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Abstract

This study aimed to evaluate the impact of afforestation with broadleaf, coniferous, and mixed
species on carbon sequestration rates in 40-year-old afforested areas of the Sarnjianeh region,
Sanandaj. The treatments included pure stands of Cupressus sempervirens and Fraxinus
rotundifolia, as well as a mixed stand of F. rotundifolia and Robinia pseudoacacia. Soil samples
(0—-30 cm depth) were collected alongside measurements of aboveground, belowground, and litter
biomass within the afforested stands and an adjacent rangeland. Carbon sequestration in the
aboveground and belowground biomass, litter, and soil was quantified. Data analysis was
performed using one-way analysis of variance (ANOVA) and Duncan's test in SPSS software.
Results revealed that afforestation significantly enhanced organic carbon storage compared to
rangelands. The total organic carbon storage in the control rangeland was 49.05 tons ha™ yr,
which was significantly lower than the afforested stands. The highest organic carbon storage was
observed in the C. sempervirens stand, at 95.26 tons ha™ yr™*. No significant difference was
detected between the mixed stand (81.61 tons ha™ yr) and the F. rotundifolia stand (74.84 tons
ha™t yr™1) regarding total organic carbon storage. The annual carbon sequestration rates per unit
area were estimated at 1.11 tons ha™ yr~* for the C. sempervirens stand, 0.82 tons ha™ yr~ for
the mixed stand, and 0.163 tons ha™ yr~ for the F. rotundifolia stand. The findings demonstrate
that mixed-species afforestation promotes greater carbon sequestration compared to monoculture
stands of Fraxinus due to species diversity. Furthermore, the study highlights the varying carbon
sequestration potentials of different tree species. Coniferous species, such as C. sempervirens,
exhibit higher carbon sequestration rates than broadleaf species, making them more suitable for
semi-arid regions like Kurdistan Province. However, given that some conifers are non-native,
careful consideration of their ecological impacts is essential when incorporating them into
afforestation projects.
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Extended Abstract

Introduction
The occurrence of climate change, desertification, and destruction of natural resources necessitates the use of
afforestation to protect soil, water and atmospheric carbon sequestration (3). Arid and semi-arid areas are

suitable options for conducting carbon sequestration operations. In many parts of the world, forestry projects
in semi-arid areas have been widely used to restore destroyed ecosystems and control soil erosion (39).
Numerous studies in Iran and worldwide have shown that afforestation with various species has a positive
impact on the process of carbon sequestration and improving soil quality (3, 14, 31, 9, 16). The purpose of this
research is to examine the impact of an afforestation project on the reserve and carbon sequestration levels in
the 40-year-old afforested regions of the Seranjiane region of Sanandaj. Due to the differing carbon
sequestration potential of tree species, this research is aimed at evaluating the capacity of forestry with broad-
leaved, coniferous, and mixed species to sequester carbon in the ecosystem.

Material and Methods

Seranjiane Forestry - Dushan with an area of 96.7 hectares is located in the geographical longitude of 47° 0'
20" to 47° 1' 25" and latitude of 35° 13' 22" to 35° 14' 4" (Fig 1). Saranjayaneh Forest Park is a type of hand-
planted forest park, which includes 40-year-old tree stands of pure Fraxin, pure Cupressus and mixed Fraxinus
and Robinia. The control area is a natural rangeland that is next to the afforested area and has similar climate
conditions and topography. The statistical method for determining sampling volume was used to calculate the
appropriate number of sampling plots. The minimum area method was used to determine the appropriate plot
size. Random-systematic sampling method was used to sample tree cover in each forest plot in the 6 plots
measuring 20 x 10 square meters. In forestry stands and nearby rangeland, soil (0-30 cm depth), aboveground,
underground, and litter biomass were sprayed using a random-systematic method. The amount of carbon
sequestered in biomass (aerial and underground), litter, and soil was measured. The data was analyzed using
one-way analysis of variance (ANOVA) and Duncan's test by SPSS version 24 software.

Results

The findings revealed that afforestation has resulted in an increase in organic carbon storage compared to
rangelands. The amount of organic carbon stored in rangelands, which is 49.05 tons per hectare, differs
significantly from other treatments (Table 1). The cypress stand had the highest amount of organic carbon
storage, which was 95.26 tons per hectare. The total amount of organic carbon stored per unit area in two
mixed stands (81.61 tons per hectare) was not significantly different from that in sparrow's tongue (74.84 tons
per hectare). Comparing the average carbon sequestration in underground biomass revealed that the mass of
cypress with a carbon reserve of 0.25 tons per hectare exhibits a significant difference with a mixed mass of
Fraxinus and rangeland at a level of 1% (Table 2). There was no discernible difference in the carbon reserves
of the underground biomass between the other treatments and the rangeland. The comparison of the relative
share of carbon sequestered in different forests revealed that there has been a significant increase in the average
organic carbon storage compared to rangeland in all three forests. The highest amount of soil organic carbon
(157.17 tons per hectare) was observed in the cypress forest. Calculating the Organic Carbon Reserves of the
soil, it was calculated that there were 50.79 tons per hectare in the mixed mass and 27.76 tons per hectare in
the Fraxinus mass. Rangeland was associated with the lowest amount of soil carbon deposition (48.50 tons per
hectare). Fraxinus and two mixed stands had no significant differences in soil organic carbon reserves. The
soil, plant biomass, and litter components in afforested stands and control rangeland revealed that the soil was
the most important area for accumulating organic carbon storage in all the study treatments (Table 3).

Discussion and Conclusion

This research revealed that afforestation in the studied area has resulted in a significant increase in carbon
sequestration in aerial, underground, and litter biomass. Carbon sequestration rates for Sanandaj in cypress,
mixed cypress, and Fraxinus stands are 1.15, 0.82, and 0.63 tons per hectare per year, respectively. The results
of the present study showed that the amount of carbon stored in the aboveground and underground parts of the
forest stands was significantly higher than the control rangeland, but there was also a significant difference
between the forest stands in terms of the carbon sequestration capacity in the aboveground parts. The highest
biomass carbon storage was observed in the C. sempervirens stand, and the mixed stands and F. rotundifolia
had similar capacities in this respect. This is due to the C. sempervirens species' resiliency to cold and drought
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(24) and the low number of losses experienced by the C. sempervirens stand compared to the mixed stand and
F. rotundifolia. This has resulted in an increase in plant biomass in the C. sempervirens stand and,
consequently, an increase in the rate of carbon sequestration per unit area. Quantitative characteristics indicate
that the C. sempervirens species is superior to the R. pseudoacacia species (20), as shown by research. In the
soil sector, afforestation has also caused a significant increase in carbon sequestration compared to pasture,
which was calculated to be 82.1% in the C. sempervirens stand, which was higher than in the mixed and F.
rotundifolia stands. The amount of soil carbon sequestration in the mixed stand was 64% and in the
F. rotundifolia stand was 51%. The amount of soil organic carbon reserves in ecosystems is affected by two
factors: organic carbon input through plant biomass and organic carbon loss through decomposition (34). The
greater the production capacity of aboveground and belowground biomass in different species, areas, and
habitats, the greater the carbon storage in the tree trunk, litter, and soil. If the rate of factors leading to
decomposition and loss of carbon from trees, litter, and soil is lower, the survival of carbon stored in
ecosystems will increase and the amount of carbon sequestration will increase (21). Based on the findings, the
accumulation of litter on the soil surface in the C sempervirens stand is deemed the primary factor responsible
for elevating soil carbon sequestration. The C. Sempervirens species is the most suitable species for carbon
sequestration in afforestation, as it can quickly grow, produce high litter volume, meet ecological needs
appropriate for the region, and can withstand drought and cold condition. Planting trees in arid and semi-arid
areas can lead to carbon sequestration in biomass (airborne and underground), litter, and soil, as evidenced by
this outcome. In the study area, coniferous plants have a more significant impact on carbon sequestration than
broad-leaved plants during afforestation. The research found that mixed cultivation has a more significant
impact on carbon sequestration than pure Fraxinus cultivation because of the diversity of composition.
Different tree species have different potentials for carbon sequestration. In the semi-arid regions of Kurdistan
province and similar regions, coniferous species are the preferred option for carbon sequestration rates over
broad-leaved species due to their lower water requirements.

