI, VQI, MQI) were classified into three categories: high
quality, medium quality and low quality according to the following table.

Table 1.Range and classification of (SQI, CQI, VQI, MQI)

Grade SQl CQl VQI MQI Class Description
1 1-1.6 1.15 > 1-1.6 1-1.25 High quality
2 1.13-1.45 1.15-1.81 1.7-2.7 1.26 -1.50 Medium quality
3 1.46 < 1.81< 2.8-16 1.51< Low quality

Environmental Sensitivity Assessment to Desertification (ESA):

The results of the four indices (soil quality index, climate quality index, vegetation quality index,
and management quality index) were used to evaluate environmentally sensitive areas for
desertification (ESA) based on the (MEDALUS) model according to Kosmas et al. (1999) and
according to the following equation:

ESAI = (SQI x CQI x VQI x MIQD™ ................. (5)




Finally, the environmental sensitivity (ESA) of the study area classified based on Table (2), and
based on these results; a map of the environmental sensitivity to desertification was created using
the Kriging program.

Table 2. Types of environmentally sensitive areas for desertification (ESAI)

ESAIl range Type Sub type
1.17 > Non affected N
1.22-1.17 Potential P
1.26—1.23 Fragile F1
1.32-1.27 Fragile F2
1.37 -1.33 Fragile F3
1.41-1.38 Critical C1
1.53-1.42 Critical Cc2
1.53< Critical C3

RESULTS and DISCUSSION
Environmental Sensitivity Assessment to Desertification (ESA):

Environmental sensitivity to desertification assessed by evaluating four:indicators: soil quality,
climate quality, vegetation quality, and management quality, according to.the MEDALUS model, as
follows:

1. Soil Quality Assessment:

Soil qualitiesweredetermined by applying equation (1)'asmentioned byKosmas et al., (1999).The
best values of 1.17 and 1.16 were recorded in sites 9 and 15,respectively, while the lowest SQ
values of 1.30, 1.31, 1.34, and 1.37 were in sites 5, 6, 12, and 14, respectively, and is considered to
be medium quality according to the soil quality classes (table 1).The reason for the low SQ in the
study area can be attributed to the low organic matter and the increase in calcium carbonate, in
addition to the negative effect of gravel,.stony, and undulating topography, especially in the northern
sites (5, 11, and 14). These results appear clearly.in the SQ map (Figure 2), as the soil quality of all
study areas considered to be of medium- quality,.these results agree with the results of many
researchers[8,6].
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Fig. 2.Map showing the soil quality of the study area according to the Kriging program



2. Climate Quality Indicators (CQD:

Results mentionedin table (1) and figure (3) showed that the climate quality (CQ) includes two
classes: the first is of medium quality whichincludes the northern region of the study area(4, 5, 13,
14, and 15) sites, and its CQI value is 1.85, andcovered15,006 ha with a ratio of 33.24 % of the
study area,and the southern sites(The rest of the sites) considered low quality, its CQI value was
1.79, and covered 30,142 ha, representing (66.76 %) of the study area. These results agree with the
results ofother scientists[10,5].
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Fig. 3.Climate quality Map of the study area, made by the researcher using Kriging program

3. Vegetation Quality Indicator(VOD:

The vegetation cover quality was evaluated according to the MEDALUS model, which includes
four indicators: Fire Risk index (FRI), Erosion Protection index (EPI), Drought Resistance index
(DRI) and Plant Cover index (PCI). The results in Figure (4) show that the sites used for growing
horticultural crops had a low:FR*within class 1 and included three sites (6, 7, 9). As for as rest
ofsitesthat were used for growing winter grains were considered, they had a moderate fire risk
(weighted index 1.3):

As for EP, the three sites exploited by growing horticultural crops had high protection from
erosion, and‘their weighted index was 1.3, while the rest of thesites were in the class5 and had a
very low protection index (weighted index, 2).

As:for DR;:the:three sites usedfororchard cultivation were classified as class 3 with moderate
resistance and, withia weighted index of 1.4, and the rest of thesites were classified as 5 with very
low resistance to drought having weighted index of 2.

As for VCI, the orchard sites are within the class 1with high VQ and their weighted index is 1,
and the rest of thesites are within the class2 withlow VQ and their weighted index is 1.8.

The VQI'was evaluated by applying equation 8, where the study area was divided into two parts.

The first section included sites used fororchards (6, 7, and 9) whichhad a quality index of 1.16and
was located within the classlof high quality. The rest of the sites used for growing winter grain crops
had a quality index of 1.75 and fell within the class2 with medium quality. These results are
consistent with the findings of other workers[3,17,2].

