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Extended Abstract

Introduction and objective: In order to preserve forests and satisfy the wood demands
of different cellulose industries, it is crucial for officials and executive planners to
prioritize the use of organic fertilizers in forestry development. The aim of this study
was to investigate the effects of organic fertilizers, including animal manure, processed
fertilizer, and mycorrhiza, on the growth characteristics of two species. The specific

growth characteristics examined were collar diameter, height, and survival rate.

Materials and Methods: Three hundred seedlings of Eucalyptus and three hundred
seedlings of Mofid hybrid Poplar were planted on the lands of Pars Paper Industries
Company, located around Shush County in Khuzestan Province. The seedlings were
arranged in a completely randomized block design with three different treatments:
animal manure, mycorrhiza, and processed fertilizer, alongside a control treatment.
Each treatment was applied with a spacing of 3%3 meters in three replications. In
each replication, 25 seedlings were planted in plots with an area of 225 m?, totaling
approximately one hectare, with a four-meter distance between each adjacent plot.
After planting, the first step was to measure the quantitative characteristics, including
collar diameter (with millimeter precision) using calipers and seedling height using a
Bloom Lays device (with centimeter precision). These measurements were repeated

annually at the end of each growth period over the duration of the three-year study.

Shahghobadi, H., Sharifi Tabesh, S., Etemad, V., Javanmiri Pour, M., Shirvany, A. & Matinizadeh, M. (2025). The effect of different biological
manure treatments on the viability and growth rate of gum tree and hybrid poplar seedlings in an arid area. Journal of Drought and Climate
change Research (JDCR), 3(9), 1-16. 10.22077/idcr.2024.7756.1070
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The effect of different biological manure treatments on Y

Results and Discussion: In Eucalyptus, the bio-fertilizer treatments resulted in a 100% survival
rate, while the control treatment had a survival rate of 97.3%. In the Mofid hybrid poplar, the highest
survival rate was observed in the mycorrhiza treatment at 94.7% and the lowest was in the processed
fertilizer treatment at 80%.

When comparing the mean collar diameter growth for the Mofid hybrid poplar species, a significant
difference was found at the 5% level. The maximum collar diameter growth was recorded in the
animal manure treatment (72.2 mm), whereas the minimum was in the control treatment (22.2 mm).
For Eucalyptus, the highest mean collar diameter growth was observed in the mycorrhiza treatment
(87.6 mm), with the lowest in the control treatment (25.5 mm). Regarding height growth in the
Mofid hybrid poplar species, the mycorrhiza treatment resulted in the highest growth (195.75 cm)
and the control treatment the lowest (152.5 cm). For Eucalyptus, the highest height growth was in
the mycorrhiza treatment (325.5 cm), while the lowest was in the control treatment (209.51 cm).
Statistical results indicated that mycorrhiza significantly increased both collar diameter and height
in both species. Additionally, Eucalyptus demonstrated superior growth compared to Mofid hybrid

poplar, showing 45% more collar diameter growth and 32% more height growth.

Conclusion: Based on the results, the mycorrhiza fertilizer treatment led to better survival rates for
both Eucalyptus and the Mofid hybrid poplar species compared to other treatments. Furthermore,
it is recommended that under similar environmental conditions and considering the examined
characteristics, the survival and growth of Eucalyptus and Mofid hybrid poplar seedlings under the
influence of various bio-fertilizer treatments be prioritized. Eucalyptus should be given priority in
wood farming and plantation plans due to its superior performance compared to the Mofid hybrid

poplar.
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SSP  Scenarios, CMIP6 Aridity and desertification, as key consequences of climate change driven by reduced

precipitation and rising temperatures, have emerged as significant environmental

challenges, particularly in arid and semi-arid regions. Given Iran’s geographical

characteristics, aridity is an inherent feature of the country. This phenomenon impacts

various sectors, including agriculture, industry, public health, and population dynamics,

exacerbating vulnerabilities across society. Despite its profound implications for human

life, a comprehensive understanding of the population distribution and exposure to varying

Received: drought intensities remains lacking, particularly in Iran. Considering that a substantial

10 Oct 2024 portion of Iran lies within arid and semi-arid zones, coupled with predictions of future

population growth and increasing stress on natural resources, there is an urgent need

Revised: for systematic research. Such studies should aim to quantify and assess the population

7 Dec 2024 affected by different levels of aridity intensity across the country. This research primarily

seeks to determine the number of people likely to be impacted in various regions and to
Accepted: evaluate the severity of their exposure to drought.

7 Dec 2024 Materials and Methods

This study was conducted across Iran, utilizing data from 31 synoptic stations distributed

How to cite this article:
Ramezani Etedali, E. & Koohi, S. (2025). Investigation the Impact of Climate Change on the Aridity in Iran with Population Exposure Approach.
Journal of Drought and Climate change Research (JDCR), 3(9), 17-38. 10.22077/JDCR.2024.8258.1079

@ Copyright: Authors retain the copyright and full publishing rights. Licensee Journal of Drought and Climate change Research (JDCR). This article is an open
= access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https:/creativecommons.org/licenses/by/4.0/).



https://dx.doi.org/10.22077/vssd.2022.4953.1061
https://orcid.org/0000-0002-4840-0201
https://orcid.org/0000-0002-0118-795x
mailto:Ramezani@eng.ikiu.ac.ir

Investigation the Impact of Climate Change on the Aridity YA

throughout the country’s provinces. Monthly precipitation, average temperature, and maximum
temperature data were analyzed. Downscaled climate data from the NEX-GDDP suite were
employed, incorporating projections from five general circulation models (GCMs): CNRM-CM6-1,
CanESM5, GFDL-ESM4, HadGEM3-GC31-LL, and MIROC6. These models were examined under
two emission scenarios, SSP2-4.5 and SSP5-8.5. Precipitation and temperature data (average and
maximum) were gathered for the baseline period of 2001-2014 and the future period of 2025-2036
using coding tools within the Google Earth Engine (GEE) platform. After calibrating the coefficients
for each GCM during the baseline period, the outputs of the five models were combined. The error
rates between the observed values and the baseline model outputs were individually assessed for
precipitation, average temperature, and maximum temperature to ensure accuracy. The study utilized
two widely recognized aridity indices for classifying regional climates: De Martonne’s Aridity Index
(DMI) and Ering’s Aridity Index (EAI). Additionally, population projections for the 31 provinces,
based on data from Fathi (2020), were used to estimate the population distribution during the 2025—
2036 period, serving as the baseline for future analyses.