Keywords: Desertification; Carbon sequestration; Tree species; Soil protection; Greenhouse gases
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Table 1. Comparison of the mean (+ standard deviation) amount of soil carbon sequestration in afforestation and

rangeland
Treatment Bulk density (gr /cm3)-1 Carbon sequestration (ton ha-1yr-1)
Rangeland 1.0£23.040 a 48.5+£3.52 ¢
Mixed mass 1.0+17.01 a 79.50+10.65 b
C. sempervirens 1.0£18.03 a 157.17+8.89 a
F. rotundifolia 17.01+1.0a 76.27+5.73 b

Significant differences between means at 1% level are indicated by the different letters in each column

Table 2. Comparison of mean (+ standard deviation) of carbon sequestration in different ecosystem segments in
afforested and rangeland

Source of variation Rangeland Mixed mass C. sempervirens F. rotundifolia
Aboweground 0.35+0.05°¢ 1.70+0.0513° 4.66+0.45° 1.14+0.10°
Root 0.10£0.01° 0.15+0.02° 0.25+0.06° 0.10+0.01°
Litter 0.10+0.01° 0.26+0.06" 1.18+0.082 0.330.04°
Soil 48.50£3.52¢ 79.50+10.65° 89.17+8.15% 73.27+5.76°
Total 49.0545.11°¢ 81.61+8.32° 95.26+10.43? 74.84+7.73°

Significant differences between means at 1% level are indicated by the different letters in each column

Table 3. Comparison of the relative percentage of organic carbon sequestered in ecosystem components
compared to the total ecosystem in planted forest stands and rangelands

Source of variation Rangeland Mixed mass C. sempervirens F. rotundifolia
Aboweground 2.0 2.0 4.9 15
Root 0.2 0.2 0.26 0.13
Litter 0.2 0.3 1.2 0.45
Soil 98.9 97.4 93.6 97.9

Total 100 100 100 100
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Abstract

This study investigates the effectiveness of precipitation storage operations, specifically crescent
catchment systems, as an innovative and beneficial approach for rangeland restoration in arid and
semi-arid regions of the country. The Chadaroyeh basin was selected as the study area, where
four biological and biomechanical implementation programs were designed to manage and collect
existing runoff. A total area of 93.23% of the Chadaroyeh watershed was designated for crescent
catchment systems, incorporating seeding efforts. Additionally, three mortar rock weirs and five
dry weirs were strategically designed at the basin outlet, taking into account the annual inflow
and the morphology of the main waterway. Two mortar rock weirs were constructed to control
sedimentation and protect the soil upstream, while a sediment-retaining mortar rock weir was
built at the outlet of the CH1 and CH2 sub-basins. The remaining five dry weirs were positioned
around the aforementioned structures and in secondary and tertiary waterways. The SCS method
was employed to estimate flood volumes for various return periods. Results from estimating the
water intake capacity of the crescent catchments revealed that, by applying this method to 1796.76
ha of the Chadaroyeh watershed, a total of 2,454,515.79 m? of surface runoff would be stored
annually. When considering the flood volumes for different return periods, the total storage
capacity of the three mortar rock structures was estimated to be 88,000 m3 for a 25-year return
period, which accounts for only 11.9% of the total 25-year flood volume. However, these
structures manage and store 75.3% and 25.8% of the total flood volume in the Chadaroyeh
watershed for 2- and 5-year return periods, respectively.
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Extended Abstract

Introduction

Reduced rainfall and inappropriate temporal distribution are one of the problems and issues in the
natural resources of our country. The aforementioned factors limit the conditions for the
establishment and growth of various rangeland and forest species, especially in arid and semi-arid
regions. In order to deal with this problem, in addition to implementing improvement and restoration
operations in rangeland ecosystems in arid and semi-arid regions, along with cultivating plant species
compatible with the climatic conditions of the region, management and collection of runoff from
atmospheric precipitation is necessary (12). Management and collection of surface runoff is possible
through various biomechanical and structural methods. Crescent catchment, as one of the types of
biomechanical methods for managing and collecting atmospheric precipitation with the aim of
improving and restoring rangelands in arid and semi-arid regions, has become common in Iran in
recent years (3). Water catchment crescents are considered structural operations due to their
construction, but because they are usually accompanied by planting, they can be considered a
biomechanical method (15). Water catchment crescents are actually short horizontal banks that are
built in an arc or arc shape to create micro-watersheds (16). The most important and prominent goals
of constructing water catchment crescents include controlling and storing surface water runoff,
increasing water infiltration in the soil, controlling erosion and preventing soil loss, creating a suitable
microclimate for plant growth, and finally creating a suitable ground for implementing rangeland
improvement and restoration projects (15). The effective factors and appropriate levels for
constructing and implementing water catchment crescents include rainfall, slope, canopy cover, cover
condition, soil depth, soil texture, and the amount of rock and gravel (Table 1). Some of the research
conducted on the performance and effectiveness of crescent catchment systems are as follows. In the
Kumiran rangelands of Qain County, South Khorasan Province, the effect of holes and their location in
the rangelands, as well as the best place to plant shrubs inside the crescent-shaped hole, has been
investigated (10). A study in Sarbisheh County, South Khorasan Province, examined the impact of the
crescent-shaped water intake system on changes in rangeland plant production, soil moisture, and
texture in dry and steppe rangelands. Based on this study, it was determined that rangeland plant
production has more than doubled in the project implementation area (12). In a study conducted in the
rangelands of Narun region of Khash County, Sistan and Baluchestan province, a comparison of
diversity and species richness indices using parametric and nonparametric methods was conducted in
the improved area under the influence of crescentic water intake operations and the control area.
According to the results of this study, the implementation of crescentic water intake has resulted in a
uniform vegetation cover in the area, which has resulted in better plant diversity and greater ecosystem
stability (6). In the Zirkuh region of South Khorasan province, the effect of the crescent catchment
system on vegetation cover and soil moisture levels under wet and drought conditions has been
investigated and compared. The results showed that the implementation of the crescent catchment plan
in the region has increased vegetation cover compared to the control region (19). In addition, in some
studies, the effectiveness of crescent catchment systems on increasing agricultural production has been
reported (2, 7, and 11). According to previous studies, the role of crescent catchment systems in
managing and collecting runoff in the region and comparing the performance of these systems with
mortar rock dams has been less studied. The present study investigates the role of crescent catchment
systems in managing and collecting runoff in the region and comparing the performance of these
systems with mortar rock dams in the Chadaroyeh watershed of Jahrom County, Fars province. The
present study investigated the role of crescent catchment systems in managing and collecting runoff in
the region and compared the performance of these systems with mortar rock dams. The Chadaroyeh
watershed in Jahrom County, Fars Province is the study area of this study. With this study, the
performance of crescent catchment systems with mortar rock dams has been compared.

Material and Methods
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Accordingly, an area of 1796.76 hectares, equivalent to 23.93% of the total area of the Chadarviyeh watershed,
has been designated for the construction of crescent-shaped water intake systems with seeding (Table 2 and
Fig. 2, 3 and 4). In addition, three mortar rock weirs and five dry-fill weirs have been designed at the outlet of
the basin, considering the annual inflow and morphology of the main waterway, and two mortar rock weirs
have been designed at the outlet of sub-basins CH1 and CH2 to control sediment and protect soil in the
upstream of the basin. In addition, five dry-fill weirs were designed around the aforementioned structures and
in second- and third-grade waterways. The SCS method has been used to determine the flood volume in
different return periods (Tables 3 and 4).

Results

The results of estimating the water intake volume in the intake crescents showed that by implementing this
method on 1796.76 hectares of the Chedarviyeh watershed, 2454515.79 m3 of surface runoff will be stored
annually (Tables 5,6 and 7). Considering the flood volume in different return periods for the Chedarviyeh
watershed, the total storage volume of the three rock-mortar dam structures was estimated to be 88,000 m3
with a 25-year return period, which only extracts and manages 11.9% of the total 25-year flood volume (Table
8). In total, these structures manage and store 75.3% and 25.8% of the total flood volume generated in the
Chedarviyeh watershed for 2- and 5 year return periods, respectively (Table 8).

Conclusion and discussion

Considering the performance of crescent catchment systems in extracting and managing surface runoff up to
the level of extracting 100% of the runoff generated in the Chedarviyeh watershed
during different return periods, the high effectiveness of this method in extracting and managing runoff and
floods is determined (Table 9). This advantage, along with other advantages of this method, including low
implementation cost, maximum compatibility with natural resources and the environment, simplicity of
implementation, speed of implementation, the possibility of planting seedlings and seeds in the system
environment, moistening the topsoil in a wide area of the watershed, creating a place to provide water for
livestock and wildlife in the watershed, with the occurrence of strengthening and revitalizing pastures,
preventing soil erosion, transferring watershed management activities from the waterways to the slopes, and
the health and stability of the watershed and its relative superiority over mortar stone structures in extracting
a larger volume of surface runoff, the importance and efficiency of this method for extracting runoff and floods
are increasingly proven.

Keywords: Watershed management; Eco-builders; Rainfall storage; Drainage management; Rangelan

Table 1. Suitable parameters and conditions for the construction and implementation of crescent catchment

No. Factor Description Unit Range Sources

Average annual

rainfall mm 0 to 600 (4, 14,16, 17)

The slope between 4% and 20% is

2 Slope the most suitable for crescent %
water intake construction.
Areas with a canopy cover of more

3 Canopy cover than 30% are not suitable places to % Less than 30 (4,14,16,17)
build water catchment crescents
Poor to very poor vegetation cover

4 Vegetation is suitable for constructing water - Poor to very poor (4,14,16,17)
catchment crescents

410 20 (up to 60 under

certain conditions) (4,14,16,17)

Shallow to semi-deep (25 to

5 Soil depth - cm 80)

(4,14, 13)

6 Soil texture Semi-heavy soils include loam, - Semi-heavy (4,14, 13)
sandy loam, and clay loam

In areas with a risk of mass soil
movement and high salinity
7 Rocks and pebbles . . - Less than 30 (4,14,16,17)
surface soil, drainage -crescents
should not be recommended.
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Fig. 1. Location of the watershed under study

Table 2. List of biological and biomechanial operations

No. Type Percentage of total Area (ha) Considerations
1 Rangeland Audit Northern parts of the basin -
2 Rampage work with a shale pit 31.29 1432.75 -
Construction of a water intake
3 crescent with seeding 39.23 1796.76 .
In lands without the
4  Protected ~lands  (long-term 26.52 121435 ability to implement

protection)

biological projects
5 Protection and enclosure of 7052 322951 )
rangeland management projects

Table 3. Characteristics of the designed structures in the Chedarouyeh watershed

Structure Subbasin UTM Water intake Useful height of the
No Structure Type code code longitude latitude volume (m3) structure (m)
1 Stone-mortar barrier Chl CH-int 750100 3183895 42785 4
2 Stone-mortar barrier Ch2 CH-int 749520 3184030 34900 4
3 Stone-mortar barrier Ch3 CH-int 743485 3189960 10305 35
4 Dry dock Khi CH-int 749290 3184000 - -
5 Dry dock Kh2 CH-int 749090 3184100 - -
6 Dry dock Kh3 CH-int 748650 3184200 - -
7 Dry dock Kh4 CH-int 743600 3190370 - -
8 Dry dock Kh5 CH-int 743430 3190200 - -
| A 'l

Biology and biomechanics planning map

Legend J o VTS |
! ) !

