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Abstract

Climate change, a phenomenon that has been occurring since ancient times, has accelerated in
recent years. This study investigates the impact of climate change on groundwater resources using
the MODFLOW model. To achieve this, the water balance was first calculated, and then
temperature and precipitation data for the near future (2031-2050), mid-term (2051-2070), and
long-term (2071-2090) periods were estimated using global climate data. These estimated
temperature and precipitation values were input into the MODFLOW 2005 model. The results
showed that, under two climate change scenarios—shared socioeconomic pathways (SSPs) SSP2-
4.5 and SSP5-8.5—the monthly averages of both minimum and maximum temperatures are
expected to increase across all months of the year. In the optimistic scenario (SSP2-4.5),
precipitation and aquifer recharge are projected to remain at current levels on average; however,
groundwater levels are anticipated to decline by approximately 22 meters by 2089, with annual
and seasonal fluctuations persisting in the long term. In contrast, the pessimistic scenario (SSP5-
8.5) predicts a significant reduction in both precipitation and aquifer recharge, leading to a more
pronounced decrease in groundwater levels. In this scenario, groundwater levels are expected to
drop by about 30 cm per year in the long term, largely due to changes in precipitation patterns
and aquifer recharge rates.
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Extended Abstract

Introduction

Climate change, a phenomenon that has been occurring since ancient times, has notably accelerated in recent
years. In the current context, both the rate and intensity of this acceleration have significantly increased.
Groundwater resources, which are essential for human life and the environment, are under threat, with factors
such as weather playing a critical role in their availability and stability in terms of both quantity and quality.
Studies on the impacts of climate change on groundwater resources in the Mekong Delta, Vietnam, have shown
a projected decrease in groundwater levels over the short, medium, and long term. Similarly, research on the
fluctuations of groundwater levels in Hashtgerd has revealed an annual decline of 73 cm at present, with an
anticipated increase in the rate of decline in the future, leading to a shift of the aquifer from a critical state to
a super-critical state. Furthermore, an examination of the relationship between meteorological drought and
groundwater levels in Dasht Al-Shatar demonstrated a strong correlation between drought conditions and the
drop in groundwater levels. These findings highlight the need for an early warning system to mitigate the
effects of groundwater drought in the future. Groundwater also serves as an archive of past climate variability
and provides insights into changes in water quality, including nutrient levels, chemical composition, and
isotopic evolution within an aquifer. Given the expansion of human communities over groundwater aquifers
and the substantial alterations humans have made to natural hydrological systems, it is anticipated that the
response of groundwater to future climate changes will intensify. In this study, the impact of climate change
on water balance components in the Kor River catchment area has been analyzed using remote sensing data.
It is assumed that the effects of climate change, in the near, medium, and long term, will lead to a reduction in
groundwater reserves. The objective of this research is to estimate the volume of groundwater using the current
MODFLOW model and to project its future trends in light of anticipated climate changes.

Material and Methods

This research was conducted in the watershed of the Kor River, one of the main rivers in Iran, covering an area
of 16,500 square kilometers. To investigate the impact of climate change on precipitation and temperature,
data for three future periods were considered: near future (2031-2050), medium future (2051-2070), and far
future (2071-2090). The data were obtained from three climate models—GFDL-ESM4, HadGEM3-GC31-
LL, and ACCESS-CM2—under two climate scenarios, SSP2-4.5 and SSP5-8.5. The analysis was carried out
for seven climate stations: Ahmadabad, Chahardange, Chamriz, Chobkhole, Jamal Beg Shirin, Khosro Shirin,
Sedeh, and Dorudzan Dam. In this study, the long-term optimistic and pessimistic scenarios regarding
groundwater recharge were examined for the Aspas, Bekan, and Khosroshirin plains, which are located in
close proximity to one another. These plains, which serve as important groundwater sources, were analyzed
using the MODFLOW model.

Results

Changes in monthly precipitation, based on TRMM satellite data for the period from 2000 to 2019, indicate a
decreasing trend in precipitation during the studied period. The monthly discharge variations at the Dehkadeh
Sefid and Chamriz hydrometric stations, under two scenarios—SSP2-4.5 and SSP5-8.5—reveal that the largest
increase in discharge compared to the base period occurs in October across all future periods. This is consistent
with the observation that the highest increase in precipitation compared to the base period at the adjacent
climate stations also occurs in October, making this result fully justified. These findings align with the results
of other studies (1, 7). The highest increase in discharge at both the Dehkadeh Sefid and Chamriz hydrometric
stations occurs in October under the SSP2-4.5 scenario during the period from 2051 to 2070, where the average
flow rate at both stations increases by 2.39 and 2.34 times, respectively, compared to the base period. Under
the SSP5-8.5 scenario, this increase will occur in the period from 2031 to 2050, with the average flow rate at
Dehkadeh Sefid and Chamriz hydrometric stations rising by 2.34 and 2.61 times, respectively, in October
compared to the base period. Changes in near-surface air temperature, based on NOAA gauges, show an
upward trend in temperature. Additionally, the average minimum and maximum monthly temperatures under
both SSP2-4.5 and SSP5-8.5 scenarios in the studied area are projected to increase in all months in the future.
Under the optimistic scenario (SSP2-4.5), precipitation and aquifer recharge are expected to remain at current
levels on average; however, the groundwater level is anticipated to continue decreasing over the long term,
with annual and seasonal fluctuations. Proper resource management could mitigate the effects of reduced water
resources and prevent land subsidence. In contrast, under the pessimistic scenario (SSP5-8.5), precipitation
and aquifer recharge are projected to decrease significantly, leading to a decline in groundwater levels. This
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reduction will vary among aquifers, with the Aspas aquifer experiencing the greatest decrease, followed by the
Bakan and Khosro Shirin aquifers. Factors influencing groundwater levels include precipitation, aquifer
recharge, water extraction, and evaporation/transpiration. These changes could result in reduced water
resources, land subsidence, and other environmental challenges.

Discussion and Conclusion

The groundwater levels in the three studied aquifers over the long term were significantly influenced by
precipitation and aquifer recharge scenarios. In the optimistic scenario, the groundwater level is expected to
follow a decreasing trend, although it will remain relatively stable on average. In the pessimistic scenario,
however, the groundwater level is projected to decline significantly. Sustainable water resource management,
reduced water extraction, and enhanced aquifer recharge are key solutions to mitigate the impacts of these
changes and ensure the preservation of these valuable resources for future generations. Thus, it can be
concluded that the primary factor influencing groundwater level changes in these aquifers is water extraction
from wells.