Results and Discussion

The evaluation during the baseline period revealed that the climate projections from the Sixth
Assessment Report on Climate Change accurately estimated atmospheric variables, including
average and maximum air temperatures, for most provinces in Iran, with the exceptions of Khuzestan,
Isfahan, and Hamedan. Analysis of changes in the DMI and EAI aridity indices indicates that, under
the SSP2-4.5 and SSP5-8.5 climate scenarios for the 2025-2036 period, there is a noticeable decline
in index values compared to the baseline period, signifying a shift toward drier and more arid climatic
conditions at numerous monitoring stations. These climatic shifts are particularly pronounced in the
central, southern, southeastern, eastern, and northwestern regions. An increase in aridity severity in
the central, western, and eastern areas is likely to result in reduced water availability, diminished
agricultural productivity, and consequently, more challenging living conditions. If this trend persists,
it may lead to population migration from arid and semi-arid regions to areas with more favorable
climatic conditions.

Furthermore, based on both DMI and EAI indices, projections under the SSP2-4.5 scenario suggest
that the population exposed to arid and semi-arid climates in the southern, eastern, and northern parts
of the country will rise compared to the baseline period. Similarly, under the SSP5-8.5 scenario,
the population affected by arid and extremely arid conditions is expected to increase significantly
relative to the baseline period.

Conclusion

With the population growth in arid and semi-arid regions, heightened pressure on natural resources

and local ecosystems in these areas is an inevitable concern. This situation is likely to give rise to
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significant economic, social, and environmental challenges in the affected regions. Consequently, it
is imperative for policymakers and natural resource managers to develop comprehensive strategies.
These should focus on effective water resource management, promoting sustainable agricultural
practices, and establishing the necessary infrastructure to adapt to climate change in vulnerable
areas. Such measures are essential to mitigate the adverse effects of climate change and to prevent

serious long-term problems.
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Table 3. The of MAE and MBE indices in the simulation of precipitation, average and maximum air

temperature in the base period on a monthly scale
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Table 4. The CC and NRMSE indices in the simulation of precipitation, average and maximum air temperature in

the base period on a monthly scale
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Teleconnection, Kermanshah, Temperature, as one of the most important parameters in weather and climatology,

Iran. is not only a fundamental element of climate, but its fluctuation or change triggers
complex processes within the atmospheric system, the surface layer, and the living
soil. One of the key influencing factors is the fluctuation of sea surface temperature
(SST), which, through a mechanism known as teleconnection forcing, plays a
significant role in regional temperature variability. According to some definitions,
these forcings serve as criteria for measuring temporal changes in intensity and spatial
variations in atmospheric circulation patterns. Therefore, the significant relationship
and correlation between the temporal changes of two circulation patterns or systems
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28 Jan 2024 30, 50, and 100 cm from the Kangavar weather station (representing the cold region),
Sararud station (representing the temperate region), and Sarpol Zahab station (representing

the tropical region) in Kermanshah Province were used for the period 1996-2020.
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Analyzing the Relationship between Soil Temperature \

Results and Discussion

The findings of this study reflect both the climatic characteristics of the region and the global
climate trend as echoed in the soil temperature of Kermanshah Province. Among the classical
indices, the AMO index showed the highest positive correlation coefficient across all soil layers.
Additionally, using the factor analysis method, six main components were extracted from all the
indices, with the first component showing the most direct correlation with the water temperature of
the regionys surrounding water bodies. An important point in analyzing the relationship among the
top three components is their nature—they all represent aspects of water temperature. This suggests
that the soil temperature regime in Kermanshah Province is likely more influenced by global
warming, and more specifically, ocean warming. The findings indicate that the highest explanatory
power (coefficient of determination) was observed for summer, autumn, and winter, respectively,
highlighting the predictability of warm seasons. However, soil temperature during spring appears
to be largely unpredictable using this method. Finally, the synoptic mechanism influencing soil
temperature fluctuations was interpreted through an environmental approach to circulation. The cold
soil temperature pattern across station depths is associated with the strengthening of high-pressure
systems and cold air advection. In contrast, the maximum soil temperature pattern corresponds to
the reinforcement of the subtropical high-pressure (STHP) ridge axis, extending from the Red Sea
to the Caspian Sea.

Conclusion

In this paper, the relationship between the soil temperature at three weather stations in Kermanshah
Province and several teleconnection indices was investigated:

In general, there is a significant relationship between soil temperature at various depths and regional
indices, particularly with sea surface temperature. This correlation, influenced by global ocean
warming, is described as a homophasic relationship. Additionally, the connection between soil
temperature and temperatures of the North Atlantic Ocean, Indian Dipole Index, and Central Pacific
Ocean is linked to atmospheric circulation patterns, especially the ENSO phenomenon. Regional
indices related to pressure and atmosphere also show a synoptic correlation with soil temperature.
The lower the temperature of the surrounding seawater, and the higher the temperature of the eastern
Indian Ocean, along with the positive phases of the NAO and EWAR indices, the lower the soil
temperature at the three stations, and vice versa. Correlations were also found between the soil
temperature and the indices of one season with those of the previous or following season. These
findings suggest the potential to forecast the next season and offer insights into the overall behavior

of soil temperature at various depths.
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Fig 2. The relative location map of the studied meteorological stations in this research.
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a. Relative harmony (homophase) between time series of soil temperature at a depth of 1 m in Sararoud station with
the AMO index.

b. Relative inverse harmony between the time series of soil temperature at a depth of 50 cm at Sararoud station with
SST index 3.4.

c. Relative inverse harmony between the time series of soil temperature at a depth of 30 cm at Sararoud station with

the IOD index, autumn season
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Table 2. Summary of the number and determination coefficients of the fitted regression models in the current

study-In this table, the number of models refers to the number of variables in the linear regression equation.
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Medicinal plants, Diffusion of Water shortage, as a global challenge, has widespread impacts on societies and

innovation theory, Margoon. ecosystems around the world. This issue is not only the result of reduced rainfall
and frequent droughts but is also exacerbated by population growth, increased water
consumption in the agricultural, industrial, and domestic sectors, and inefficient water
resource management. This crisis not only limits access to safe drinking water but
also threatens food security, heightens social and political tensions, and causes serious
environmental damage. Iran, located in the arid and semi-arid regions of the world,
faces a severe water shortage that has become a national crisis. In light of population

growth and the ongoing water shortage, changing the cultivation pattern and adopting
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23 Nov 2024 crops with lower water requirements, such as medicinal plants, offers a fundamental
solution for managing water resources. Medicinal plants, particularly perennial species,
have low water requirements and high adaptability to ecological conditions, enabling
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1 Jan 2025 them to play a significant role in optimizing water use and promoting appropriate
cropping patterns in agriculture. They also serve as a suitable alternative to water-
intensive crops and contribute to agricultural sustainability. Cropping patterns refer