Construction of a crescent shaped
Conservation lands l ‘ I
Water pool
Garden
Irrigation
Drainage l‘ r 'l
Mine

Bush work

Fig. 2. Location of biological, biomechanical, and structural projects in the Chadarviyeh watershed

Table 4. The results of flood volume for different return periods obtained using the SCS method
Flood volume with different return periods (m3)

Ubbasin code

2 5 10 25 50 100
Total basin 116845 340537 506524 748588 933535 1135360
CH1 49695 1222909 178671 255098 315408 377860

CH2 16486 41296 60298 86410 107052 128453
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5.60m 2.80m 5.60m

Fig. 3. Layout pattern of the of Crescent Catchment Systems

Table 5. Values of different crescent dimensions of the catchment in each of the slope categories

. . . Category Slope (%0)
No. Dimension Unit
5-0 8-5 12-8  25-12
1 Excavation volume for each crescent m3 14 3.8 4.46 10.32
2 Maximum excavation length behind the crescent m 5.8 85 5.8 5.8
3 Maximum excavation depth m 0.11 0.11 0.11 0.11
4 Length of crescent arc Crescent semicircle m 8.79 8.79 8.79 8.79
5 Average slope of the ground % 0.025 0.065 0.100 0.185
: Crescent Embankment
Crescent back water intake volume .
-_ -
_ Earth's surface
—_—— T ——
\/4 7 s
1 — —~—— F 4
Excavation volume vl
Fig. 4. Longitudinal cross-section of the catchment crescent and its catchment volumes
Table 6. Area and number of water catchment crescents in each slope class
Slope class  Area of catchment crescents per Number of catchment Number of catchment crescents
No.
(%) slope class (ha) crescents per hectare per slope class (Number)
1 0-5 1197.33 204 244255
2 5-8 265.75 204 54213
3 8-12 154.92 204 31604
4 12-25 178.76 204 36467

5 sum 1796.76 - 366539
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Table 7. Estimated volume of Crescent Catchment System in the Chedarouyeh watershed by slope class
The number of catchment  Watering capacity The amount of water The water intake
Slope Class - h
No. (%) crescents in each slope of a crescent unit taken from the crescents volume of the water
category (Number) (m3) in hectare (m®) intake crescents (m®)
1 0-5 244255 3.25 663 793829.8
2 5-8 54213 7.6 1550.4 412018.8
3 8-12 31604 11.86 32415.36 374187.57
4 12-25 36467 23.98 4891.92 874479.62
5 Sum 366539 - - 24545515.79

Table 8. Percentage of total water intake from rock mortar dams during different return periods in the

Chedorouyeh watershed.
No. Return period (Year) Flood volume (m?) Flood extraction (Percent)
1 2 116865 75.3
2 5 340537 25.8
3 10 506524 174
4 25 748588 11.9
5 50 933535 9.4
6 100 1135360 7.8

Table 9. The percentage of water taken by Crescent Catchment System during different return periods in the

Chedarouyeh watershed

No. Return period (Year) Flood volume (m?) Flood extraction (Percent)
1 2 116845 100
2 5 340537 100
3 10 506524 100
4 25 748588 100
5 50 933535 100
6 100 1135630 100
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Abstract

Desertification poses a significant threat to ecosystems worldwide, particularly in arid and semi-
arid regions. In recent decades, this issue has been exacerbated by intensified human activities,
including agricultural expansion. This study investigates whether agricultural development, while
contributing to food security, has simultaneously driven environmental degradation. To address
this question, agricultural development was evaluated using key indicators such as crop yield and
production, infrastructure investment, institutional development, employment, and mechanization.
Desertification intensity was then assessed using the IMDPA model based on climate, soil, land
use change, and groundwater indicators. The research was conducted in the Balajam Plain of
Torbat Jam County, one of the primary agricultural regions in Khorasan Razavi Province, over
the period from 2011 to 2021. Results indicate that the region experienced notable progress in
agricultural development, including increased employment and income generation. During this
period, investments in the agricultural sector rose from 1,560 million rials to 14,800 million rials,
and approximately 24. 95 km? of land was levelled and rehabilitated. These efforts led to enhanced
production and yield per hectare for key crops, including wheat, barley, sugar beet, and fodder
corn. However, findings on desertification revealed concerning trends: 37% of the region fell into
the severe desertification category, while 63% was classified as moderate. The primary drivers of
desertification were identified as climatic factors, groundwater depletion, land use changes, and
soil quality degradation. These processes have resulted in the degradation of fundamental
ecological resources and pose a significant threat to long-term food security in the region.
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Extended Abstract

Introduction

Desertification is a serious threat to both natural and human environments. UNCCD (1994) defines
desertification as land degradation in arid, semi-arid and dry sub-humid areas that is caused by various factors,
including climatic variations and human activities. Despite being an international definition, it does not address
the decrease in biological diversity. Additionally, this process cannot be reversed and has expanded to other
biological climates, including the European continent, resulting in deficiencies that require attention. The
world's environment has become one of the most important concerns due to the changing land use since the
last century (22, 29). The sustainability of the environment is threatened by many agricultural activities, even
though agriculture is a vital factor in sustainable development and poverty reduction (19). The relationship
between food security and basic resources such as water, soil, as well as natural resources and the environment
is of particular importance (3, 9, 31). The expansion of desertification will occur when the productive capacity
of land resources decreases. The objective of this research was to evaluate these two effects, namely Examining
some criteria for agricultural development, as well as the key criteria for land degradation and desertification,
and emphasizing the issue of food security in Balajam Plain, Torbat Jam County, in Khorasan Razavi province.

Material and Methods

This study evaluated and analyzed positive criteria for agricultural development, including performance,
production, employment, and investment. The Iranian Model of Desertification Potential Assessment
(IMDPA) was used to assess desertification intensity based on key indicators such as climate, underground
water, soil, agriculture and landuse changes criteria (2,
5, 33, 41). This research was carried out between 2011 and 2021. Finally, the outcomes obtained from the food
security indicators supplied by FAO were compared and evaluated (16, 37, 40). No research has been
conducted to assess the positive and negative aspects of agricultural development, with a focus on food
security. This research was conducted in Balajam Plain in Torbat Jam county of Khorasan Razavi province.

Results

The foundation of economic, social, cultural, and political security is food security. Food security is based on
ecological security, which is the security of fundamental natural resources and genetic diversity. The
agricultural development sector has seen an increase in investment in institutions and human resources from
2011 to 2021. Over the past 10 years, from 2011 to 2021, agriculture has developed in Balajam Plain of Torbat
Jam County, and the amount of investment in this sector has also increased (Tables 4-7). The results showed
that the area under cultivation of crops in the Balajam plain has increased from 2011 to 2021, reaching from
50.25km? in 2011 to 77.76km? in 2021 (Table 8). The statistics on agricultural and horticultural crops indicate
that some crops have seen a decrease in production and yield, while others have seen an increase. The increase
in saffron cultivation has resulted in an upward trend in the added value of the products, which indicates
increased income and increased food security. The results showed that land use change, a decrease in soil
guality indicators and an increase in drought have reduced groundwater in terms of has reduced qualitatively
and quantitatively (Figures 2 and 5). According to the IMDPA model's findings, desertification intensity in the
study area has increased from moderate to moderate and severe in 2016 and 2021 (Figure 6). The desertification
in Balajam Plain increased in 2016 and 2021, and many areas of the study areas are now dealing with an
increased desertification phenomenon. The intensity of desertification in the Balajam Plain has increased
despite the development of the agricultural sector in the past 10 years.

Discussion and Conclusion

FAO has emphasized the need to implement sustainable land management practices, food production, and
prevent the expansion of desertification in order to achieve food security and agricultural development (12).
Unsustainable agricultural development, climate change, soil degradation, and the reduction in the quantity
and quality of groundwater resources are among the human factors affecting desertification (24). The results
of some studies showed that agricultural development has improved food access and promoted food security
(28), but the results of this study showed that despite agricultural development and increased investment in the
Balajam Plain, desertification occurred between 2011 and 2021. The results of this study showed that land use
changes to agricultural lands, soil degradation, quantitative and qualitative decline in groundwater, and climate
change in the study area have caused desertification, and if current conditions continue, desertification will
intensify. Although agricultural development has expanded between 2011 and 2021, the adverse consequences
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of desertification, land degradation, and the reduction of the ecological capacity of water and soil resources
have not been addressed. Therefore, implementing sustainable agricultural development is one of the important
strategies for sustainable land management according to FAO (12). In the years 2011 to 2021, investment in
agriculture and mechanization has increased and the cultivation pattern has changed. Currently, instead of
plants with high water requirements, plants with low water requirements but high economic potential are used.
Therefore, it is expected that by changing the cultivation pattern and achieving sustainable development in the
future, the expansion of desertification will be reduced in the study area. Investment in institutional
infrastructure, employment, and agricultural product yield all benefit from development in Balajam Plain, and
is a key example of creating food security in society. The negative impacts of agricultural development, such
as the quantitative and qualitative degradation of underground water, soil degradation, and the switch to
agricultural land use, as well as the climatic expansion of desertification, are visible. Agriculture and food
security are particularly important in the 7th five-year development plan of the country politicians, decision-
makers should also consider knowledge-based agricultural development management plans and methods
instead of source-oriented. According to these results, it can be seen that the Balajam Plain has been
experiencing an increase in desertification between 2011 and 2021. Therefore, agricultural development is
very effective in enhancing food security, and with development in this sector, food security will increase. But
the region's production of agricultural products has decreased due to the intensity of desertification. The
authors of this study suggest solutions such as - cultivating crops with low water requirements and modifying
planting patterns, - investing in implementing projects to combat desertification and developing knowledge-
based rather than resource-based agriculture.