These results appear clearly in the VQ map of the study area (Figure 4), where the first section
with high VQwitharea of 9279 ha, representing 20.55% of the study area, and the rest of the areas
with medium VQwith anarea of 35,869 ha representing 79.45% of the study area.
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4. Management Quality Indicator (MOI): S

The management qualitywasevaluated throu% ﬁNo indicators such asLand Use Intensity (LUI)
and Policy Enforcement (PE). The results K@W // h@@@all thestudy sites have moderate land use
intensity (MLUI) and are within class2and hh a wei ghttfd index of 1.5 according to the ranges of
the agricultural index(LUI). With respe PE; the reslts showed that most of the study sites had
partial (medium) protection and were in class 2 with a weighted index of 1.5, with the exception
of the sites 6, 7, and 9 which had cc Mtectl@mthm class 1 and with weighted index of 1.

Equation (4) applied to evalué\ MQ hatincludes LUI and PE,indicated thatmost study area fall
in class 2 of medium (MQ)Wlth weighted | dex of1.5 (table 3), which is clearly shown in the MQ map
(Figure 5), covering an area of 42,326 ha that represent 93.75% of the study area. The sites 6, 7,
and 9fell within the class 1withhigh quality. coveringan area of 2822 ha representing 6.25% of the
study area (Figure 5). The reason:for the difference in the VQ may be due to the sites usedfor
orchard cultivation that provide goodLUland PE, while the other sites have less LUl and PE and thus
described as havﬁ%e%ﬁ MQ. These results are consistent withearlier workers [9,10,18].
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Fig. 5. Management quality map, made by the researcherusing the Kriging program

Environmental Sensitivity Assessment to Desertification (ESA):

The environmental sensitivity to desertification (ESA)wereassessed through the indicators of
SQI, CQI, VQI, and MQI.These results appear clearly intable 3 andin ESA map (Figure 6) that most
the sites of study area are highly (ESA)(Critical-C3), including sites 1, 2, 3, 4, 5, 8, 12, 13, 14having
an area of 32,912 ha, representing 72.90% of the study area, while site 15 was sensitive to Critical -
C2, with an area of 5,948 ha, representing 13.18%.0f the study area and site 6 was Fragile- F3 with
an area of 3225 ha, representing 7.14% of the area of the study area. As for as sites 7 and 9 are
concerned, they were less environmentally sensitive to. desertification than all other sites (Fragile-
F2) with an area of 3063 ha, representing 6.78% of the study area. These results are consistent with
the findings ofother workers [10,13,5].

Table3. Environmental sensitivity of the study area to desertification (ESA)

Locations SQI | CQL | VQI MQI ESAI Type Sub Type
Qwseat 120 | 1.85| . 1.75 | 1.50 1.55 Critical C3
Gala 1,24 ,1.85 | 1.75 | 1.50 1.56 Critical C3
TalKaif 124 |1185| 1.75 | 1.50 1.56 Critical C3
TalAsquf 124 1,179 | 1.75 | 1.50 1.55 Critical C3
Algosh 130 | 1.79 | 1.75 | 1.50 1.57 Critical C3
Quba 1.37 | 1.85| 1.16 | 1.23 1.38 Fragile F3
Shekh Mohmad | 1.23 | 1.79 | 1.16 | 1.23 1.33 Fragile F2
Alamlok 126 | 1.85 | 1.75 | 1.50 1.57 Critical C3
Wana 1.17 | 1.79 | 1.16 | 1.23 1.31 Fragile F2
Amar Bet 124 | 1.85| 1.75 | 1.50 1.56 Critical C3
Shahea 120 | 1.85| 1.75 | 1.50 1.55 Critical C3
Flfeel 1.34 | 1.85| 1.75 | 1.50 1.60 Critical C3
Manara 124 | 179 | 1.75 | 1.50 1.55 Critical C3
Jambor 1.37 | 1.79 | 1.75 | 1.50 1.59 Critical C3
Fayda 1.16 | 1.79 | 1.75 | 1.50 1.53 Critical Cc2
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Fig. 6. Map of environmental sensitivity to desertification for the study area

CONCLUSION

The study wasconducted in the northern part of Nineveh Governorate to assess its
environmental sensitivity to desertification. (ESA). Fifteen representative sites were selected
and their data transformed into-weighted indices to calculate four indices, namely SQI, VQI,
CQI and MQI, required according to the .requirements for achieving the MEDALUS and
ESAI models. The results:showed that most of the study sites were of type C3 with the
exception of site 15, which was C2, sites 7 and 9 that were F2, and site 6 wasF3.
Therefore, the study area falls'within the areas threatened by desertification, according to
the assessment of the Environmental Sensitivity to Desertification Index based on the
MEDALUS model.
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