Accepted: to the planning of crop cultivation in a way that prioritizes higher yields and lower
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water consumption. This research aimed to evaluate the feasibility of changing the

cultivation pattern from conventional crops to medicinal plants in the Margoon region
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of Kohgiluyeh and Boyer-Ahmad Province. Shifting the cultivation pattern in Margoon toward
medicinal plants responds to the challenges of water scarcity while creating sustainable livelihoods
for farmers in the region. It also presents new opportunities for economic development and improving
farmers’ incomes. The research was conducted in two stages: the first involved selecting the most
suitable medicinal plant, and the second assessed the feasibility of transitioning from traditional
crops to the selected medicinal plant. The statistical population in the first stage included experts
from the Agricultural Jihad of Kohgiluyeh and Boyer-Ahmad Province, while the second stage

involved agricultural beneficiaries (farmers) from the Margoon region.

Materials and Methods

In this research, the data collection tool was a researcher-created questionnaire, which underwent
face validity assessment by experts in rural development and agricultural extension. Its reliability
was confirmed through a pilot study, with Cronbach’s alpha coefficients ranging from 0.72 to 0.86.
The sampling technique for the first stage was purposive, while the second stage used random
sampling. Participants in the first stage numbered 15, and in the second stage, the sample size was
145. The results of the first stage showed that among the six medicinal plants—thyme, bon-sorkh,
rose, anguzeh, shallot, and saffron—anguzeh was identified as the most appropriate medicinal plant
for cultivation in the Margoon region. The assessment of the potential for changing cultivation,
based on five innovation characteristics, indicated a favorable perception of the change. Regarding
characteristics such as relative advantage, adaptability, and testability, it should be noted that the
current conditions meet the minimum expected (desirable) level, suggesting that cultivation can

indeed be changed in these aspects.

Results and Discussion

The results of the first stage of the research indicated that, among the six medicinal plants,
anguzeh was selected as the most suitable for the Margoon region based on characteristics such
as agricultural operations, maintenance, growth, and adaptability. Following this, a questionnaire
based on the theory of diffusion of innovation was used to assess the feasibility of changing the
cultivation pattern from common crops in the region, such as wheat and barley, to the cultivation
of the medicinal plant anguzeh. The results of the feasibility study, from the farmers’ perspective,
indicated that the shift from crop plants to the medicinal plant anguzeh could be implemented in
the Margoon region in terms of relative advantage. The analysis of the potential for changing the
cultivation pattern, based on five innovation characteristics, showed that visibility was in a favorable
condition. Regarding characteristics such as comparative advantage, compatibility, and testability,
it should be noted that the existing conditions are at the minimum expected level. However, in
terms of complexity, a desirable situation was not achieved, and the current conditions exceeded the
respondents’ expectations. Based on the findings, it was suggested that Extension Education Classes

and visits to model farms be utilized to address the complexities of anguzeh cultivation and enhance

farmers’ awareness.
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Table 2. Feasibility of the anguzeh medicinal plant cultivation after the relative cultivation

Sl g & e Ol gl eSilee sy oS
Sig t value Mean difference Mean Item
- YA SYY Y Yav o A0y
Higher production and yield
)8 Lo as 50 550 lacile b (Sl o) )l (IS
<) -vaz -7 VXY The possibility of mechanical control against field weeds
by Faroer
-fV ¥ oF Y.op pns) Sbloz oos dy
Possibility of early withdrawal
v — XA .Y vay Al
More revenue generation
-\ Y SY Y ¥ s e slanslel sl S o p Al
Having enough time to prepare the land and plant
. Y£A - Y\ fe 2SS GE e
Tolerance to drought stress in spring
.¥5 .4 Y YAY e sy o .
Possibility of mechanized harvesting
) 55 Yy Y.¥q okl ilon
Quick and easy withdrawal
\ V50 .X- Yy A5 S sa
Less labor required
A e AY Sy YA Jyazme ganein s Sbloy aS a3 .
Lower cost of harvesting and product packing
oy oy .4 e ' Ol S sy )'}.L. 9 Jyame CudeS ()39 ;"’VL.. .
High product quality and better marketability
<09 -\.£8 —.09 YA . JS""-" ' S S s
Simplicity of product sales
v e of Yor Eyoxe
Total

YL sl sl v

#Standard limit equal to 3

Sk (o9 38lge cablaie (65,5liS (il § (imy) (2]
Lol 65k 5 olS el casS b gl oslgls g 5las
G0 e Dgldi 00 iuS ciS Cyo adhis glye ol
A SRS SY FERR VIS - AP FRPPE SUE SRR tR W PR
olFaus 5l coadio Lil o)lge Ll 5l a5 5,00 Joamte 4
o2l 8 el byl o L was eSS 6,85l )y elas
ClS Egeme ;0 A4S WS oo Lid ladidl (puzen (ol
Lo Jlxe 0> o adhie ,o 6,55l blday ojexl oS

Journal of Drought and Climate change Research (JDCR)

Spring 2025, Vol.3, No.9, pp 63-82

S5l g0 S5 (5 93] @ baye @l () Jsor
IS mls aes oo plas 1) ojexsl ogls oLS S
Oyl e s oBaus 31 6,85k slodssS o 5l a8 el )
ailaie ;5 d92g0 Glubl)5 (g5 b 6,550 «55)5LaS
@lr 5 oee Sldbl 5 il S Gl slas o)l 5
Sl 5,58 (o oIy b g camsliie 5 ojenil s
S Fomb Camoy 0 g adl e s> b g
50 bl 5l yols oy a0 aid ogllas Cursyg
2 (b 8 Gls 50 gllae Condg ol ol 55
et bl b oojenil 6,85l sloaysS a5 el >