Keywords: Ecological security; Land degradation; Land use changes; Human activities
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Fig 1. Geographical location of Balajam Plain in northeast Iran

Table 1. The evaluated criteria for agricultural development of the Balajam Plain from 2011 to 2021

Effect Criteria Index Reference FAO Indicators

Infrastructure development

Institutional development Access to improved water

Investment _— (37,16)  resources, the percentage of
Development of mechanization . .
arable land equipped with

Positive Human resource development irrigation

effects
Employment Employment
Pfrfqd_uction ad . itivated area Average value of food
erriciency (40, 22) production, diversity of food

Increase efficiency production per capita
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Table 2. Important criteria for evaluating the intensity of desertification in the Balajam Plain between 2011 and
2021 (2,5, 41)

Indice Sub Criteria Criteria
Annual rainfall Climate
Avridity Index
Drought
Groundwater level Quantity Groundwater
EC (umohs/cm) Quality
SAR
CL (mg/lit)
Soil texture Soil
EC (ds/m)
SAR
NDVI* Land use change

Table 3. Desertification intensity classes based on IMDPA model (2, 5, 33, 41)

Class Range Desertification intensity class
| 0-1.5 Low
I 1.6-2.5 Moderate
1l 2.6-3.5 High
v 3.6-4 Very High

Table 4. Infrastructural development in the agricultural sector of Balajam Plain from 2011 to 2021

Year New irrigation Water_transfer by Land leveling Advanced channel Investme_nt (million
network (km?) pipe (m) (km?) development (m) Rials)
2011 0.6 4000 0.45 700 -
2012 0.7 6000 0.65 800 1560
2013 1.05 9000 0.9 1000 2610
2014 2 14000 1.2 1200 3320
2015 29 20000 1.6 1600 5100
2016 3.6 27000 2 2050 6250
2017 7.4 3500 25 2550 7300
2018 9.15 27500 3 3050 9700
2019 10.8 50500 3.6 3600 11300
2020 12.1 63500 4.2 4200 13400
2021 134 77000 4.85 4800 14800
Table 5. Institutional development of the agricultural sector in the Balajam Plain of Nasrabad District from 2011
to 2021.
y Vegetable Rural Seed gov’:r%nn_wen ; Plant i%ﬂf;;:g;?l Investment
ear greenhouse cooperative processing - protection : (million
(m?) company workshop al service clinic production Rials)
center workshop
2011 3000 1 0 0 1 1 2350
2012 4000 1 0 1 2 1 3400
2013 5000 2 1 1 2 1 2050
2014 6500 2 1 2 2 1 2000
2015 7500 3 1 2 2 2 3300
2016 9000 3 1 2 3 2 2800
2017 11000 3 1 2 4 2 3400
2018 13000 3 1 2 5 2 3650
2019 15500 3 1 3 6 2 5400
2020 18000 3 1 3 6 2 5000
2021 21000 3 1 3 7 2 7700

! Normalized Difference Vegetation Index (NDVI)
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Table 6. The state of mechanization in the agricultural sector of Balajam Plain in Nasrabad District

Year The variety of _Number of Number of grain Mechanization Inv_estmqnt
tractors implements harvesters level* (million Rials)
2011 215 340 0 1.2 1850
2012 220 346 0 1.27 2720
2013 236 366 0 1.35 13430
2014 242 371 0 1.41 3340
2015 252 377 0 1.47 5427
2016 287 390 0 1.53 18103
2017 306 408 0 1.6 19200
2018 339 416 0 171 24154
2019 349 437 1 1.89 28120
2020 370 464 2 2.1 47110
2021 396 488 2 2.13 53657

% The level of mechanization is Total power/Cultivated area

Table 7. Development of employment and active human in the agricultural sector of Balajam Plain, Nasrabad District

Agricultural expert Plant Professional driver of Permanent  Seasonal
Year Farmer L . : -
and technician pathologists  agricultural machinery labor labor
2011 1305 3 1 5 264 950
2012 1329 3 2 7 271 978
2013 1379 13 4 7 278 1046
2014 1415 13 4 8 291 1087
2015 1467 14 4 9 293 1135
2016 1519 14 5 13 298 1212
2017 1569 14 5 13 303 1231
2018 1608 16 6 16 321 1257
2019 1644 17 6 19 337 1301
2020 1683 18 7 21 341 1319
Table 8. Cultivated area, production and yield of agricultural products in the Balajam Plain
2011 2016 2021
Cultivated Production Yield  Cultivated Production Yield Cultivated Production  Yield
area (km?®  (ton)  (ton/km?) area (km?) (ton)  (ton/km?) area (km?) (ton) (ton/km?)
Wheat 3155 11044 350 18.90 7938 420 16.50 6600 400
Barley 13.20 4224 320 9.50 3325 350 9.40 2820 300
Sugar beet 4.35 18270 4200 3.50 21700 6200 3.10 16120 5200
Forage corn 3.15 16380 5200 2.20 11000 5000 1.20 7200 6000
Tomato 3.96 15048 3800 4.62 15708 3400 1.10 4950 4500
Potato 1.98 7326 3700 0.88 2904 3300 0.80 2800 3500
Saffron 5.10 1.02 0.2 8.65 2.42 0.28 12.80 5.38 0.42
Table 9. Climate indicators in the study area
Year Annual rainfall (mm) Average annual temperature (C) Avridity index
2011 168 16.38 10.25
2012 108.5 15.87 6.83
2013 915 16.38 5.58
2014 121.9 17.23 7.07
2015 117.3 16.3 7.19
2016 101.6 17.12 5.93
2017 178.1 16.54 10.76
2018 246 16.24 15.14
2019 203.5 15.52 13.11
2020 1115 17.22 6.47
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Fig 2. Desertification intensity map, based on the climate criteria with three indicators; annual precipitation,

aridity and drought in the study area (2011-A, 2016-B and 2021-C)

Table 10. Changes in the cultivated area of agricultural products in the Balajam Plain

Year Cultivated area (km?) Percent (%)
2011 50.26 28.36
2016 76.42 43.12
2021 77.67 43.83
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Fig 3. Map of changes in land use in Balajam Plain's agricultural lands during 2011(A), 2016(B), and 2021(C)

Table 11. Area and percent of desertification intensity classes based on the groundwater criteria

Year Desertification Intensity Class Area (km?) Percent (%)
Moderate 14.73 8.31
2011 _
High 161.80 91.31
2016 High 177.20 100
2021 High 177.20 100
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Fig 4. Desertification intensity map based on the underground water criteria for 2011(A), 2016(B), and 2021(C)

Table 12. The area and percent of desertification intensity classes determined by soil criteria.

Year Desertification intensity class Area (km?) Percent (%)
2011 Moderate 177.20 100
2016 Moderate 177.20 100
2021 Moderate 177.20 100
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Table 13. The area and percent of desertification intensity class of Balajam Plain based on IMDPA model
Year Desertification Intensity class Area (km?) Percent (%)
2011 Moderate 177.20 100
Moderate 133.25 75.20
2016 )
High 43.29 24.43
Moderate 111.96 63.18
2021 )
High 64.57 36.43
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Abstract

This study employed the Maximum Entropy (MaxEnt) model to assess the habitat suitability of
the Persian gazelle (Gazella bennettii) within the Hormood Protected Area. Habitat modeling was
conducted using 45 occurrence points of the species and a range of environmental variables,
including topographic, climatic, vegetation cover, and anthropogenic factors. All environmental
datasets and species occurrence points were prepared in a standardized ASCII format and input
into the MaxEnt software. The model was executed with 10,000 background points and a
maximum of 15 iterations. Model performance was evaluated using the Area Under the Curve
(AUC) of the Receiver Operating Characteristic (ROC), while the Jackknife test was applied to
identify the relative importance of environmental variables in predicting habitat suitability.
Results from the Jackknife test highlighted that the most influential variables were distance from
villages (41.1%), vegetation cover (16.6%), slope (13.7%), and mean daily temperature (10.3%).
The study estimated that 17.6% of the total area constitutes suitable habitat for the Persian gazelle,
while 82.4% was categorized as unsuitable. The model's accuracy, reflected by an AUC value of
0.87, indicates its robust ability to differentiate between suitable and unsuitable habitats. Given
the significant role of anthropogenic factors, particularly proximity to villages, in influencing
habitat suitability, the study recommends implementing targeted management strategies. These
should prioritize environmental education and raising conservation awareness among local
communities residing within and around the study area to mitigate human-induced pressures on
gazelle habitats.