Keywords: Climate change; MODFLOW; Groundwater; Kor River
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Table 1. Timing of the maximum decrease and increase in rainfall compared to the base period at different

stations
Dorudzan dam Sedeh Khosro Shirin Jamal Beg Shirin Chobkhole Chamriz Ahmadabad Chahardange changes
Sep Oct Dec Oct Nov Oct Oct Maximum
decrease
Mar May Mar Mar Feb Apr Apr Manmum
increase

Table 2. The maximum decrease and increase in rainfall compared to the base period at different stations

Dorudzan Khosro Jamal Beg Ahmadabad

dam Sedeh Shirin Shirin Chobkhole Chamriz Chahardange Time duration
%168 %130 %108 %149 2031-2050 Maximum
%261 %172 %119 %105 %114 %151 %189 2051-2070  decrease
%38 %35 %35 %22 %35 2031-2050 Maxi
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Fig 6. Long-term average of maximum and minimum temperatures at synoptic stations for the future period
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Abstract

With the intensification of global warming, extreme weather events have become a critical global
concern. However, the sensitivity of different geographical regions to climate change varies
significantly. This study examines the temporal and spatial variations of extreme meteorological
events in Yazd Province, Iran, using data from the province’s meteorological stations over the
period 2004-2023. Ten major meteorological hazards were identified and categorized into two
groups: (1) phenomenon-based hazards and (2) temperature- and precipitation-based hazards.
Spatial distribution maps of these hazards were generated and analyzed using GIS software, and
temporal trends over the study period were assessed. Finally, by integrating all identified hazards,
a comprehensive risk map was developed to evaluate the vulnerability of different areas to
extreme weather events. The results indicate that the central and northern regions of Yazd
Province are the most vulnerable, whereas the southern and western areas experience the lowest
frequency of meteorological hazards. Among all examined locations, the Meybod synoptic station
was identified as the most hazardous. Additionally, the findings reveal that temperature-related
hazards exhibit more pronounced trends than other types of hazards. Specifically, the number of
frost days and cold waves has declined, while the frequency of heat waves has increased
significantly, particularly in recent years, underscoring the severe impact of global warming on
Yazd Province. These findings provide valuable insights for disaster risk management and the
prioritization of mitigation strategies based on regional vulnerability levels.
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Extended Abstract

Introduction

Greenhouse gas emissions from human activities have reached their highest historical levels and have had
widespread effects on the climate system (18). The most immediate and evident consequence of climate change
is global warming. Global warming has led to an increase in the frequency, intensity, duration, and spatial
extent of extreme weather events. However, the rate of warming is not uniform across the globe. Some regions
experience more pronounced climatic changes, while others are less affected (6). Additionally, as global
warming continues, the frequency and intensity of climatic hazards are expected to rise in the future (46, 1). It
should be noted that climate change can significantly impact various aspects of human life, including water
resource management, agriculture, health, ecosystems, biodiversity, energy, and transportation (40, 7). These
effects are further exacerbated by factors such as population growth and urbanization, leading to increased
competition and demand for natural resources (46). Yazd Province has suffered considerable damage due to
climate change, particularly in terms of water shortages and extreme heat. Climate change and extreme events,
especially in arid and hyper-arid climates like Yazd Province, can have disastrous consequences due to their
sensitive and fragile ecosystems (43). Therefore, understanding these changes is crucial for effectively
addressing their future consequences. The purpose of the present research is to investigate the spatial and
temporal distribution of climatic hazards in Yazd Province using meteorological station data.

Material and Methods

Yazd Province, covering an area of 73,756 km?, is located in the central part of the Iranian Plateau and accounts for 4.5%
of Iran’s total area. The province lies between latitudes 29°48' to 33°30' north and longitudes 52°45' to 56°30' east (Fig.
1a). A small portion of the province consists of highlands, with only about 2% of its area situated at an altitude exceeding
2,500 meters (Fig. 1b). Meanwhile, more than 19% of Iran’s desert areas are located within Yazd Province. For this
research, data from meteorological stations in Yazd Province covering a 20-year period from 2004 to 2023 were analyzed.
In the first stage, 10 significant and widespread climatic hazards were identified through data processing, including dust,
dust storms, thunderstorms, fog, heavy snow, heavy rain, extreme rain, frost, heat waves, and cold waves. These hazards
were subsequently categorized into two groups. The first category, phenomenon-based hazards, included dust, dust
storms, thunderstorms, fog, and heavy snow. The frequency of these hazards was determined using SYNOP data from 10
synoptic stations in the study area, based on current weather codes (WW). The second category encompassed hazards
such as heavy rain, extreme rain, frost, heat waves, and cold waves, whose frequency was calculated using temperature
and precipitation data and appropriate formulas for each hazard (Table 1). At this stage, in addition to synoptic station
data, information from 8 climatology stations and 59 rain stations was also utilized. After computing the annual frequency
of each hazard, the inverse distance weighting (IDW) method was applied to generate spatial distribution maps.

Results

Among the investigated hazards, frost and dust were the most frequently occurring phenomena, while extreme events
such as dust storms and heavy snow were the least frequent. The highest frequency of phenomenon-based hazards was
observed in the central and northern regions of the study area, whereas the lowest frequency was recorded in the southern
regions (Fig. 2 to Fig. 5). The only exception was heavy snow, which had the highest frequency in mountainous and high-
altitude areas (Fig. 6). Additionally, the greatest number of frost days was recorded in the mountainous areas of Shirkooh
(Fig. 9). The spatial distribution of extreme rain and heavy rain showed similar patterns, with both having their highest
frequency in mountainous regions; however, extreme rain events were less frequent than heavy rain events (Fig. 7 and
Fig. 8). The highest frequency of heat waves occurred in the southern and western regions of Yazd Province, while cold
waves exhibited a non-uniform distribution across the province (Fig. 10 and Fig. 12). The results also indicate that
temperature-related hazards have exhibited more significant trends compared to other hazards. Specifically, the number
of frost days and cold waves has decreased, while heat waves have increased, particularly in recent years, highlighting
the strong influence of global warming in Yazd Province (Fig. 11). Overall, the combined zoning of atmospheric hazards
indicates that the highest frequency was recorded at the synoptic station of Meybod, whereas the least hazardous areas
were associated with the stations in Herat, Abarkooh, and Mehriz (Fig. 13).

Discussion and Conclusion

Yazd Province, which has the lowest annual rainfall in Iran and an arid to hyper-arid climate, is among the most vulnerable
regions to climate change. It is highly exposed to various extreme weather events and climate-related hazards. Therefore,
understanding the spatial and temporal patterns of climate hazards is crucial. However, no comprehensive study has been
conducted on climatic hazards in Yazd Province, and previous research has only assessed certain hazards on a case-by-
case basis (10, 33). For instance, one study determined that the highest frequency of frost days among synoptic stations
in Yazd Province between 2005 and 2011 was recorded at Garizat station, while the lowest was observed at Aqda station
(10). Another study, using aerosol optical depth (AOD) data, indicated that the central and northern regions of Yazd
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Province are the most affected by dust storms (34). Additionally, research based on MODIS snow cover data revealed a
decreasing trend in snow-covered days in Shirkuh Mountain (35). A key distinction and advantage of the present study
over previous research is its utilization of the maximum possible number of stations, including all available synoptic,
climatological, and rain gauge stations, for analyzing each hazard. The findings of this study can assist policymakers and
crisis management planners in developing preventive measures to mitigate the impacts of climate-related disasters.
Furthermore, identifying the spatial and temporal distribution of extreme weather events and forecasting their future
occurrence will be crucial for devising adaptation strategies to cope with extreme climatic conditions.