33 s 4 el 0Ll oS i WOl

wsls Slsten (al., 2004

Mahboubi et) ;Ko § o920 3 (and Nguyen., 2021

315 RN P YEH IREPR KRV ROR X g SUWRN L P gy PRE

Table 3. Feasibility assessment of the Anghuzeh medicinal plant after compatibility
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Table 4. Feasibility of the cultivation of the Anguzeh medicinal plant after complexity
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Table 5. Feasibility of cultivation of the medicinal plant Ferula from the aspect of trialability
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Table 6. Feasibility of cultivation of the Anguzeh medicinal plant after observability
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Table 7. Correlation results between innovation and demographic characteristics
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Extended abstract

Introduction

Natural hazards are an inseparable part of human life and have existed continuously
since the creation of mankind. Any unexpected and sudden natural event that causes
the weakening and destruction of economic, social, and cultural capabilities, such as
loss of life and property, destruction of infrastructure, financial resources, and areas of
decline in employment in society, is considered a natural disaster. Preparing risk maps
and assessing the susceptibility of the basin to drought can improve the preparedness
of a region and reduce the effects of drought by publishing drought mitigation plans at
the national and regional levels. Ardabil province, like other provinces in the country,
has been experiencing climate change in recent years. Abstract: A 10-year survey
and analysis of the Standardized Permeability Index (SPEI) in Ardabil shows that
mild to very severe (long-term) droughts occur in many areas of the province, with
68 percent of the province experiencing mild to very severe droughts and only 32
percent experiencing normal to moderate drought conditions. Of the drought-affected
area, 19.07 percent is mild, 24.42 percent moderate, 22.56 percent severe, and 72.23
percent very severe. Therefore, it is essential to examine its drought situation in the

coming years, considering the need for water resources management in the region.
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Materials and Methods

To prepare a map of drought-prone areas, annual statistics from the rain gauge and synoptic stations
of this province and the DSI index were used. In this study, based on previous studies, a combination
of natural factors (slope, rainfall, temperature, etc.), human factors (land cover changes), and
morphometric indices involved in the occurrence of drought, including the topographic wetness
index, mass balance index, geographical location index, and wind shelter index, are considered.
After collecting and extracting data, maps of information layers will be prepared in ArcGIS and

SAGA_GIS software.

Results and Discussion

The present study was conducted with the aim of zoning and predicting drought-sensitive areas
using a bagging-random forest hybrid machine learning model in Ardabil province. After preparing
a map of the distribution of droughts and identifying the factors affecting their occurrence, a map of
the region’s susceptibility to drought was prepared using the above method. The results of evaluating
the models using the ROC curve show that the model’s performance with an area under the curve
(AUC > 0.9) is excellent in predicting drought-sensitive areas. The results of the permutation study
in the above model to determine the factors affecting the occurrence of drought in Ardabil province
show that atmospheric factors, including rainfall, temperature, and climate, have the highest and
lowest impact on the wind shelter index and mass balance index, respectively. The two wetness
indices and geographical location were eliminated due to their very small impact (near zero) on the

model in the process of preparing drought sensitivity prediction maps.

Conclusion

Maintaining and increasing vegetation cover in these areas could be a reason for reducing the
occurrence of this phenomenon. The results of the final drought prediction map in Ardabil province
showed that about 60 percent of this province is very sensitive to droughts and is in critical conditions.
The results of the ROC curve and the area under the curve (AUC) showed that this model has
provided very acceptable results in terms of separating risk categories (above 60 percent in classes
with high and very high sensitivity) and in terms of evaluating models with a performance level of
0.911. Given the high sensitivity of this province to droughts, it is necessary to take the necessary
measures to deal with these events to prevent the worsening of conditions in this province. The
results of such research can help managers and officials of micro-national planning largely prevent
possible future risks by making correct and implementable decisions in the short term.

Due to the complexity of drought phenomena, simple drought indices cannot properly describe

the relationships between climatic, topographic, and anthropogenic factors that affect natural
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phenomena, especially drought events. To reduce the effects of drought and improve management,
it is very important to develop a spatial framework for identifying drought-prone areas at a regional
scale. By integrating the results of the drought index with drought prediction models, the factors that
affect the development of drought will be significantly revealed. The results of the bagging random
forest hybrid model for Ardabil province showed that areas with high sensitivity to drought are more
in the south and, to some extent, in the central parts of this province. The presence of low rainfall
along with arid and semi-arid climates will lead to an increase in temperature and evapotranspiration,
accompanied by a decrease in vegetation cover. The southern part of the province will be less
sensitive to future drought than other regions. In general, the decrease in rainfall is one of the main

factors affecting and intensifying drought in this province.
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Agricultural production, Introduction

Analytic Hierarchy Process Greenhouse cultivation plays a vital role in optimizing agricultural productivity
(AHP), Greenhouse and ensuring food security, particularly in arid and semi-arid regions. Iran, with its

cultivation,  Meteorological predominantly dry climate and limited water resources, faces significant agricultural

parameters. challenges. The increasing demand for food, driven by population growth, necessitates
innovative solutions such as controlled-environment agriculture. Greenhouse farming
offers a promising approach by enabling year-round cultivation, optimizing water
usage, and mitigating adverse climatic conditions. Zanjan province, known for its
Received: diverse agricultural potential, has seen a growing interest in greenhouse farming.
12 Jan 2025 However, before implementing large-scale greenhouse projects, a comprehensive
climatic assessment is crucial to ensure long-term sustainability. This study evaluates
Revised: the feasibility of establishing a greenhouse town in Nikpey City, Zanjan province,
3 Feb 2025 by analyzing key meteorological parameters and applying the Analytical Hierarchy
Process (AHP) methodology.
Accepted:
3 Feb 2025

Materials and Methods

This study utilizes a 21-year meteorological dataset (2001-2021) obtained from Zanjan
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province’s weather stations. Key climatic parameters such as temperature, precipitation, relative
humidity, wind speed, sunshine hours, and cloudiness were examined to assess their influence on
greenhouse suitability. The Standardized Precipitation Evapotranspiration Index (SPEI) was used
to analyze drought conditions, while heating and cooling degree days were calculated to estimate
energy demands. Additionally, climate classification was conducted using the De Martonne and
Ambrothermic methods. The Analytical Hierarchy Process (AHP) was employed to assign weight to
each climatic factor, providing a quantitative evaluation of Nikpey City’s suitability for greenhouse
establishment. Data processing and multi-criteria decision analysis were performed using software

tools such as Expert Choice and Super Decision to ensure accuracy and consistency.