Keywords: Species distribution modeling; environmental variables; anthropogenic; species
response curves
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Extended Abstract

Introduction

The conservation of species depends on the protection of their natural habitats, and this is possible with a more
detailed analysis of habitats (15, 31). In this regard, habitat suitability modeling is a scientific and practical
solution to estimate the distribution range of species (12). Modeling allows ecologists and wildlife experts to
gain knowledge about the ecological needs of species, barriers and factors limiting their distribution, predicting
the effects of climate change, habitat destruction, and species invasion. One of the most widely used and best
methods for modeling the habitat suitability of species that only uses presence data is the maximum entropy
(MaxEnt) method (24). Studying the habitats of all species on a large scale is challenging due to budget and
time limitations. It is imperative to direct the limited budgets and efforts towards conservation of greater
ecological significance or at greater risk. The Persian Gazelle, Gazella bennettii shikarii, is an important
hereditary mammal species that is part of the Bovidae family and the antlope subfamily. It can be found in
India, Pakistan, southern Afghanistan, and Iran. In Iran, Persian gazelle prefers dry and very dry plains with
an average annual rainfall of 50-250 mm and usually hills (2). Several studies conducted on the habitat
suitability of this species in Iran protected areas including Kavir national park (18), Naybandan wildlife refuge
(3) and Copper Ore Protected Area (22). To conduct a more comprehensive analysis of meta populations, we
need to address the gaps in the distribution and habitat requirements of this species in peripheral areas,
including the study area. The present study aims to evaluate the suitability of existing habitats and to identify
the potential habitats of Persian gazelle (Gazella bennettii) in Hormod protected area using the MaxEnt
method, so that its results can be used for better conservation and management of this species meta populations.

Material and Methods

Study area: Hormod protected area with an area of 208,731 hectares located in southeast of Fars province,
Iran (Fig.1). Most important threat factors of this area, are the droughts, illegal hunting, illegal grazing,
crossing the area by Shiraz-Bandar Abbas Road, agriculture and harvesting edible mushrooms by local
peoples.

Recording species presence points: during the extensive field visits in different seasons of 2022-23, along
the specific routes of the plain and hilly areas as the actual habitats of the species, using a Global Positioning
System (GPS) 45 presence points was recorded (Fig. 1).

Environmental data: based on the literature review, four groups of environmental variables including climatic
factors (Tables 1 and 2), vegetation cover, topographical factors (slope, aspect and elevation) and human
factors (distance from the village, water sources, road, agricultural lands and environmental checkpoints)
which are effective in determining the habitat suitability of this species were used in the modeling.
Modeling: Species presence points were converted into digital layers in ArcGIS 10.3 software, then these
presence points were considered as dependent variables and selected environmental data (layers) as
independent variables. To run the model, 10,000 background points and a maximum of 15 repetitions were
considered. Also, 70% of presence points were used to build the model and the remaining 30% were used to
evaluate the modeling results.

Model evaluation: In this study, the area under the curve (AUC) of the receiver operating characteristic (ROC)
was used to check the validity of the results obtained from the model, which is one of the most common
methods for evaluating predictive models (8). Jackknife test was also used to determine the importance of each
environmental variable in predicting the suitability of the habitat of the species.

Results

Habitat desirability: According to the results, about 36746 hectares equivalent to 17.6% of Hormod protected
area is considered as a suitable habitat and about 171985 hectares equivalent to 82.4% is an unsuitable habitat
for the Persian gazelle (Fig. 2).

Model evaluation: In this study, the value of the area under the curve (AUC) calculated equal to 0.87, that
indicates the “very good” predictive performance of the model (20) (Fig. 3).

The participation of variables in model: in Hormod protected area, the variables of distance from the
villages, vegetation cover, slope and average daily temperature with 41.1, 16.6, 13.7 and 10.3 percent of
influence are the most important variables affecting the suitability of Persian gazelle habitat, respectively (Fig.
4). However, according to the jackknife test, the average daily temperature variable has the highest power to
predict the suitability of the Persian gazelle habitat in the Hormod protected areas (Fig. 5), in the other words
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by removing this variable, the predictive power of the model decreases more than removing any other
variables.

Species response curves: Finally, the response curves of the species to the four main environmental variables
that affect its habitat suitability were examined (Fig. 6).

Discussion and Conclusion

In this study, the habitat suitability of Persian gazelle was mapped within the protected area of Hormod using
MaxEnt software. The suitable habitats of species are located in the northern and northeastern parts of the
study area, which have the greatest distance from human factors, especially villages. The distance from the
village has the most importance on the desirability of Persian gazelle habitat in the study area. Based on the
results, with increasing the distance from the village, the habitat desirability for Persian gazelle increases.
According to the response curves, with an increase in the distance of 10 km from the village, the habitat
suitability for the species increases. It seems that moving away from the village in order to find a shelter to
prevent hunting is very important as one of the parameters of habitat selection in terms of the species of Persian
gazelle in the study area. In a study conducted in the southern regions of Tunisia on Gazella dorcas (5), it was
found that human variables and especially the distance from agricultural lands were the most important factors
shaping the distribution pattern of this species. Also, the study conducted on the condition of the gazelle
(Gazella cuvieri) habitat in North Africa (14) also showed that the presence and distribution of this species is
affected by the increasing distance from human settlements and areas with low human population density. The
results of the present study showed that vegetation plays a role as the second most important factor in the
desirability of the habitat of this species, and the highest presence of the species is in the type of salt desert
rangeland (Salsola tomentosa). In similar studies, the importance of vegetation in the desirability of the habitats
of Persian Gazelle and other wildlife species has also been confirmed (13, 18, 19, 29). Considering the drastic
decrease in the population size and the range of distribution of the Persian gazelle in Iran (3) and that this type
of prey is used by important carnivores such as leopards and cheetahs, we suggest to preventing the habitat
destruction and proper protection of the suitable habitat of this species in the study area.

Keywords: Species distribution modeling; Environmental variables; Human variables; Species response curves
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Table 1. Meteorological stations used in the research

Row Stations name Station type uT™m
1 Haji-Abad synoptic 393133.15-3132025.55
2 Bastak synoptic 238505.99-3012450.97
3 Bandar-Lenge (coastal) synoptic 290833.19-2940525.29
4 Bandar-Khamir synoptic 358050.84-2981700.00
5 Bandar-Khamir synoptic 283783.92-2936209.58
6 Tange zagh climatology 394762.33-3094340.03
7 Genou climatology 417943.10-3031013.72
8 Tashkuye (Kalegah) climatology 347758.86-3111466.22
9 Zarrin Dasht synoptic 247913.09-3139771.27
10 Lar synoptic 231751.87-3061719.87
11 Darz & Sayban climatology 344438.91-3082696.51
12 Garash climatology 288657.76-3063457.34

Table 2. Description of the environmental variable

Abbreviation Climatic description Dimention Abbreviations Climatic description Dimention
Biol Annual Mean Temperature °C Bioll Mean Temp. of Coldest Season °C
Bio2 Mean Diurnal Range °C Biol2 Annual Precipitation mm
Bio3 Isothermality °C Biol3 Precipitation of Wettest Month mm
Bio4 Temp. Seasonality °C Biol4 Precipitation of Driest Month mm
Bio5 Max Temp. of Warmest Month °C Biol5 Precipitation Seasonality %
Bio6 Min Temp. of Coldest Month °C Biol6 Precipitation of Wettest Season mm
Bio7 Annual Temp. Range (BIOs-B10g) °C Biol7 Precipitation of Driest Season mm
Bio8 Mean Temp. of Wettest Season °C Biol8 Precipitation of Warmest Season mm
Bio9 Mean Temp. of driest Season °C Biol9 Precipitation of Coldest Season mm
Biol0 Mean Temp. of Warmest Season °C
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Abstract

One of the significant consequences of reduced resilience in human settlements, driven by climate
change and drought, is the rise in food insecurity. The counties within Zanjan Province face varying
degrees of drought severity. This study aims to evaluate the resilience of rural settlements to food
insecurity under drought conditions. The research is applied in nature and adopts a descriptive-
analytical approach. The statistical population comprises 122 inhabited villages, with a sample size of
30 villages from Mahneshan County. Data collection was carried out through library research and field
observations, while data analysis was performed using spatial analysis tools within the GeoDa
software. An assessment of the Standardized Precipitation Index (SPI) revealed that the study area
experienced seven mild wet years, seven mild droughts, and three moderate droughts. To investigate
and measure food insecurity levels, raw data from the Household Income and Expenditure Survey of
rural households, conducted by the Statistical Center of Iran from 2006 to 2022, were used to calculate
the food insecurity index. The findings indicated that the average food insecurity index was 44.7%.
The lowest and highest levels were observed in the villages of Yousefabad (23.4%) and Ebrahimabad
(79.3%), respectively. Furthermore, the results showed that, among economic resilience indicators,
dependency ratio, employment rate, and economic participation had the most significant influence on
resilience. Among social resilience indicators, gender ratio, population growth (1995-2045), and male
literacy rate were key factors. In terms of environmental-physical indicators, the percentage of
retrofitted housing, the proportion of unauthorized wells, and the percentage of authorized agricultural
wells had the greatest impact on enhancing village resilience to drought and reducing vulnerability to
food insecurity. Itis crucial for planners to prioritize these indicators to enhance resilience and mitigate
food insecurity in rural areas. These regions, due to their heavy reliance on natural resources and
agriculture, are particularly vulnerable to the adverse effects of climate change and drought. Increased
food insecurity can lead to migration, diminished economic and social welfare, greater pressure on
limited resources, and, ultimately, a threat to the sustainability of rural settlements.
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Extended Abstract