Keywords: Extreme Events; Atmospheric Hazards; Global Warming; Interpolation
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Table 1. Studied Hazards and Methods for Calculating Their Frequency
row Hazard Method of calculating frequency
1 Dusty days Codes 06 to 09
2 Dust storms Codes 30 to 35
3 Thunderstorm Codes 92 to 99
4 Fog Codes 40 to 49
5 Heavy snow Codes 73 to 75
6 Heavy precipitation 90th percentile of daily precipitation
7 Extreme precipitation 95th percentile of daily precipitation
8 Frost Tmin < 0 °C from October to May
9 Heat waves Tmax > 95th percentile for 3 or more days from June to September
10 Heat waves Tmin < Sth percentile for 3 or more days from November to March
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Abstract

Medicinal and industrial plants are valuable sources of Iran's natural resources, which can play
an important role in the health of the society, employment and increase in exports if they are
scientifically recognized and properly exploited. The purpose of the present study is to investigate
the medicinal-industrial potential of the rangelands of Khaf County. The main method in this
research was based on searching for information in a direct way and collecting data in the form
of a local stockholder from Khaf rangelands. The sample size was determined using Cochran's
formula. In this way, 45 questionnaires were designed. In order to investigate the correlation
between social components and the level of awareness and educational programs, it was
investigated using Spearman's correlation coefficient. The awareness of the users regarding the
medicinal and industrial plants of the rangeland is high (47.8%) The level of interest of
stockholders to participate in training programs was moderate (30.4%) to high (63.0%). The
species identified in the rangelands of Khaf city belong to 21 families, and the most species belong
to the Lamiaceae family (19.15%). In general, 47 plant species were identified in the study area.
Among these species, Ferula ovina Boiss., Peganum harmala L., Ziziphora persica Bunge.,
Cuminum cyminum L., Thymus vulgaris L., Mentha pulegium L., Pistacia atlantica Desf subsp.
(cabulica (Stocks) Rech.f., Lavandula angustifolia Mill. and Rheum ribes L. are the most widely
used in Khaf rangeland among stockholders. In order to manage and generate income from
medicinal and industrial plants in the Khaf desert rangelands, it is recommended that
decision-making institutions provide the necessary support and cooperation with local
communities to develop the habitats of key species and provide basic infrastructure for
income generation and sustainable exploitation.
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Extended Abstract

Introduction

The use of medicinal plants has significantly expanded in developed countries, and a large portion of the global
population relies on these plants for health purposes. In Iran, medicinal and industrial plants represent valuable
natural resources that could substantially contribute to public health, employment, and export growth, provided
they are scientifically studied and properly utilized. A significant proportion of these plants are harvested from
natural rangelands. Rangeland by-products, such as medicinal, industrial, and edible plants, play a crucial role
in the livelihoods of local communities, providing supplemental income and food sources .Previous studies
have explored the indigenous knowledge surrounding plant use in various regions, such as northern Jordan (3)
and the semi-arid rangelands of northeastern Brazil (4). These studies investigated how local populations
utilize plant species to treat various ailments. Within Iran, researchers (16, 27, 26, 22, 30, 19, 9) have identified
and examined medicinal and industrial plants across different rangelands .Rangelands are also vital sources of
forage for livestock, contributing significantly to livestock production. Most of the feed required for the
country's light livestock is sourced from rangelands. However, in recent years, climatic changes and
fluctuations in rainfall have altered the availability of animal fodder, particularly in desert rangeland. This has
prompted local communities to increasingly rely on alternative rangeland products. Identifying these products
can help in planning sustainable exploitation and employment opportunities for local communities .Given the
importance of local knowledge and experience, the purpose of this study is to explore the medicinal and
industrial potential of the rangelands of Khaf County. The study focuses on local stakeholders’ perceptions,
awareness, and attitudes towards these valuable plants. The goal is to contribute to better rangelands
management practices while simultaneously improving the livelihoods of local communities.

Material and Methods

The main method employed in this research involved direct data collection from local stakeholders in the Khaf
rangelands. Since it was not feasible to assess all the ranches within the Khaf rangelands, expert opinion (Table
1) was used to select 9 representative ranches that covered different areas of the county in terms of spatial
distribution (Fig. 1). The sample size was determined using Cochran’s formula, resulting in the design of 45
guestionnaires .In addition to the surveys, collaborative interviews were conducted, and herbarium samples of
plants were collected and identified based on reliable botanical references. The reliability of the questionnaire
was assessed using Cronbach’s alpha, yielding a value of 0.77, which indicates satisfactory reliability.
Descriptive analysis of the data was performed using Excel and SPSS software. To examine the relationship
between social factors and the level of awareness and educational programs, Spearman’s correlation coefficient
was applied.

Results

The results revealed that the majority of stakeholders involved with medicinal and industrial plants in the Khaf
rangelands fall within the age group of 50 to 60 years (39.1%) (Fig. 2). Additionally, most of the participants
have received only primary education (58.7%) (Fig. 3), and the majority are primarily engaged in livestock
farming (Fig. 4). Stakeholders demonstrated a relatively high level of awareness regarding the medicinal and
industrial plants of the rangeland (47.8%). However, their understanding of how to generate income from these
plants was notably weaker (Table 2). Furthermore, the results indicated that the involvement of government
agencies in the education sector is limited (Fig. 5). In terms of interest in educational programs, stockholders
showed a moderate (30.4%) to high (63.0%) level of willingness to participate (Fig. 6). Stakeholders expressed
a strong interest in having training and awareness sessions organized for them (Fig. 7). Statistical analysis
revealed significant positive and negative associations between occupation and number of children with the
familiarity of stakeholders with medicinal and industrial plants at the 95% confidence level, respectively (Table
3). The species identified in the rangelands of Khaf belong to 21 plant families, with the Lamiaceae family
representing the largest proportion (19.15%). In general, 47 plant species were identified in the study area
(Appendix 1). Among these species, Ferula ovina Boiss., Peganum harmala L., Ziziphora persica Bunge.,
Cuminum cyminum L., Thymus vulgaris L., Mentha pulegium L., Pistacia atlantica Desf subsp. cabulica
(Stocks) Rech.f., Lavandula angustifolia Mill. and Rheum ribes L. are the most widely used in Khaf rangeland
among stockholders (Table 4).

Discussion and Conclusion


https://www.gbif.org/species/3637104
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To effectively manage and generate income from medicinal and industrial plants in the Khaf desert rangelands,
it is recommended that decision-making institutions collaborate with local communities. This collaboration
should focus on developing habitats for key plant species and providing the necessary infrastructure to support
sustainable income generation and exploitation of these resources.

Keywords: Lamiaceae; questionnaires; Stockholders; key species; Sustainable exploitation
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Table 1. Ranch studied in Khaf County

Number Ranch studied Number Ranch studied
1 Nahour 6 Mehrabad
2 Chahzoul 7 Ghayender
3 Majnabad 8 Chahardeh
4 Bonyabad 9 Razdab
5 Baghbakhshi

Table 2. Frequency distribution of the awareness index in the field of medicinal and industrial plants

Percentage Frequency

Number Awareness Index
very low low moderate  high  very high
1 level of familiarity of the stockholder 0 0 37.0 47.8 15.2
2 Awareness of ways to generate income 6.5 435 413 8.7 0
3 Awareness of the correct collection method 0 19.6 45.7 34.8 0
4 Awareness of correct season of exploitation 0 21.7 28.3 47.8 2.2
5 Awareness of Collecting, drying and packing methods 0 15.2 45.7 37.1 0
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Table 3. Correlation study of social components and level of awareness and educational programs
Level of familiarity Level of familiarity Level of familiarity Level of interestin Level of interestin

Social Components with medicinal and with ways to with collection participating in transferring
industrial plants generate income methods training classes experiences to others
Age -0.135 -0.03 -0.016 0.277 0.303"
Education 0.126 0.11 0.156 -0.215 -0.14
Job 0.339" 0.155 0.191 -0.15 -0.117
Number of children -0.322" 0.009 0.005 0.281 0.254

Table 4. Indicator plants found in the studied ranch in the rangelands of Khaf County.