Results and Discussion

The analysis revealed that the study area experiences moderate climatic variations, with an average
annual precipitation of 183 mm. Although the region generally falls within the normal precipitation
range, periodic droughts have been recorded, emphasizing the importance of efficient irrigation
strategies. The mean annual temperature is 11.9°C, with an average maximum of 19.3°C and an
average minimum of 4.3°C. Extreme temperatures recorded in the region include a low of -29°C and
a high of 42°C, highlighting the necessity for climate control measures in greenhouse operations.
The heating and cooling degree days assessment indicated that significant heating is required
during the winter months, whereas the need for cooling in summer is minimal. This underscores the
importance of energy-efficient greenhouse designs incorporating insulation and optimized heating
systems. Wind speed analysis showed that peak wind speeds reach 8.5 m/s in summer, with prevailing
winds originating from the south and southeast. Given the structural implications of strong winds,
greenhouse designs must incorporate wind-resistant frameworks to ensure durability and operational
efficiency. Sunshine hours analysis demonstrated that the region benefits from an average of
2975 hours of sunshine annually, with peak radiation levels occurring in summer. This presents
favorable conditions for greenhouse crop growth, provided that shading and ventilation systems are
adequately implemented. Relative humidity varies significantly across seasons, with lower humidity
levels during summer and higher levels in winter. The ombrothermic analysis classified the region
as cold and dry, corroborating the De Martonne classification that places Nikpey City within the
semi-arid category. According to the AHP results, the most influential climatic factors affecting
greenhouse viability in Nikpey are temperature extremes, wind speed, and humidity fluctuations.
While the region meets essential greenhouse farming criteria, the harsh winter temperatures and
strong winds pose notable challenges. These constraints necessitate strategic planning, including

thermal insulation, heating technologies, and robust structural reinforcements.
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Conclusion

The region’s average precipitation is generally stable and falls within normal conditions, though
occasional droughts and wet periods indicate climatic variability. The extremely cold winters
and warm summers suggest a need for heating in half of the year, while cooling requirements
are limited to the summer months. Additionally, relative humidity is high in winter and low in
summer, influencing plant growth and evaporation rates. Wind speed and direction vary seasonally,
with stronger winds observed in summer. Solar radiation is considerable, peaking in summer and
reaching its lowest levels in winter. Based on climatic indices, the region is classified as cold and dry.
Overall, the climatic assessment of Nikpey indicates that some parameters favor the establishment
of a greenhouse town, while others present limitations. The mean maximum temperature (19.3°C),
the number of months requiring cooling (two months), and the prevailing annual wind speeds
provide favorable conditions. However, the need for heating for six months of the year is classified
as moderately suitable, potentially increasing energy costs. Furthermore, the absolute minimum
temperature (-29°C), the number of frost days (119 days), and the highest annual wind speed (25
m/s) indicate serious constraints for greenhouse construction in this area. In conclusion, while some
conditions are beneficial, implementing heating strategies and structural reinforcements against

frost and strong winds is essential for successful greenhouse operations in Nikpey City.
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Journal of Drought and Climate change Research (JDCR)

Spring 2025, Vol.3, No.9, pp 95-114

Area



AR

ol Lt 31 IS e g anw 5 i ISl

&rSylE Skl ol sledle e ojls 5 el (il
rlpl 0,8 Sl Jlog S 50 il eaes i
SVE BATAAY lale o Al TV (g el 690 o

IRGAPVEIC NS O

oolaiul 890 gldoslo
oS! swlislsn 5 aldl glaosls 5l iz ol o
Jols casllas 5,90 dilain 0dgdoe )0 Sg2ge wlillsn
A oolaiul V Jgax Slasine b olxiy ol859,8 9 oSS

20 99290 )lel 0,50 Jsbo 4 azgi b oo (55l 0)90

axfllao 090 ddlio wlbllgn ool | wlasicn N Jyua
Table 1. The Specifications of The Meteorological Stations in The Study Area

Sl By S Jeb Uyo w3l gla! Olowdd b ol o6
Latitude Longitude (20) ol £ 95 Sl il Joxo ooty
aryd kb anl dmyd  akds 4wl Elevation Type of Station Name of City or  g¢ation
Village of
deg min sec deg min sec (m) Location
e o oy A 3 q VFO 5o ol oldl S S
Yeo s \Y A vy \$ Yad PSLSNERE AR ottt ooy,

6L@L‘L«0LQJ&QDN_Q_|).UU_~MJ)_|JI_MJ ‘B)j 0)50
QSAM 0)30 )J O 4.;[.._...4—‘ )| oo d_a‘)s) u_.iL..a

Olpl owbidlgn ylosl .(Ahmadi et al., 2017) o545 0
Shcwl oo )S i a0 VY 5 VA i ja 1) Jlaae o
5 995 o0 obwl Loy 39, Wil a0 YA 5l lse sleo
@ ks S jelow ax o VY lles 815098 6,5 Wb laxe

Dgs anles lasa 05 0w

n + QD)
HDD = > (Tyn = Trncan)
1=
n )
CDD = z ‘(Tmeani — Tpe)*
i=
(o) 0 aS

& ygmods 4S5 Cowl lga ailys, sles (- Kilo Tmeani
D9 g0 iy o5 Tmeani= (Tmaxi+Tmini)/2

A b g 4S5 Kle w54 Tmaxi s Tmini
W alg ) (glooo

4.._...4[.990 (.5‘)—’ céLa.._w‘ \))9_;! ‘f)Lo\b 6L€n4.ul.i TbC 3 Tbh
A —dole o 39,/ 40

Ss lop g o e Comigz corldl Ganails lo asLs
wbeslsn ol el b 51 ol cosaids 0,90 S o adhaie

)O w‘ Oﬁ.é 9 OL.\ ‘W LWBJQ) ‘Q;JJ)L! oo ),JQJ

Vsans gonlil Slalllas 5 uliblsn slayiolly oo nte
SR g Sy i(gmmnd Sughy e (51l s & jle
o 50 Geo%y il o o8 1 SUpl Ll Slels ol
NEENE

L)l 090 slaasls

S8 byl a5 Slsl sl I Sls C—mdg
BBl Jalge plo )l 2 odle JLuSas Consg
6l a4 sl &y 25 gy 5 oo aiile
bl e o Jailiad el 1 o JlocSis Conby il
sloJlo) coie 55kl 0y50 ;0 (SPED) ,m5 5 puses
SPEI azli .o oolaiwl (VFe--VF-) b YVA--A)