Introduction

Hunger is defined as a feeling of discomfort or physical pain resulting from inadequate dietary energy intake
and becomes chronic when a person does not regularly consume enough calories for a healthy and active life.
FAOQ defines food insecurity as the lack of access to sufficient safe and nutritious food for an active and healthy
life, due to lack of resources or food availability (8). Quantitatively, food insecurity is defined as consuming
less than 80% of the average calorie requirement recommended by the World Health Organization (25).
Resilience has been described as the process of effective adaptation to adversity and threats (16). This concept
helps to understand society as a changing system with an unpredictable environment and provides responses
to anticipate, identify and cope with threats (5). Several studies have examined the impact of drought and
climate change on food security. Drought reduces food security by reducing agricultural production and
increases food imports (20). Climate change has had a significant negative impact on food security (21).
Several factors, such as family size, income diversification, livestock ownership, use of improved seeds, and
access to credit and assistance, affect the resilience of rural households (4). Due to its location in the arid
climate belt, Iran faces a lack of rainfall, limited water resources, and frequent droughts (23). Agricultural
activities in the country are highly dependent on weather conditions, and climate change is reducing the yield
of rainfed crops, rangeland capacity, and livestock production (24). This situation, along with the consequences
of past droughts, indicates a lack of adequate preparedness to deal with this natural hazard (26). In Zanjan
province, drought is a gradual threat, the impact of which has become more noticeable, especially in
agriculture, and has even caused the evacuation of some rural settlements (13, 22). Given the dependence of
rural livelihoods on agriculture, the occurrence of drought is likely to reduce household resilience to food
insecurity. The aim of this study is to assess the level of resilience and identify key indicators affecting the
resilience of rural settlements in Mahneshan township to food insecurity under drought conditions.

Material and Methods

After introducing the study area, considering the size of the area and the diversity of natural conditions, 30
villages were selected as a random sample (Table 1). The present study is applied in terms of its descriptive-
analytical nature and the statistical population of the study is 30 villages in Mahneshan township, Zanjan
Province (Fig 1). The data collection method was library-based and the spatial analysis tools of GeoDa
software were used to analyze the data. The measured variables include food insecurity (FGT Index), resilience
indices (Table 2) and drought status (Table 3). In this study, raw data from the Rural Household Expenditure
and Income Survey of the Statistical Center of Iran from 2006 to 2022 were used to investigate and measure
the amount of food insecurity. In the continuation of the current research and in order to investigate the
correlation between drought and food insecurity, after interpolation of the SPI index, the numerical point values
of each village were extracted using Arc GIS software and their correlation with the food insecurity index was
calculated in Excel software.

Results

The drought situation was examined from 2006 to 2022, and during this period, 7 mild wet, 7 mild droughts
and 3 moderate droughts occurred (Fig 2). The average food insecurity index was 44.7%, the lowest was in
Yousefabad village with 23.4%, and the highest was in Ebrahimabad village with 79.3% (Table 4). The
correlation between drought and food insecurity showed that in some years the correlation was direct and weak
and in some years it was negative and weak (Table 5). The economic dimension indices showed that the
relationship between all indices except for the dependency ratio (P-value=0.735) was positive and significant.
The highest effect is in the indicators of dependency ratio (R?=0.314), employment rate (R?=0.288) and the
lowest effect is in the indicators of per capita large livestock and production coefficient (R?=0.001), Gibbs-
Martin and Location Quotient (R?>=0.003) (Table 6). Examination of the indicators of the social dimension
showed that the relationship of all indicators except the female literacy rate (P-value=-0.082) is positive and
significant. The highest effect is in the indicators of sex ratio (R?=0.208) and population growth 1966-2016
(R?=0.065) and the lowest effect is in the indicators of natural population growth rate (R?=0.001) and
household size (R?=0.002) (Table 7). Examination of the indicators of the environmental-physical dimension
showed that the relationship of all indicators is positive and significant. The highest effect is in the indicators
of percentage of reinforced housing (R?=0.063) and percentage of unauthorized wells (R?=0.057), and the
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lowest effect is in the indicators of faults and earthquakes, housing with structural framework (R?=0.000),
households per housing unit density and percentage of newly built housing (R?=0.001) (Table 8).

Conclusion and discussion

Food insecurity has increased with the increase in dependency ratio, unemployment percentage, average
orchards, and structural change and has decreased with the increase in economic participation, employment rate
and average rainfed land (Fig 3). Changes in land use in favor of industrial development have reduced agricultural
land, reduced food production, and increased food insecurity. Although structural change is usually associated
with economic growth, its uneven management can increase food insecurity. More employment brings financial
security, better access to food, and reduced food insecurity, while increased dryland area increases production
and crop diversity, helping to reduce food insecurity. Food insecurity has decreased with the increase in the youth
population percentage, sex ratio, and overall literacy rate and with the increase in the sub-indices of population
growth, the food insecurity index has increased (Fig 4). An increase in the youth population can help reduce food
insecurity by boosting production, improving productivity, adopting new technologies, and increasing awareness.
The impact of the sex ratio index on food insecurity depends on economic, social, and cultural conditions. Also,
increasing the literacy of the community helps reduce food insecurity by empowering individuals in various
fields. However, increasing population growth may lead to increased food insecurity by increasing demand for
food, pressure on natural resources, and competition for resources. With an increase in the percentage of
percentage of reinforced housing, food insecurity decreases and with an increase in the percentage of
unauthorized wells and the persons per room density, the food insecurity index increases (Fig 5). Increasing the
number of reinforced housing and improving the economic conditions of households can help reduce food
insecurity. On the other hand, an increase in unauthorized wells has negative effects on water resources,
agriculture, the environment, and food insecurity. Proper management of groundwater resources and prevention
of unauthorized well drilling helps reduce food insecurity. The difference between the current study and previous
studies is that many of the indicators evaluated in the current study, such as agricultural commercialization,
Gibbs-Martin, location quotient, spatial continuity, mechanization coefficient, production coefficient, population
aging, slope, persons per room density, faults and earthquakes and development, have not been considered.

Keywords: Climate changes; Environmental hazards; Rural development; Zanjan Province

Table 1. The number of villages that were taken as samples

Rural District Number of villages Number of samples
Anguran 45 11
Qaleh Juq 21 5
Uryad 24 6
Qezel Gachiloo 8 2
Mahneshan 24 6
sum 122 30
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Table 2. The indicators currently being studied (17, 29, 30)

Dimension Index

Dependency Ratio, Economic Participation, Employment Rate, Unemployment Percentage, Diversity of
Economic Activities, Per Capita Small Livestock, Per Capita Large Livestock, Average Irrigated Land,

Economic Average Rainfed Land, Average Orchards, Production Coefficient, Agricultural Commercialization,
Gibbs-Martin, Location Quotient, Spatial Continuity, Structural Change, Mechanization Coefficient.
Natural Population Growth Rate, Population growth 1966-2016, Population growth 1986-2016, Annual
Social Population Growth Rate, Household Size, Youth Population Percentage, Gross Enrollment Ratio for
Primary Education, Gross Enrollment Ratio for Secondary Education, Net Migration Rate, Population
Aging, Sex Ratio, Male Literacy Rate, Female Literacy Rate, Overall Literacy Rate.
) Slope, Percentage of Authorized Agricultural Wells, Percentage of Unauthorized Wells, Percentage of
Environmental- Reinforced Housing, Housing with Structural Framework, Percentage of Authorized Wells, Percentage of
physical Newly Built Housing, Title Deed, Persons per Room Density, Households per Housing Unit Density,
Faults and Earthquakes, Development.
Table 3. SPI classification and their corresponding values (28)
Class No Drought Class SPI Value Range
1 Extreme Wet >2
2 Severe Wet 1.5t01.99
3 Moderate Wet 149101
4 Mild Wet 0.99t0 0
5 Mild Drought -099t00
6 Moderate Drought -149t0-1
7 Severe Drought -15t0-1.99
8 Extreme Drought <-2
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Fig 2. The SPI index for Mahneshan township for the 12-month period between 2006 and 2022

Table 4. The Food Insecurity Index's status

Pari

Qavaq Sofla
Qozijaq Olya
Eydalu
Yousefabad
Eyalu
Ebrahimabad
Miyanj
Kahriz Beyk
Yengijeh
Khainak
Anguran
Emam Kandi
Sheykhlar
Moghanlu
Borun Qeshlaq
Behestan
Qareh Nas

Aq Kand
Almalu
Sahand Sofla
Alam Kandi
Sahand Olya
Takhteh Yurd
Qazi Kandi
Khezr Chopan
Yengijeh Sinar
Kheyrabad

Village
Hassanabad Chaykand

Qaleh Jug Siyah Mansour

Food Insecurity
77.2
43.2
46.6
371
234
241
79.3
51.2
56.1
51.1
241
48.3
41.6
61.2
35.9
411
33.2