Number Ranch studied Indicator plants
1 Nahour Ferula ovina
2 Chahzoul Ferula ovina and Peganum harmala
3 Majnabad Ferula ovina, Ziziphora persica and Peganum harmala
4 Bonyabad Ferula ovina and Cuminum cyminum
5 Baghbakhshi Ferula ovina and Peganum harmala
6 Mehrabad Thymus vulgaris, Mentha pulegium and Pistacia atlantica
7 Ghayender Thymus vulgaris, Lavandula angustifolia and Rheum ribes
8 Chahardeh Thymus vulgaris and Mentha pulegium
9 Razdab Thymus vulgaris, Lavandula angustifolia, Rheum ribes and Pistacia atlantica
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Appendix 1

Information about the plants studied in Khaf rangelands

Number Genus and species Family Cases of use The organ used Distribution
1  Ferulaovina Boiss. Apiaceae Gastrointestinal antiseptic ~ Stem and leaves Plains of Paein Khaf
2 Ferula assa- foetida L. Apiaceae Antiparasitic Gum Khaf Mountains

Anti-flatulence, stomach and

3 Cuminum cyminum L. Apiaceae I - Fruit Kybar Mountains
iver tonic
Heracleum persicum Desf.ex . Stomach tonic and Flowers and Mountains of Soukhteh
4 - Apiaceae .
Fischer antiflatulent leaves Fayender

Pistacia atlantica Desf subsp. Strengthening the nerves and Kybar Mountains and

Anacardiaceae Fruit and gum

(cabulica (Stocks) Rech.f.) sexual power Bala Khaf
6  Achillea millefolium L. Asteraceae  revention of bleedingand - Aerial parts and ¢ b1 and fields
infection flowers
L - Antipyretic and chills and . .
7 Anthemis tinctoria L. Asteraceae strengthens the nerves flowers Plains of Paein Khaf
8  Silybum marianum (L.) Gaertn.  Asteraceae Treating liver and kidney  Leaves, stems Khaf plains

diseases and seeds

9 Arctium lappa L. Asteraceae Treatment of the stomach ~ Flowers, leaves Fayender Laj of

and kidneys and roots Mountains
10  Gundelia tournefortii L. Asteraceae Antiseptic and appetizing  Fruit and leaves Bakherz Mountains
11 Artemisia absinthium L. Asteraceae sDtiZiranth;ﬁ?rtlsrr]grves ,I&iarl;ﬁspzr;?s Khaf Mountains
12 ,(ASCI(\)/ES/? era paradoxa Fisch. & C. Asteraceae Blood sugar reducer Leaves and roots Khaf Mountains
13 Echium amoenum Fisch. ex Mey Boraginaceae Sedative ::eI:\\lfzgrs and Fayender Mountains
14  Descuraina sophia (L.) Schur. Brassicaceae Eﬁ?ﬁz;;?]getﬁ::f (\]ljl;ni?]t;; Seed Fields and gardens
15 Cardaria draba (L.) Desv. Cruciferae Hematopoietic leaves Fields and gardens
16  Capparis spinosa L. Capparaceae  Diabetes treatment Fruit Khaf plains
17  Cannabis sativa L. Cannabaceae  Memory enhancement Fruit and leaves Khaf plains and fields
18  Seidlitzia rosmarinus Boiss. ChenopodiaceaeBleach Ig:r?g/ses, stems, Khaf plains
19  Chenopodium botrys L. Chenopodiaceae Antiparasitic ki?;ﬁ%i??s Khargerd Mountains
20  Convolvulus arvensis L. Convolvulaceae ﬁm?ltz;%:?;:gr;rgr:d anti-cough Flower and seed Khaf plains
21  Cuscuta epithymum Murr. Convolvulaceae Anti-headache and joint Flowers, leaves Khaf plains

pains and stems
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Number Genus and species

Family

Cases of use

The organ used Distribution

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Citrullus colocynthis L.

Solanum nigrum L.

Glycyrrhiza glabra L.

Alhagi camelorum Fisch

Smirnovia iranica Sabeti

Trigonella grandiflora Boiss.

Astragalus gossypinus Fisher.

Mentha pulegium L.

Thymus vulgaris L.

Mentha arvensis L.

Ziziphora persica Bunge.

Dracocephalum moldavica L.

Lavandula angustifolia Mill.

Teucrium polium L.

Hyssopus Officinalis L.

Hypericum perfratum L.

Malva Silvestris L.

Fumaria officinalis L.

Plantago major L.

Portulaca oleracea L.

Rheum ribes L.

Cucurbitaceae

Solanaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Fabaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Lamiaceae

Malvaceae

Papaveraceae

Plantaginaceae

Portulacaceae

Polygonaceae

Cotoneaster numularioides Pojark Rosaceae

Reduces sugar, fat and blood Fr

pressure
common cold and infection

Anti-inflammatory, stomach
strengthening

Removal of kidney and
bladder stones

Remove heartache

Anti-infective

Strengthens hair and
antiseptic

Appetizing

Antitussive and anti-
inflammatory

Strengthening the nerves

Stomach tonic and lung
antiseptic

Nerves and strengthening the Leaves, flowers

heart

Antispasmodic, antiflatulent

Anti-headache,
anticonvulsant

Anti throat infection and
treatment of sinusitis

Anthelmintic stomach and
intestines

Calming, eliminating
stomach movements

Blood purification, appetite
suppressant and antipyretic

Disinfectant

Bile reliever and reducing
thirst

Cardiotonic and
antidepressant

Antipyretic and cooling

uit Paein Khaf Plains

Fruit Fields

Root Khaf Mountains

Stem, leaf and

Khaf plains
gum
Leaves and Khajeh Yar, Tengel and
flowers Khargerd Mountains
Fruit Khaf plains

um Maedan and Khargerd

g Mountains
Leaf ar_ld Khaf Mountains
flowering branch
Flowers,
branches and Khaf Mountains
leaves
Leaf and

flowering branch Khaf Mountains

leaves Khaf plains

Fayender and Bakherz

and branches Mountains

::Iowers and Fayender Mountains

eaves

Aerial parts Khajeh Yar Mountains
Khargerd and Balakhaf

Flowers

Mountains

Flower and leaf Barabad Mountains

Flower Fields and open land

Stem and leaves Fields and open land

Leaves, roots and _.
Fields and gardens

seeds

Leaves, stems

and flowers Fields and gardens

Stem Fayender Mountains

The mountains of Bala

Fruit and gum Khaf and Maedan
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Number Genus and species Family Cases of use The organ used Distribution
44 Rosa damascene Mill. Rosaceae Sedative and antidepressant flowers Fields and gardens
45  Amygdalus communis L. Rosaceae Breast conditioner Fruit and leaves Khargerd Mountains
46  Peganum harmala L. Zygophyllaceae Disinfectant Seed Khaf plains
47  Tribulus terrestris L. Zygophyllaceae Treating diabetes and Fruit, leaves and Bala Khaf Plains

strengthening sexual powers seeds
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Abstract