Los g oL sesls ol o a5 conl s iz pasll
2l Gl 258 (o0 )13 oslital 090 Juuilly §y5 5 peSeS
Cowl S8 BB el a3 18 L ae jeSde JluSes
Suly Sy g 5l el 385 g petud el s
Gowaal ¥ Jea> .0l eolawl (Thornthwait, 1984)
2y oW e ) s g Jlp (Jlos slaeygs
P a5l Ol ile S 9 (Shulo g LS
WOl oS S g Sl 0w oy90 0 oo 4o, S

woel8l s g JlSas glo ighy ddxe

W-INF o P F Lo @ ol pams 0y50



RIPCOUPIRPS PRI K ¢

SPEI (Nam et al., 2015) ja5Ls olul p JlocSis 9 Jlo g o Jlw i sloo 95 goinainb ¥ Jgu
Table 2. The Classification of Wet, Normal, and Drought Periods Based on The SPEI Index (Nam et al.,

2015)
SPEI _a>Ls Sowaal
SPEI index Classification
Extremely wet
VRNV b G
Severely wet
VEAL ) e s
Moderately wet
ARG iei>
Slightly wet
PR - ¥] s
Normal
N A
Mild dry
VR ) e lusis
Moderately dry
VAR BV wd Jlsas
Severely dry

Extremely dry

L (Q) oipmel (ush, cuyd w0l loineldl s,
(Citaristi,2022) s o dmulone ¥ alnl, 3 eolizul

)
Yoop

M"—m"

Qv =

5o il M () 55l o eSoa P o] 5 45
5 Les Jilax 5 Silom 5 (K°) Jlo olo cn e S 5o Lo
Slas 1y o5 el jloges oF S .l (K°) Jlo ol (58 yoo
Calm B 550 5 Q, (s05as 570 ] 50 5 AR 0
lale Ol i by ol 2180 g el (ioie g,
Slai jeom ows So jo Sk g Les wgie
loolo ay (B Hg e 45 Wig b oo v (S )9-b
—ln 93 olie ooz S (S350 Hoe ( Jlw
5 g 42 )0 i 5 (2T) aslale slod gt
e g (P) ailale Sa5)b 4 cnl) Coos (69508 970
Syl ybgaias Jl 5l pleole .l oo olaiz! e Lo
Wole polw g K23 0,99 loreds 025 )13 2T Jloged 3

Wgdge 485 a5 50 el e 0y90 e

Journal of Drought and Climate change Research (JDCR)

Spring 2025, Vol.3, No.9, pp 95-114

ol cijle 90 (corlil (ganail slahy, calllas (nl
Gblie (oorldl gla Sg b il o 4y Soigyal
oty Bl oy bl dler I Sl e § K
Slp (Sl g Lo laosls sl eolazul b yle g0 g,
& 03yl gy el conlin 3bj olod lilugi b bl
O Gl g aBlby Swl g Lo alal, 5580 Ll
P9y el (69 )l LadlHS cilo s 5 (c2ale S slasls
WJlo Jsbo 50 Led g Cughy Ll (cusy 0 b 5 Seoa g sl
aibaie (ol )3 GRS lals ol lys g5leacs ol
ol sl by
AL Slae p ganatl Gl i lesd (sonlil gunai b
o8l £55 s (sl (S g Led 5l eyl 5o 5 el (S
£5 o Sl LY (25 alal) (5l 99 098 00 oolin]
:(Rahimi et al., 2013) ols &3l,l dalaie S (o8l
P Ay
TR
Y 5 Sl P o St asls T oyl o oS
O obegs .l (°C) a¥le &)l ax o lawgie t 5 (mm)

I

(V Jga) 0ged asrinn | 08l £95 il ot (0l o



Vo oot 51 IS SlacS gd a5 et

O slogd (oAb Y Jauer
Table 3. The De Martonne Climate Classification
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Fig. 3. The Flowchart of Feasibility Assessment Stages in The Establishment of A Greenhouse From The

Climatic Perspective in The Nikpey Region
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Table 5. The classification of precipitation calculated from SPEI
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Urban heat island, climate, Introduction:
cities, urban planning, strategies The phenomenon of the Urban Heat Island (UHI) exerts significant influences on urban

climate and the environment, particularly during summer periods, causing elevated
temperatures in urban areas compared to their surroundings. This phenomenon can
lead to public health concerns, increased energy consumption, and air pollution. This

research investigates strategies to mitigate these effects using a bibliometric approach.

Materials and Methods:
For data analysis, VOSviewer software, an advanced analytical tool in the field of

bibliometrics, was employed. Data were extracted from scientific articles published
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optimizing urban design and implementing policies related to stormwater management

are also considered effective approaches for mitigating this phenomenon. The results of
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Urban Heat Island Mitigation Strategies: Solutions and ¢

the bibliometric analyses reveal that extensive research is underway within four main clusters: green
infrastructure, reflective materials, climate modeling, and urban policy. These investigations not only
emphasize the improvement of air quality and reduction of energy consumption, but also address
mitigating the negative impacts of UHI on urban health and well-being. Successful implementation
of these strategies necessitates coordination among policymakers, experts, and citizens to contribute
to the enhancement of the urban environment. This research is particularly relevant for countries

facing severe Urban Heat Island challenges, as it can offer effective mitigation strategies.

Conclusion

The bibliometric analysis revealed that urban heat island mitigation strategies are concentrated
around four main thematic clusters: green infrastructure, reflective materials, spatial-climatic
modeling, and urban policy. Among these, vegetation coverage, cool roofs, reflective pavements,
and climate-responsive urban planning emerged as the most prominent approaches. The findings
also highlight the growing research interest in emerging technologies and integrated strategies.
Coordinated efforts between researchers, policymakers, and urban planners are essential for the
effective implementation of these solutions, especially in regions experiencing intense urban heat

effects.
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Table 1. Four thematic clusters resulting from co-occurrence analysis of keywords