41
37
41.2
40.9
61
40.2
37.2
45.6
46.3
47.2
42.2
48.5
375
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Table 5. The correlation coefficient between drought and food insecurity
Year Correlation Year Correlation Year Correlation
2006 -0.32 2012 0.16 2018 -0.26
2007 -0.17 2013 -0.35 2019 0.25
2008 -0.22 2014 -0.29 2020 0.12
2009 -0.13 2015 -0.14 2021 -0.29
2010 0.04 2016 -0.20 2022 -0.03
2011 -0.14 2017 -0.07
Table 6. The relationship between food insecurity and the economic dimension
Index R? T-stat P-value
Dependency Ratio 0.314 0.342 -0.735
Economic Participation 0.268 7.371 0.000
Employment Rate 0.288 7.987 0.000
Unemployment Percentage 0.025 11.343 0.000
Diversity of Economic Activities 0.010 2.650 0.013
Per Capita Small Livestock 0.057 9.806 0.000
Per Capita Large Livestock 0.001 10.223 0.000
Average Irrigated Land 0.008 12.001 0.000
Average Rainfed Land 0.121 17.263 0.000
Average Orchards 0.115 12.845 0.000
Production Coefficient 0.001 2.859 0.008
Agricultural Commercialization 0.004 3.751 0.001
Gibbs-Martin 0.003 2.547 0.017
Location Quotient 0.003 2.558 0.016
Spatial Continuity 0.005 2.609 0.014
Structural Change 0.021 2.242 0.033
Mechanization Coefficient 0.005 2.531 0.017
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Fig 3. Spatial autocorrelation between food insecurity and economic resilience variables.
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Table 7. The relationship between food insecurity and the social dimension

Index R? T-stat P-value
Natural Population Growth Rate 0.001 18.123 0.000
Population growth 1966-2016 0.065 19.184 0.000
Population growth 1986-2016 0.037 14.606 0.000
Annual Population Growth Rate 0.017 17.252 0.000
Household Size 0.002 2.631 0.014
Youth Population Percentage 0.041 0.546 0.001
Gross Enrollment Ratio for Primary Education 0.025 5.525 0.000
Gross Enrollment Ratio for Secondary Education 0.031 5.540 0.000
Net Migration Rate 0.004 17.592 0.000
Population Aging 0.008 6.072 0.000
Sex Ratio 0.208 5.276 0.000
Male Literacy Rate 0.060 4521 0.000
Female Literacy Rate 0.024 1.802 -0.082
Overall Literacy Rate 0.017 3.272 0.003
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Fig 4. Spatial autocorrelation between food insecurity and social resilience variables

Table 8. The relationship between food insecurity and the environmental-physical dimension

Index R? T-stat P-value
Slope 0.019 4512 0.000
Percentage of Authorized Agricultural Wells 0.037 11.335 0.000
Percentage of Unauthorized Wells 0.057 15.314 0.000
Percentage of Reinforced Housing 0.063 4.932 0.000
Housing with Structural Framework 0.000 3.604 0.001
Percentage of Authorized Wells 0.026 7.765 0.000
Percentage of Newly Built Housing 0.001 3.394 0.002
Title Deed 0.004 4.954 0.000
Persons per Room Density 0.026 4.997 0.000
Households per Housing Unit Density 0.001 5.160 0.000
Faults and Earthquakes 0.000 10.310 0.000
Development 0.002 3.244 0.003
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Abstract

Drought is one of the major climate hazards that has significantly impacted the environmental and
socio-economic conditions of Iran in recent years. As such, investigating and monitoring drought is
essential for understanding its occurrence and reducing vulnerability. This study evaluates the
efficiency of integrated multivariate indices compared to univariate indices for monitoring
agricultural drought based on satellite imagery in the Karkheh basin. Multivariate remote sensing
indices, including the Vegetation Health Index (VHI) and the Normalized Vegetation Soil Water
Index (NVSWI), alongside the univariate Normalized Land Surface Water Index (NLSWI), were
calculated to monitor drought conditions across the entire Karkheh watershed during May from
2001 to 2022. The results revealed frequent drought occurrences with varying intensities (low to
severe) during the statistical periods of 2001-2004, 2006-2010, 2012, and 2013-2015. The
performance of multivariate and univariate indices was validated against the Standardized
Precipitation Index (SPI) at one-, three-, and six-month scales, as well as the Streamflow Drought
Index (SDI). The highest correlation was observed between the NVSWI and SPI-1 (r = 0.71) and
SDI (r =0.64). Similarly, the VHI demonstrated a relatively strong correlation with SP1-1 (r = 0.66)
and SDI (r = 0.56). In contrast, the univariate NLSWI showed the weakest correlations with SPI-1
(r =0.42), SP1-3 (r = 0.21), and SDI (r = 0.40). The findings indicate that integrated multivariate
indices, such as NVSWI and VHI, outperform the univariate NLSWI index in agricultural drought
monitoring. This superiority is attributed to the inclusion of multiple factors, such as vegetation
health and land surface temperature, in multivariate indices. As a result, NVSWI and VHI provide
more comprehensive and accurate monitoring of drought conditions compared to univariate indices.
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Extended Abstract

Introduction

Drought is an environmental hazard that occurs in nearly all regions, particularly in arid and semi-arid climates,
and it can be effective at both regional and global levels (15). Given the negative and catastrophic effects of
this phenomenon on human life and all living beings, it is crucial to offer constructive solutions to handle,
control, and manage the drought crisis (39,36, 46). Various multi-spectral indices based on satellite images
have been created by many researchers for drought monitoring purposes due to this reason (31, 32, 51). The
results of past research showed that univariate indices are highly useful for specific locations and purposes.
However, they are incapable of providing a comprehensive evaluation of drought characteristics as a climate
phenomenon that is multivariable. Therefore, combining these indices can provide a superior outcome and
cover all aspects of drought (4) Hence Multivariable integrated indices like the Vegetation Health Index (VHI)
(27), Vegetation Supply Water Index (VSWI) (5), Temperature Vegetation Dryness Index (TVDI) (44),

Aggregate Drought Index (ADI) (24), Multivariate Drought Index (MDI) (40), Multivariate Integrated Drought
Index (MIDI) (6), Comprehensive Meteorological Drought Index (CI) (45), Microwave Integrated Drought
Index (MIDI) (47), Composite Vegetation Drought Indices (CVDI) and Meteorological Drought (CMDI) (49),
Modified Composite Drought Index (MCDI) (7), Factual Drought Index (FDI) (13), Composite Drought Index
(CDI) (22), Standard Integrated Drought Index (SIDI) (8) and so on, were presented by researchers. A
comprehensive index can be obtained for drought analysis and more acceptable results can be obtained by
adding more parameters that affect drought occurrence. Satellite indices can be used to monitor drought, but
their results are dependent on the environmental and climatic conditions in the region, according to research
findings. To monitor this phenomenon, it is necessary to evaluate the relationship between each satellite index
and the occurrence of drought in the studied region, and the appropriate index must be selected in each region
according to its vegetation and climatic conditions (2, 25). Most drought studies in Iran have not paid much
attention to how plants respond to drought, which is linked to crop water stress, and so far, there have been
fewer studies that have examined and compared drought trends with multivariate indices. Therefore, the
purpose of this study is to monitor drought using satellite indices and evaluate the efficiency of multivariate
indices for investigating droughts that have occurred during the 2001-2022-period in the Karkheh basin. Three
drought indices, including the Vegetation Health Index (VHI), the Normalized Land Surface Water Index
(NLSWI), and the Normalized Vegetation Supply Water Index (NVSWI), were chosen for this study.

Material and Methods

The Karkheh basin is located in the middle and southwestern parts of the Zagros Mountains in the west of Iran.
The basin covers a total area of 50,768 km?, with 55% of it located in mountainous areas, and the rest in plains
and foothills. The average annual temperature in the basin is between less than 5 °C in the higher parts of the
basin and 25 °C in the southern regions (fig. 1). According to satellite images and research, the growth period
of green vegetation in the studied region is from March to July, and depending on the climatic conditions in
some parts of the basin, it will last until the end of August (11, 3, 12). The peak of vegetation occurs at the end
of May (23). To monitor condition of vegetation and thermal stresses, MOD13A3 and MOD11A1 products
were received for calculating the VCI, TCI, VHI, NLSWI, and NVSW!I remote sensing indices from the USGS
for May during the 2001-2022 period (Tables 2, 3 and 4). The performance of remote sensing indices was
investigated using ground observation data from 11 rain gauge and hydrometric stations (Table 1) and SPI and
SDI drought indices in this research. The accuracy and precision of remote sensing indices were evaluated by
examining their correlation with SPI and SDI indices. The calculation of SPI and SDI indices was done after
sorting the data and reconstructing the missing data. Pearson's correlation coefficient was employed to examine
the correlation relationship between remote sensing indices with SPI11, SPI3, and SP16 and SDI in May of
2001-2022 (fig. 2).

Results and Discussion

According to the VHI, NLSWI, and NVSWI indices, the most severe droughts took place between 2001 and
2004, 2006 to 2010, and 2012 to 2015. According to the results of the VHI and NVSWI indices, the drought
was more severe and widespread in 2008 and covered almost the entire basin (fig. 3 and fig. 4, and Tables 5
and 6). The NLSWI index data revealed that the most severe drought took place in 2012 (fig. 5 and Table7).
Comparing of the average indices of VHI, NVSWI and NLSWI with SPI and SDI showed that there is a
significant relationship between precipitation patterns, surface flows and dry and wet conditions. The SPI and
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SDI indices have a good agreement on the results of all three indices (fig. 6 and Table 8). Thus, it can be
concluded that remote sensing indices are powerful enough to monitor droughts. This research's validation
results revealed that NVSWI and VHI multivariate indices are more effective than NLSWI univariate index.
NVSWI and VHI multivariable indices can be a useful tool for investigating drought conditions because they
take into account factors such as land surface temperature and vegetation condition simultaneously.