Desertification is a complex process of land degradation that results in significant natural and
environmental damage, ultimately leading to ecosystem destruction. In the present context, effectively
managing, controlling, reducing, and reversing desertification—alongside conducting a quantitative
evaluation of its impacts—is essential. This study aimed to assess the effectiveness of desertification
mitigation projects in achieving the United Nations Sustainable Development Goals (SDGs) in Eastern
Iran, focusing specifically on Gonabad County in Khorasan Razavi Province. Key indicators were
evaluated across three dimensions: social (participation rate, migration, and education), economic
(income, investment, and employment), and environmental (vegetation cover and dust storms). Data
collection was conducted using a 51-item questionnaire and in-depth interviews. Environmental
indicators were analyzed using satellite imagery. The study’s sample included 107 participants,
comprising local residents, facilitators, stakeholders, managers, and executive experts. Statistical
analyses, including T-tests and Friedman tests, were employed to analyze the data. The results revealed
that the desertification project had a moderate impact on the selected indicators in the study area. In the
social dimension, participation and migration indicators demonstrated significant improvements, with
mean scores of 3.36 and 3.38, respectively (p < 0.05). In the economic dimension, the income indicator
showed an increase, with a mean score of 3.38; however, the investment index did not exhibit
significant change. Additionally, job creation scored lower than anticipated, with an average of 2.84. In
the environmental dimension, satellite image analysis revealed an increase in the average vegetation
cover index from 0.0837 in 2013 to 0.1261 in 2023, alongside a 4% reduction in the frequency of dust
storms (from 47.18% to 43.01%). Public participation, with an average rank of 6.60, emerged as the
most influential factor contributing to the success of the desertification project. To enhance the
effectiveness of future desertification mitigation efforts, it is recommended to strengthen local
participation, increase investment, and place greater emphasis on socio-economic dimensions.
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Extended Abstract

Introduction

Desertification is a significant global challenge that presents serious socio-economic, cultural, and
environmental issues (4, 5, 42). To mitigate these impacts, targeted desertification management projects are
often implemented. Given the inherent complexity of natural ecosystems—particularly in arid and semi-arid
regions—the effectiveness of these projects should be assessed based on their outcomes and the factors
influencing them (18). Project evaluation is essential for determining the future direction of desertification
management efforts (20). While scientific reports primarily attribute desertification to natural factors (4),
human activities such as population growth, vegetation degradation, and unsustainable consumption patterns
are key drivers of its expansion. Consequently, effective management programs aimed at controlling and
reducing the impacts of desertification require sustained initiatives that align with the principles of sustainable
development (4, 38). Evaluating these projects can offer practical insights for better planning and facilitate the
monitoring of socio-economic indicators over time. Additionally, project evaluations can provide potential
solutions for improving local livelihoods and fostering green entrepreneurship. Therefore, this research aims
to evaluate the effectiveness of desertification projects by building on previous studies and utilizing a
comprehensive set of indicators—social development, economic development, and environmental
indicators—that have not been extensively applied in earlier research. The study emphasizes aligning these
evaluations with the United Nations Sustainable Development Goals (SDGs) while identifying various factors
contributing to desertification. This research aims to provide actionable recommendations for enhancing the
success of future desertification control efforts and promoting sustainable land management practices.

Material and Methods

The statistical population of this study comprised 107 users from Gonabad County, located in eastern Iran.
Indicators were selected based on the Sustainable Development Goals (SDGs). To prioritize these indicators
and compare the mean scores across groups, the Friedman non-parametric test—comparable to analysis of
variance (ANOVA)—was employed. The skewness coefficient method was used to assess the normality of the
data distribution. A one-sample t-test was conducted to evaluate the project's impact on the selected indicators
(24, 33), comparing the sample mean (x) to the population mean (i) under the assumption of normal
distribution. Kendall’s coefficient of concordance was applied to assess the consistency of indicator rankings
(16, 17). For environmental indicators, two indices—the Normalized Difference Vegetation Index (NDVI) and
dust cover—were derived from Landsat 5, Landsat 8, and MODIS imagery.

Results

The findings revealed that, overall, the desertification control project implemented in the study area did not
produce positive outcomes. Although most respondents recognized the necessity of such initiatives, they also
reported that these projects had adverse effects on their socio-economic conditions and livelihoods. The
participation index, which received the highest score, indicated that the project fostered greater public
involvement in the region and contributed to reducing migration rates. Notably, enhancing the use of ecosystem
services through scientifically grounded approaches can help mitigate ecosystem disadvantages and further
decrease migration. As presented in Table 8, significant differences were observed among the study
components, with the significance level from the Friedman test exceeding 0.05, indicating disparities among
these components. Furthermore, based on the results of the Friedman test and the prioritization of components,
"participation” emerged as the most critical factor in the study, with other factors ranked accordingly. Satellite
imagery analysis from 2003 to 2013 revealed an increase in vegetation cover. Additionally, the analysis of
dust trends showed a 4% reduction in dust levels over the same period, suggesting an improvement in the
environmental index.

Discussion and Conclusion

This study assesses the Sustainable Development Goals (SDGs) as an effective framework for the sustainable
management of natural resources and the improvement of local community livelihoods. Despite notable
progress, significant challenges persist in achieving comprehensive sustainability, particularly concerning
environmental, economic, and social dimensions. Attaining positive project outcomes requires meticulous
planning, appropriate resource allocation, and active participation from local communities. Strengthening
inter-sectoral investments, providing targeted training, building local capacities, and continuously monitoring
project outcomes can enhance the likelihood of success and facilitate the achievement of the SDGs. Several
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factors contribute to the effectiveness of desertification control projects, with socio-economic considerations
and stakeholder participation playing particularly critical roles. Conversely, management programs that
neglect socio-economic factors are unlikely to achieve their intended outcomes and may exacerbate negative
effects. Identifying key indicators is essential for effectively allocating resources and funding. This study
aimed to identify the principal factors influencing desertification to develop effective strategies for desert
management and combat desertification in the region. By evaluating desertification initiatives—particularly
the long-standing Gonabad Desertification Project—this research seeks to offer solutions for improving local
livelihoods and addressing the region’s pressing challenges. The findings offer valuable insights into the
potential effectiveness of management programs in areas where such initiatives could be implemented. Results
indicated that the desertification project in the study area did not lead to a reduction in unemployment, nor did
it foster improvements in employment rates or investment. However, the project had a positive impact on
community participation, reduced migration to urban areas, and increased income from rural employment,
particularly in agriculture and animal husbandry, contributing to positive socio-economic changes in the
region.