Lao3lals aag> ol
Clust
Keywords Nl::rsnzr

air pollution, climate change, climate change adaptation, cool pavements, cool roofs, green

infrastructure, green roofs, heat island, heat mitigation, land cover, land surface temperature, land \ adgs
use, microclimate, remote sensing, surface temperature, surface urban heat island, thermal comfort,
urban cooling, urban heat island, heat island effect, urban heat island mitigation, urban Cluster 1

meteorology, urban morphology, urban resilience, weather research and forecasting model

albedo, anthropogenic heat, building energy consumption, cool materials, cool pavement, cool roof,

energy consumption, energy efficiency, Envi-met, green roof, heat wave, human thermal comfort, Y abe>
mitigation strategies, mitigation strategy, outdoor thermal comfort, passive cooling, solar
reflectance, tropical climate, mitigation, canopy model, urban heat island, urban microclimate, Cluster 2

urban vegetation, UTCI, vegetation, WRF

Air temperature, geographically weighted regression, GIS, heat waves, land surface temperature,

land use/land cover, Landsat, local climate zone, local climate zones, LST, Modis, NDVI, surface ¥ ade
urban heat island, thermal remote sensing, urban climate, urban form, urban heat island intensity,
. .. . Cluster 3
urban thermal environment, urbanization, urban warming
climate adaptation, heat mitigation strategies, heat stress, mitigation, overheating, simulation, urban ¥ adys
heat islands, urban overheating, urban planning, vulnerability
Cluster 4
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(Table 2. Evaluation of countries’ scientific performance: Key indicators (Documents, Citations, Link Strength

[EX PRI AN T slewl JgunS

Total Link Strength  Citations Documents Country
£ AVY- VEY United States
Y AYAY YA China
Y- YAAQ YA Italy
VA YASQ \K4 Canada
Y YAEY f- Australia
A YY\Y fv United Kingdom
\# \EEA ' Hong Kong
I \OOF VY Greece
Vf \Adig Yf Singapore
VY Yiva vY Japan
VO V-YP oy India
'8 AAA Yy Germany
N ASY A Spain
3 vey VY Malaysia
N ovs N France
£ fYY q Netherlands
v Yoy q Switzerland
\s YVYY ). Iran
f Yvy A South Korea
s TV V¥ Egypt
Y Ys. v Taiwan
4 Yoo i Saudi Arabia
f VAS 0 Bangladesh
IN \V-. AR Chile
Y \of o Philippines
Y AY o Austria
Y A- N Mexico
Y Vo 0 Poland
\ #f e Turkey
Y OA \i Indonesia
Y FA N Brazil
Y fY o Portugal

Journal of Drought and Climate change Research (JDCR)

Spring 2025, Vol.3, No.9, pp 115-134

\Y#



VWY oLl e s mbe S o sl slae sl

u.l).’ﬁ)—u.\.a.’ u‘e_..céb O 9 od—>io qu_:l ‘.“.A_w| (_g).@‘_m

OMQQL&J )‘\)9_0.; u_»‘ Sl sod o\))ji )_’).' )9—m5

kf’LA}f o)_t).‘> 0)9—> )Q QM—"‘) ‘-\—‘Jﬂ" gr’u‘)p &’)9”

United states | ——
China |
Ialy

Indic [
United Kingdom [
Australic [N
Canada [N
Germany [N
Japan [N
singapore [N

0 10 20 30 40 50 60

70 80 90 100 110 120 130 140 150

QS ulg 5y 59 S 03 6 3 (2L )5 03232 bl (LSl @598 F S
Fig 4. Geographical distribution of urban heat island documents for the top 10 producing countries

Ooml® YeVF L YeVe 0,00 0 05d 00 cdalin

33 G (it Wl sl o S g uKeiir
52 ialS ealmdl sl Yo YV Y- Y e gla S 250>

120
100
80
60
40
20

0
2000 2002 2004 2006 2008 2010

o3 Job o olella JolS
PYYFLYe Sheyosl o Jluw Lull 1ol

olaay VeV o=Veo v 5560 10 .l oo 00,9] 103 log i

OYLas slass )0 om0 ol ) YV LY Ve 0,90 30

2012 2014 2016 2018 2020 2022 2024

VoYPYoor Glojojl 5o sole olowl ,Liail wig,y .0 JSb
Fig5. Trend of scientific document publication in the time period 2000-2024

olass oliwl slass taes oo lid ol JLaes 4w
35,50 B Ladign Gad gaeme g Slaliiul
((olcwl #YY cw VY )“Pisello, Anna Laura” 4 Lo ;|

OEM‘? )m M
3 Jled B ey o)y Sledlsl sa bl Jou o
ol et 2l S =l el sle Sl 05>

melBlyss 5 JSis slo jiaghy alors

VVo-YF P NF-F )‘.@5 A L;\Lu (P 0,90



Wsls (Vb (6,18 5t sl WYY g uw P LU M
aS b s wsles,S ads (6,eS sl slass Ll
3,ls 6y cdled oiw VY L “Pisello, Anna Laura”
o=l el on 5 ccdl o (PYF) (g meS cloloul Ll
el Yo CS g oS glal sl

4 b o3l Ss asly 5 0L gaie o | VYA

Akbari,” ¢ (slc—wl YVYAY i ) “Wang, Zhi-Hua”
u.;)..)bf)_ul.’ Ols—eds (Gl VYA e 1) “Hashem
asld ololowl g oliwl slass by 5l o gy
wliwl V2 ¥ L “Bou-Zeid, Elie”  pores s o
cmode (6505 50 L 5l S sl slass oty e

Santamouris,” ale> 5l HEaiwsss (F o Conl A 5

Baigy a9 Glslisw! bl (wlwl p gahdd ) (s ped (2l )5 i Slals sla)Kal; 059> 0 Jlad (B s 5. ¥ Jgux

Table 3. Active authors in the field of urban heat island mitigation: Ranking by documents, citations, and

link strength
EXGWRURWF IO Slsbeesl sl ERCOWPY
Total Link Strength Citations  Documents Author
YA VY v Bou-Zeid, Elie
al VYAY a Wang, Zhi-Hua
£0 1Y q Akbari, Hashem
A YAYY 4 Santamouris, m.
f4 Af4 A Berardi, Umberto
N AYY £ Haghighat, Fariborz
\Y AYA 7 Mirzaei, Parham a.
oy £a0 Y Wang, Yupeng
AR #Y¥ \Y Pisello, Anna Laura
Ve FYY o Wong, Nyuk Hien
'O OV 0 Taleghani, Mohammad
Y'Y OV o Yang, Jiachuan
A Y Y Cotana, Franco
\f FFY 0 Martilli, Alberto
o YOf o Ren, Chao
VY Yo N Sailor, David J.
Yy Y40 4 Jandaghian, Zahra
q V&5 0 Battista, Gabriele
I A A Noro, Marco
\ ff e Palme, Massimo
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Table 4. Highly cited articles in the field of innovative solutions for urban heat island mitigation