Conclusion

Considering the special weather conditions in Iran, particularly the climatic conditions of arid and semi-arid
regions, the use of the same indicators to monitor drought in different regions cannot lead to the same results.
Therefore, the relationship between each remote sensing index and drought in each region should be studied
separately depending on the specific climatic conditions and vegetation of that region, and selecting the
appropriate index is necessary for drought monitoring.

Keywords: Agricultural drought; Remote sensing; Univariate indices; Multivariate indices
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Fig 1. The location of the study area and the rain gauge and hydrometry stations in the Karkheh river basin

Table 1. The characteristics of the rain gauge and hydrometry stations located in the Karkheh River Basin (18)

No. Code Station Latitude Longitude Station Type
1 21-111 Aghajanblaghi 34°50 48°04' Rain gauge
2 21-113 Aran 34°24' 47°33' Rain gauge and hydrometry
3 21-127 Pole Chehr 34°21" 47°26' Rain gauge and hydrometry
4 21-133 Doab Merek 34°33' 46°47' Rain gauge and hydrometry
5 21-147 Halilan- Seimareh 33°44' 46°39’ Rain gauge and hydrometry
6 21-157 Dartoot 33°44' 46°39’ Rain gauge and hydrometry
7 21-167 Dehno 33°31' 48°47' Rain gauge and hydrometry
8 21-173 Doab Veisian 32°48' 48°47' Rain gauge
9 21-189 Pole Zal 32°48' 48°05' Rain gauge and hydrometry
10 21-191 Pay Pol 32°25' 48°09' Rain gauge and hydrometry
11 21-411 Nazar Abad 33°10’ 47°25' Rain gauge and hydrometry
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Table 2. Table 2. MODIS satellite products used in this study

Satellite Sensor Product Spatial Resolution Index
Terra MODIS MOD 13As 1 km VCI & NLSWI
Terra MODIS MOD 11A: 1 km TCI
Terra MODIS MOD 13A3 MOD 11A: 1 km VHI & NVSWI

Table 3. Computational relationships of each remote sensing indices

No. Index Equation Reference
NDVIij, — NDVI;pin
VCI = :
1 Vel NDVI; g — NDVI; pin (26)
NLSWI — LSWl;ji — LSWI; pin
2 NLSWI LSWI; max — LSWI; in (17)
LSWI = NIR — SWIR
" NIR + SWIR
LST; ynax — LSTiji
3 TCI TCI = : 26
LSTi,max - LSTi,min ( )
= — * <a<
4 VHI VHI = a*VCI+ (1 aa:) O'ECI o<ac<1 (53)
NVSWI = VSWij — VSWI i
" VSWInax — VSWI nin
5 NVSWI — NDVI an
__LST

Table 4. Classification of drought conditions based on the SPI, SDI, and remote sensing indices

VHI, NVSWI & NLSWI SDI & SPI Drought situation
VHI, NVSWI & NLSWI >80 SPI & SDI>0 No drought
60 < VHI, NVSWI & NLSWI <80 -1< SPI&SDI<0 Mild
40 < VHI, NVSWI & NLSWI < 60 -1.5< SPI & SDI <-1 Medium
20 < VHI, NVSWI & NLSWI < 40 -2<SPI & SDI <-1.5 Severe
VHI, NVSWI & NLSWI < 20 SPI & SDI<-2 Very intense

Collection and preparation
Download satellite images precipitation and discharge data

( ‘ MODI3A3 ‘
MODI11A1 MODI13A3
MOD13A3 MODILAL

@
@
Validation

: RMSE

- o mm mm mm mm m m m mm e e e e o e e e e e e e e =

Fig 2. The research steps flowchart
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Table 5. Percentage of area of drought classes based on the VHI index for May in the Karkheh river basin

Year No drought Mild Medium Severe Very intense
2001 453 16.6 16 11.7 104
2002 64.1 10.2 9.1 7 9.6
2003 56.2 13 111 8.4 11.3
2004 51.5 174 15 9.8 6.3
2005 52.6 14.1 12.6 9.9 10.8
2006 67 15.1 102 5 2.7
2007 74 9.9 7.2 4.6 43
2008 9.3 5.8 9.7 33.1 421
2009 43.7 16.5 14 9.6 16.2
2010 76.8 6.5 6 55 5.2
2011 82.7 8.8 51 2.2 2.2
2012 434 15.7 149 121 13.9
2013 48.6 14.9 151 11.7 9.7
2014 33 20 22.6 15.7 8.7
2015 49.6 113 131 13 13
2016 75.8 9.5 6.9 4.3 35
2017 67 12.7 9.2 5.7 5.3
2018 77.1 9.9 6.1 3.6 3.3
2019 774 9.1 5.2 4.1 4.2
2020 62.8 11.2 9.6 10.8 5.6
2021 73.8 10.5 8.6 39 3.2
2022 73.6 114 8.2 3.1 3.7

2019

legend

Very severe drought
Severe drought

2021 Moderate drought N
Mild drought
0 95 190 380 570 760 No dl‘Ollght

- ilometers

Fig 3. Drought situation in May based on VHI index in the Karkheh river basin
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Table 6. Percentage of area of drought classes based on the NVSWI index for May in the Karkheh river basin

Year No drought Mild Medium Severe Very intense
2001 94.1 4.8 1 0.1 0
2002 37.6 20 19.3 131 10
2003 53.7 195 16.1 4 6.7
2004 47.7 18.3 147 10 9.3
2005 66.4 15.8 11.7 49 12
2006 252 224 258 185 8.1
2007 24.6 23 27.8 17.6 7
2008 5.6 5.9 9.9 145 64.1
2009 92.6 4.4 24 0.5 0.1
2010 313 15.1 18.2 16.8 18.6
2011 7.7 149 5.6 1.2 0.6
2012 98.7 0.8 0.3 0.1 0.1
2013 88.7 6 33 1.3 0.7
2014 195 124 21.3 24.9 219
2015 19 175 231 21.3 19.1
2016 61.8 20.1 117 48 1.6
2017 84.5 11.3 31 0.8 0.3
2018 59.2 19.8 12.8 5.7 25
2019 95.5 2.3 11 05 0.6
2020 95.9 2.1 0.9 0.6 0.5
2021 76.5 148 3.9 2.2 2.6
2022 91.8 3.5 1 24 13

legend

Very severe drought
Severe drought
Moderate drought

‘ N
Mild drought
°_ QD_ 150 0 = 722ilometers No drought

Fig 4. Drought condition in May based on NVSWI index in the Karkheh river basin
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Table 7. Percentage of area of drought classes based on NLSWI index for May in the Karkheh river basin

Year No drought Mild Medium Severe Very intense
2001 55.6 23.2 15.8 4.7 0.7
2002 63.3 137 114 9.3 2.3
2003 74.2 12 7.1 51 1.6
2004 74.1 143 6.6 3.6 14
2005 71 155 9 34 11
2006 77 10.1 6.8 3.9 2.2
2007 80.4 115 5.7 1.9 0.5
2008 52.6 145 12.8 10.1 10
2009 58.2 17.8 14.7 7.6 17
2010 82.5 8 6.5 24 0.6
2011 815 59 7.6 52 0.1
2012 11 11 145 32.3 31.2
2013 46.3 21.9 19.6 10 2.2
2014 41.6 20.2 17.8 12.7 1.7
2015 88.7 5.6 39 1.6 0.2
2016 705 104 7.9 8.4 2.8
2017 64.9 134 8.3 9.8 3.6
2018 83.6 8.6 5.4 21 0.3
2019 88 6.4 35 1.9 0.2
2020 85.6 6.3 2.8 2.2 3.1
2021 87.7 4.2 2.9 24 2.8
2022 91.8 3.2 11 1.8 21

Very severe drought
Severe drought
Moderate drought
Mild drought

0_ s 180 360 540 720 No drought

Fig 5. Drought situation in May based on the NLSWI index in the Karkheh river basin
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Fig 6. The correlation coefficient between remote sensing and ground-based measurements in the Karkheh river
basin

Table 8. RMSE and MAE values for measuring the relationship between remote sensing indices and SPI/SDI

o SPI-1 SPI-3 SPI-6 SDI
Remote sensing indices
RMSE MAE RMSE MAE RMSE MAE RMSE MAE
VHI 018  0.16 0.24 0.2 0.29 0.27 0.32 0.29
NVSWI 015 013 0.21 0.17 0.22 0.19 0.21 0.20

NLSWI 0.31 0.29 0.37 0.34 0.42 0.40 0.39 0.41
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8 Microwave Integrated Drought Index (MIDI)

9 Composite Vegetation Drought Index (CVDI)

10 Composite Meteorological Drought Index (CMDI)
11 Modified Composite Drought Index (MCDI)

12 Factual Drought Index (FDI)

13 Composite Drought Index (CDI)

14 Standard Integrated Drought Index (SIDI)
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L Vegetation Supply Water Index (VSWI)
2Vegetation Health Index (VHI)

3 Temperature Vegetation Dryness Index (TVDI)

4 Aggregate Drought Index (ADI)

5 Multivariate Drought Index (MDI)

6 Multivariate Integrated Drought Index (MIDI)

" Comprehensive Meteorological Drought Index (CI)
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2 Normalized Vegetation Supply Water Index (NVSWI)

! Normalized Land Surface Water Index (NLSWI)
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4 Normalized Difference Vegetation Index (NDVI)
5 Land Surface Temperature (LST)
6 http://Ipdaac.usgs.gov/

! Standardized precipitation index (SPI)
2 Streamflow Drought Index (SDI)
3 Moderate Resolution Imaging Spectroradiometer (MODIS)
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