Keywords: Environmental indices; Land degradation; Monitoring; Management strategies

650000 700000
' 1

—~,

3850000

Iran

(]
L) Noods h
Bimargh RO

3800000

r Legend
'g 0 5 10 20 30 40 w =
= Abadi T e Kilometers

4= Gonabad County + + s F

Khorasan Razavi

=3
=3
=3
=3
B
=
153

Fig 1. Geographical location of the study area
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Fig 5. Dust storm frequency from 2013 to 2023
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Table 1. Selected indicators for project evaluation in the research study

Sustainable Development Goals

Criteria Index (SDGs)
Participation Goal 17
Social Education Goal 4
Migration Goal 11 and 16
Investment Goal 8 and 9
Economical Income Goal 8
Employment Goal 8
Environmental Vegetation Goal 15
Dust Goal 13

Table2. Approved and implemented desertification projects in Gonabad County, 2019-2022

Type of operation Area and amount 2019-2020 2020-2021 2021-2022
. Area (Hectare 225 100 100
Afforestation Amotfnt (Miui)on Rials) 8325 3700 6700
Run-off management Area (Hectare) 450 300 530
Amount (Million Rials) 3150 3090 8047
Construction of non- Area (Hectare) 5 50 0
living windbreaks Amount (Million Rials) 850 10000 0
Management of hand- Area (Hectare) 380 200 350
made forests Amount (Million Rials) 2280 2750 4375
Annual irrigation Area (Hecta_re) ) 0 225 325
Amount (Million Rials) 0 5925 6500
Protection Area (Hecta_re_) ) 1375 400 1300
Amount (Million Rials) 275 144 650
Sediment trap Area (Hecta_re) ) 15 44 0
Amount (Million Rials) 600 5000 0
Grazing management Area (Hecta_re) ) 230 0 0
Amount (Million Rials) 5175 0 0
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Table 3. Descriptive indicators of the research variables and their components

Parameter Mean CV Skewness kurtosis Minimum Maximum
Employment 2.84 0.31 0.00 -0.56 2.13 3.38
Investment 291 0.35 -0.13 -1.38 2.25 3.38
Income 3.38 0.32 0.48 -1.13 3.00 4.00
Education 2.71 0.27 0.66 0.53 2.17 3.50
Migration 3.38 0.21 0.26 -1.12 3.00 3.71
Participation 3.63 0.30 -0.42 -1.00 3.00 4.00

Table 4. Statistical parameters illustrate the overall impacts of the desertification control project

Parameter Mean CV Parameter t DF P-Value Outcome
Employment 2.84 0.31 11.8 106 0.00 More than average
Investment 291 0.35 12.29 106 0.00 More than average
Income 3.38 0.32 28.63 106 0.00 More than average
Education 271 0.27 8.00 106 0.00 More than average
Migration 3.38 0.21 43.69 106 0.00 More than average
Participation 3.63 0.30 39.35 106 0.00 More than average

Table 5. Kendall’s coefficient of concordance
Number Kendall’s coefficient Chi-square DF p-value
107 0.272 201.663 106 0.000

Table 6. Results of the comparison of mean components with the value 2.5 using the t-test

Parameter Mean Mean difference and 2.5 Minimum Maximum Outcome
Employment 2.84 0.34 0.28 0.40 More than average
Investment 291 0.41 0.34 0.48 More than average
Income 3.38 0.88 0.82 0.94 More than average
Education 271 0.83 0.84 0.91 More than average
Migration 3.38 1.13 1.07 1.18 More than average
Participation 3.63 0.34 0.28 0.40 More than average

Table 7. Friedman test results for prioritizing the parameters
Number Chi-square DF p-value
107 512.778 6 0.000

Table 8. Results of Friedman's preference analysis in the research using the Friedman test

Parameter Number Mean CVv Minimum Maximum Mean rank Priority
Employment 107 2.8353 0.31314 2.13 3.38 3.10 5
Investment 107 2.9100 0.34503 2.25 3.38 3.62 4
Income 107 3.3832 0.31905 3.00 4.00 5.33 3
Education 107 2.7056 0.26755 2.17 3.50 2.82 6
Migration 107 2.3712 0.20474 3.00 371 5.54 2
Participation 107 2.6248 0.29206 3.00 4.00 6.60 1

Table 9. The mean value of vegetation covers from 2013 to 2023

Value of vegetation index (NDVI) Year Value of vegetation index (NDV1) Year
0.0837 2013 0.0909 2019
0.0757 2014 0.1016 2020
0.0799 2015 0.1082 2021
0.0706 2016 0.1109 2022
0.0784 2017 0.1261 2023

0.0746 2018
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Abstract

Precipitation and temperature are critical indicators for assessing the effects of climate change.
Climate change, through alterations in precipitation and temperature patterns, significantly
impacts the water cycle and hydrological characteristics of watersheds. In this study, the effects
of climate change on temperature and precipitation in the Kardeh Dam Basin were investigated
using the CMIP6 series model under three scenarios: optimistic SSP126, intermediate SSP245,
and pessimistic SSP585. The study covers the future period from 2021 to 2035, compared to the
base period from 1992 to 2014, with downscaling performed using the SDSM model. The results

from the SDSM maodel indicate that, in the future, the greatest increase in precipitation will occur
in March during the winter season across all scenarios, while the lowest precipitation will be
observed in June, July, August, and September during the spring and summer seasons. Regarding
temperature, the highest increase in minimum temperature at the Kardeh Dam and Marshak
stations will occur in January during the winter season, while the highest increase in maximum
temperature will be observed in July during the summer season. Additionally, the results of the

Mann-Kendall test showed that, in the studied scenarios, the values for precipitation, as well as
minimum and maximum temperatures, either showed no trend or exhibited fluctuations. The only
exceptions were the precipitation values at the Ghosh Bala station in the SSP126 scenario, which
exhibited a significant negative trend, and the maximum temperature values at the Kardeh Dam
station in the SSP585 scenario, which showed a significant positive trend. Overall, in all scenarios,
temperatures are expected to rise in the future period compared to the base period, while

precipitation will either increase or decrease depending on the specific month, season, and the
mountainous nature of the Kardeh Dam Basin.
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Extended Abstract

Introduction

Precipitation and temperature are the most important physical variables in climate (20, 24) that determine the
climatic conditions of a region. Climate change, by altering precipitation and temperature patterns, has significant
effects on the water cycle and hydrological characteristics of watersheds, potentially posing a major threat to
global water resources. It can also impact water supply, increasing the risks of droughts and floods (18, 19, 20).
General Circulation Models (GCMs) are mathematical models that simulate the Earth's climate system. They
show that increasing greenhouse gas concentrations will have substantial consequences for climate at both global
and regional scales (21). The Coupled Model Intercomparison Project (CMIP6), a major initiative within global
climate change studies conducted by the IPCC, aims to provide valuable information to policymakers and
researchers. Initiated in 2014, CMIP6 was designed to address gaps left by CMIP5 and tackle emerging
challenges in climate modeling (4). Unlike previous models, CMIP6 integrates Shared Socioeconomic Pathways
(SSPs) to account for social, economic, and technological factors that can influence emissions, thereby offering
a more accurate understanding of future climate scenarios. A climate scenario is a simplified representation of
future climate based on known climate relationships, designed to explore the potential consequences of human-
induced climate change (25). Since the outputs from general circulation models are on a global scale, they cannot
directly be applied to local or regional studies. To address this, statistical downscaling techniques are used to
translate the large-scale data from CMIP6 models into region-specific temperature and precipitation projections,
employing models like SDSM. Given that studies on future changes in precipitation and temperature patterns in
the Kardeh Dam Basin using the latest climate models from the IPCC have not been conducted, this research can
offer valuable insights. By predicting future trends in temperature and precipitation, it will assist in water
resources management and support farmers in optimizing cultivation patterns. Informed decisions based on these
predictions can help mitigate the risks of climate-related losses, allowing for sustainable agricultural practices
that align with regional climate conditions.