Slalizw! olaws

alio r:l.a JLM: 08 ¢ r:l;
Number of Citations Article Title Year Author(s)
YED A study .on tk'le cooling effects of greening in a high- Yoyy Ng et al
density city: An experience from Hong Kong
Vi The urba.n heat island effect, its 'causes, and mitigation, Yoy Mohajerani et al
concerning the thermal properties of asphalt concrete
A¥ Using coo-l pavements as a mitigation strategy to fight Yoy Santamouris
urban heat island—A review of the actual developments
Synergistic Interactions between Urban Heat Islands and
FrY Heat Waves: The Impact in Cities Is Larger than the Sum Y-V Li & Bou-Zeid
of Its Parts
AR Approaches to study Urban Heat Island — Abilities and Yoy Mirzaei &
limitations Haghighat
S otlo Syl Glidiad 0j9o 50 Sl yy e B gux
Table 5. Highly cited journals in the field of urban heat island research
loliw! olows Slewl slaws e ol
Number of Number of
o Journal Name
Citations Documents
viay 24 Sustainable cities and society
YYYY vy building and environment
Yeyy 4 science of the total environment
VAT v renewable and sustainable energy reviews
\laYe \AS energy and buildings
VOV A journal of applied meteorology and climatology
VANY \a urban climate
Ve AY ) Environmental Research Letters
£y v solar energy
fAQ Yo sustainability (Switzerland)
fe0 v landscape and urban planning
YVE VY remote sensing
Y o Urban Forestry and Urban Greening
\Fe 4 Theoretical and applied climatology
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National security, environmental Introduction

crises,, global warming, Environmental issues in the country, stemming from a combination of natural factors,
migration, border points. climate change, and human activities, are on the rise and have become one of the

nation’s most pressing challenges. These problems are particularly pronounced in
border regions, where the local economy largely depends on agriculture and livestock.
Decreased rainfall, water shortages, soil erosion, and environmental degradation
are among the key factors reducing agricultural and livestock productivity in these
areas. The direct result of these conditions is a decline in agricultural and livestock

production, leading to the migration of border residents to central regions of the
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local populations are expected to rise, potentially leading to internal strife. In such circumstances,
national security is jeopardized, as border areas become more vulnerable due to depopulation and
social and economic instability. This paper examines the relationship between environmental issues,
migration, and national security in both Iran and the world. After providing precise definitions of
concepts such as environmental issues, migration drivers, and national security, the analysis focuses
on the consequences of environmental problems on the migration of border residents and its impact
on national security. The paper is regarded as a valuable study in terms of both its topic and content,
as it not only explores how environmental problems influence migration and national security but
also offers strategic measures for policymakers to address these challenges. Therefore, the present
study stands out as a novel contribution in the field of environmental issues and migration, capturing

the attention of policymakers and decision-makers.

Materials and Methods

This study employed alibrary-based research method, using note-taking to gatherrelevant information.
The research aimed to investigate the impact of environmental issues on border residents’ migration
and national security. The main variables identified were environmental problems, border residents’
migration, and national security. Data were collected from sources such as Google Scholar, the
Islamic World Science Citation Center, Magiran, the National Library of Iran, and Civilica. The
most relevant and up-to-date resources, including books and articles, were reviewed. For each
source, details such as the author, publication year, content, and key findings were recorded. Using
a descriptive-analytical method, the data were analyzed to examine the patterns and relationships
between environmental issues, migration, and national security. The VOSviewer software was used
to visualize and graphically represent data extracted from databases like Web of Science, Science

Direct, and Google Scholar.

Results and Discussion

Environmental problems such as water scarcity and drought can make life in rural areas challenging,
reducing available economic and agricultural opportunities. Climate change exacerbates these
issues, with more severe droughts affecting crops and agricultural productivity. Inefficient resource
management and neglect of environmental conservation can further worsen environmental problems
and encourage migration. Migration is typically driven by a combination of factors, and environmental
issues are just one dimension of this phenomenon. A visual network of keywords, generated using
VOSviewer software, demonstrates the relationships between concepts like water scarcity, climate
change, migration, and border populations. In this network, climate change is central, indicating its

pivotal role in creating and intensifying other issues. Border insecurity can deeply affect migration
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patterns, as individuals may feel compelled to leave due to economic decline, reduced educational
and healthcare services, and general instability. Specific environmental issues like water scarcity,
soil degradation, and global warming (climate change) significantly threaten border regions and
contribute to migration. For instance, water scarcity, exacerbated by climate change, can lead to
droughts that make agriculture unsustainable in many areas, driving people to seek better livelihoods
elsewhere. In Iran, as in other countries, water resources are limited, and persistent droughts are
creating severe water shortages for agriculture, industry, and domestic use. Water scarcity also
affects food security, as diminishing fertile land leads to lower agricultural yields, resulting in
hunger and poverty, further driving migration. The impact of soil degradation is similarly significant.
The loss of fertile soil, necessary for agriculture, can lead to widespread economic decline in rural
communities, pushing people toward urban areas where opportunities are perceived to be greater.
For instance, over-exploitation of natural resources, such as forests for timber, can accelerate soil
erosion, leaving lands unproductive. Moreover, global warming is expected to exacerbate these
issues further, as higher temperatures and increased greenhouse gas emissions lead to more severe
droughts, desertification, and water shortages. These environmental changes directly impact human
settlements, particularly in vulnerable border areas where economic and social infrastructures are
already fragile. In addition to environmental causes, migration is heavily influenced by political and
economic factors. Border areas, often economically marginalized, suffer from underdevelopment
and poverty, making them vulnerable to external influences such as drug trafficking, terrorism, and
sectarian violence. In some regions near Iran’s borders, for instance, the threat of terrorism and
organized crime creates insecurity, which further motivates migration as individuals seek safety in

more stable regions.

Conclusion

Migration is driven by a combination of environmental, economic, social, and political factors.
Environmental challenges such as water scarcity and climate change are increasingly contributing
to migration, particularly in rural and border areas. These factors, along with economic
underdevelopment, political instability, and social tensions, create a complex web of causes that
compel people to move. Addressing these challenges will require coordinated efforts to ensure
sustainable development, environmental conservation, and economic growth, especially in vulnerable
border regions. Effective management of natural resources, along with investments in infrastructure

and social services, can help mitigate the root causes of migration and promote stability.
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