Material and Methods

The Kardeh Dam basin, with an area of approximately 550 square kilometers, is located in northeastern Iran,
spanning the longitude range of 59°10' to 59°40' East and the latitude range of 36°35' to 36°59' North (Fig. 1).
The basin hosts four rain gauge stations: Al, Balqur, Gosh Bala, and Jong, as well as two evaporation
measurement stations: Kardeh Dam and Marshak. For this study, precipitation and temperature data from these
stations over a common statistical period from 1992 to 2020 were utilized to analyze climate change and future
trends (Table 1). The study used the CMIP6 Global Climate Model to statistically downscale precipitation and
temperature data using the Statistical Downscaling Model (SDSM). Initially, the observed data from the base
period were entered as dependent variables, while NCEP data were used as independent variables in the SDSM
model. After data quality control during the screening stage, the 26 NCEP predictor variables (Table 2) were
assessed for their correlation with meteorological parameters. The variables with the highest correlations were
selected and included in the regression equation for the SDSM model. Following predictor selection, calibration
and validation of the observed data and NCEP predictor data were carried out. After evaluating model accuracy
for the base period (1992-2014), climate parameters of temperature and precipitation were projected for the
future period of 2021-2035 under three scenarios: optimistic SSP126, intermediate SSP245, and pessimistic
SSP585, based on the CMIP6 model outputs. The Mann-Kendall test was employed to detect fluctuations and
trends in the time series data of precipitation, rainy days, and maximum and minimum temperatures.

Results

After preparing the data, among the 26 predictor variables, the "prcp” (precipitation) and "temp" (temperature)
variables showed a higher correlation with the climatic variables of temperature and precipitation (Table 3). After
selecting the best predictors, the observed and simulated data for the base period were compared, and the results
are presented in Fig. 2 and 3. The model performance evaluation results are summarized in Table 4. The results
from implementing the SDSM model indicate that, in the future years, the highest increase in precipitation across
the studied scenarios is expected in March, during the winter season, while the lowest precipitation will occur in
the months of June, July, August, and September, during the spring and summer seasons. Additionally, the
highest increase in minimum temperature at Kardeh Dam and Marshak stations will occur in January during the
winter season, while the greatest increase in maximum temperature is expected in July during the summer season
(Fig. 4 and 5, and Table 5). The Mann-Kendall test results also revealed that, in the studied scenarios, the values
of precipitation, minimum and maximum temperatures are either trendless or exhibit fluctuations. However, with
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the exception of the precipitation data from the Ghosh Bala station in the SSP126 scenario, which shows a
significant negative trend, and the maximum temperature data from the Kardeh Dam station in the SSP585
scenario, which demonstrates a significant positive trend (Table 6).

Discussion and Conclusion

In the current study, the trends and magnitude of changes in temperature and precipitation data for the Kardeh
Dam basin during the future period (2021-2035) were compared to the base period (1992-2014). According to
the results of the SDSM maodel, future projections indicate that the highest precipitation will occur during the
winter season, while the lowest precipitation will be observed in the spring and summer seasons. The highest
temperatures are also expected in the summer season. Given that the Kardeh Basin is located in a cold,
mountainous region with surrounding foothills, winter precipitation often occurs as snow and cold weather in the
highlands. As a result, the basin is expected to experience cold winters and hot summers. The temperature
increase is particularly notable in rocky areas. Based on the Mann-Kendall test results, the precipitation data from
the Gosh Bala station under the optimistic SSP126 scenario exhibited a significant negative trend at the 5%
significance level. Additionally, the maximum temperature data from the Kardeh Dam station under the
pessimistic SSP585 scenario demonstrated a significant positive trend at the 1% level. One of the primary factors
contributing to the temperature increase is the rise in greenhouse gas emissions driven by population growth and
industrial development. This increase in temperature, caused by the elevated concentration of greenhouse gases,
supports the notion of global warming resulting from human activities. Furthermore, since the Kardeh Dam
evaporation station is situated near the dam site, the water level in the reservoir behind the dam may also influence
the local temperature. This could potentially lead to higher temperatures in the summer and lower temperatures
in the winter.

Keywords: Climate variability; CMIP6; Emission scenario; Mann-Kendall test
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Fig 1. Location of the Kardeh Dam basin and meteorological stations in Razavi Khorasan Province, Iran
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Table 1. Characteristics of the studied stations in the Kardeh dam basin

Station name Longitude (m) Latitude (m) Altitude (m) Station type
Al 738162 4066787 1452
Balqur 731876 4080380 1920 Rain gauge
Gosh Bala 728919 4066633 1561
Jong 731133 4073498 1673
Kardeh Dam 740695 4056093 1265
Evaporometry
Marshak 727059 4077157 1818
Table 2. List of NCEP variables
Row Variable Row Variable
1 Mean sea level pressure (mslp) 14 500 hPa Divergence of true wind (p5zh)
2 1000 hPa Wind speed (p1-f) 15 850 hPa Wind Speed (p8-f)
3 1000 hPa Zonal wind component (p1-u) 16 850 hPa Zonal wind component (p8-u)
4 1000 hPa Meridional wind component (p1-v) 17 850 hPa Meridional wind component (p8-v)
5 1000 hPa Relative vorticity of true wind (p1-z) 18 850 hPa Relative vorticity of true wind (p8-z)
6 1000 hPa Wind direction (p1th) 19 850 hPa Geopotential (p850)
7 1000 hPa Divergence of true wind (p1zh) 20 850 hPa Wind direction (p8th)
8 500 hPa Wind speed (p5-f) 21 850 hPa Divergence of true wind (p8zh)
9 500 hPa Zonal wind component (p5-u) 22 Total precipitation (prcp)
10 500 hPa Meridional wind component (p5-v) 23 500 hPa Specific humidity (s500)
11 500 hPa Relative vorticity of true wind (p5-z) 24 850 hPa Specific humidity (s8500)
12 500 hPa Geopotential (p500) 25 1000 hPa Specific humidity (shum)
13 500 hPa Wind direction (p5th) 26 Air temperature at 2m (temp)
Table 3. Predictor variables in the SDSM model
Correlation Coefficient Predictor Variable Predicted Variable Station
Al prcp 0.22
Balqur L prcp 0.16
Gosh Bala Precipitation prcp 0.22
Jong prep 0.19
Minimum Temperature temp 0.95
Kardeh Dam .
Maximum Temperature temp 0.94
Marshak Mini_mum Temperature temp 0.95
Maximum Temperature temp 0.95
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Table 4. SDSM model evaluation criteria

Station Parameter R RMSE MSE

Al 23.87 4.89 0.98
Balqur Precipitation 8.16 2.86 0.99
Gosh Bala 4.90 2.21 1.00
Jong 3.72 1.93 1.00
Minimum Temperature 0.001 0.036 1.00

Kardeh Dam Q"ean’q‘g:;n re 0.004 0.064 1.00
Minimum Temperature 0.010 0.102 1.00

Marshak Q"em”;énre 0.001 0.025 1.00

Table 5. Comparison of changes in average precipitation, maximum, and minimum temperatures between the
base period and the future period

. 2021-2035
Station Parameter 1992-2014 SSP126 SSP245 SSP585

Al 31.07 37.55 33.56 35.36
Balqur L 31.76 33.21 35.16 35.17
Gosh Bala Precipitation (mm) 34.01 37.93 37.28 37.40
Jong 32.79 37.25 34.61 35.61
Kardeh Dam Minimum Temperature (°c) 5.23 5.93 5.91 5.77

Maximum Temperature (°c) 19.81 20.79 20.81 20.91
Marshak Minimum Temperature (°c) 4.95 4.86 4.87 4.77

Maximum Temperature (°c) 16.42 17.06 17.05 17.01

Table 6. Z-statistic values from the Mann-Kendall test for trend analysis of annual climate data in the base and future periods.

. 2021-2035
Station Parameter 1992-2014 SSP126 SSP245 SSP585

Al -2.11* 0 0.2 -0.59
Balqur Precioitati -2.96** -0.79 0.59 -1.39
Gosh Bala recipitation -1.95 -1.98* 0.59- 0.1
Jong -0.58 0.4 -0.99 -0.69
Kardeh Dam Minimum Temperature -2.48* -0.1 -0.4 0.89

Maximum Temperature 1.74 0.69 1.37 2.87**
Marshak Minimum Temperature 2.48* -0.59 0.4 0.4

Maximum Temperature 3.06** 0.2 0 0

*and** significance level of 5% and 1% respectively.
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Abstract

In recent years, flood-spreading systems have emerged as one of the most effective methods for
land utilization in arid and semi-arid regions. These systems operate by directing excess water
from rivers or reservoirs onto agricultural land, facilitating soil infiltration. This practice not only
enhances soil moisture and improves crop yields but also mitigates flood-related hazards, raises
groundwater levels, and rehabilitates degraded lands. The present study aimed to assess the impact
of flood spreading on biological indicators specifically, species diversity, composition, richness,
and uniformity to support vegetation restoration and land improvement in the arid and desert
region of Garbaygan, Fasa. This research was conducted in the Bisheh-Zard 1 flood-spreading
network and a control plot (without flood spreading). Biological indicators (diversity, richness,
uniformity, density, and species composition) were evaluated using a random-systematic
sampling method along seven 150m transects. Six transects were placed within the Bisheh-Zard
1 flood-spreading network across six strips, while one transects was positioned in the control area.
In each transect, 15 sample units of 2m? were established at 10m intervals, yielding a total of 105
sample units collected in the spring of 2023. The biological types of species were classified
according to Raunkiaer’s system in both flooded and control areas. Species richness and diversity
were assessed using the Margalef and Menhinick indices, while the Shannon-Wiener and Simpson
indices were applied to measure diversity. Uniformity was determined using Hill’s index. PAST
software was utilized for the analysis of biological indices. The results revealed a statistically
significant difference (p<0.01) in biodiversity indices including species diversity, richness,
uniformity, density, and species composition between the strips within the Bisheh-Zard 1 flood-
spreading network and the control area. These findings highlight the positive impact of flood-
spreading systems on biodiversity and provide valuable insights for ecosystem management and
land restoration strategies in arid environments.
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Extended Abstract

Introduction

In recent years, flood-spreading systems have become one of the most effective methods for utilizing land in
arid and semi-arid regions. The operation of flood spreading not only mitigates its associated risks but also
raises the underground water table and contributes to the restoration and improvement of degraded lands.
Studying plant diversity from an ecological perspective is crucial, as preserving and enhancing species
diversity plays a fundamental role in achieving relative ecological stability when implementing biological
interventions. This research aimed to assess biological indicators including diversity, composition, species
richness, and uniformity resulting from flood spreading, with the goal of managing vegetation restoration and
improvement in the dry and desert region of Garbaygan, Fasa.

Material and Methods

The Kowsar Aquifer Management Research, Education, and Promotion Station is located in Gerbaygan, Fasa,
covering an area of 2,200 ha, with an altitude ranging from 1,120 to 1,160m above sea level (Fig. 1). The study
area has a dry climate, with an average annual rainfall of 211mm. The absolute maximum temperature reaches
46°C in July-August, while the absolute minimum drops to -6°C in February—March. The average annual
evaporation has been reported at 2,555mm (32). Garbaygan Plain is situated at the intersection of the Irano-
Turanian (plain region) and Gulf-Omani vegetation zones (21). This research was conducted in the Bisheh-
Zard 1 flood-spreading network and a control plot (without flood spreading). The difference in vegetation
status in the flood spreading area and the control area is visible (Fig. 2). Biological indicators including
diversity, richness, uniformity, density, and species composition were sampled using a random-systematic
method across seven 150m transects. Six transects were positioned within the Bisheh-Zard 1 flood-spreading
network, distributed across six strips, while one transects was placed in the control area. Within each transect,

15 sample units of 2m? were taken at 10m intervals, totaling 105 sample units collected in the spring of 2023.
The method of collecting field data within the sample unit (plot) in the study area is shown (Fig. 3). Satellite
image shows flood spreading networks at the Kowsar aquifer management station (Fig. 4). The biological
types of species were classified based on Raunkiaer's system in both the flooded and control areas. Species
richness and diversity were assessed using Margalef and Menhinick indices, while Shannon-Wiener and
Simpson indices were used to evaluate diversity. Uniformity was determined using Hill’s index. PAST
software was used to calculate the biological indices.

Results

The descriptive analysis of the research data indicated that, in terms of plant longevity within the flood-
spreading area, out of 154 identified species, 117 species (76%) were annuals, while 37 species (24%) were
perennials. In contrast, within the control area, 45 species were identified, of which 19 species (42%) were
annuals and 26 species (58%) were perennials (Fig. 5). From a floristic perspective, a total of 38 plant families
and 154 species were collected and identified in the flood-spreading area (Appendix 1 Floristic Inventory of
Plant Species in the Study Area). Most of species there are belong to Asteraceae family with 36 species,
Poaceae family with 29 species, Papilionaceae family with 22 species, Brassicaceae family with 6 species and
Apiaceae family with 6 species, that together 67.53% of the species belong to 5 plant families and (the rest 56
species) belong to 33 plant families respectively. While in the control area, a total of 16 families and 45 plant
species were collected and identified. Most of the species there are belong to Asteraceae family with 11 species,
Poaceae family with 10 species, Papilionaceae family with 7 species, Brassicaceae family with 7 species,
Apiaceae family with 3 species, Chenopodiaceae family with 3 species, Lamiaceae family with 2 species (Fig.
6). Status of Raunkiaer’s life forms and species present in vegetation in the flood spreading area and control
area (Fig. 7). In total, 36 species (80%) were distributed among six plant families, while the remaining 9 species
belonged to 9 different families. The statistical analysis of the research data revealed a significant difference
(at the 1% level) between the Bisheh-Zard flood-spreading network and the control area in terms of
biodiversity indices, including species diversity, richness, evenness, density, and species composition (Table
1). Furthermore, the results showed that in the flood-spreading area, biological indicators were measured as
follows: species diversity, based on Simpson’s index, was 1.95 compared to 0.56 in the control area; species
richness, using Margalef’s index, was 3.46 compared to 1.2 in the control area; species evenness, according to
Hill’s method, was 2.01 compared to 0.53 in the control area. Additionally, species density was 22.5 per square
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meter in the flood-spreading area compared to 5 in the control area, while the number of plant species per
square meter was 15 in the flood-spreading area and only 2 in the control area (Table 2).

Discussion and Conclusion

The findings validate a statistically significant difference (at the 1% level) in biodiversity indices specifically
diversity, richness, species uniformity, density, and species count—between the Bisheh Zard flood spreading
network and the control area (Table 1). These findings align with previous research on flooding and
biodiversity. Studies in the northern Pantanal, Brazil, reported increased abundance, richness, and plant
composition following floods. Similarly, research in southeast Queensland found that flooding enhanced
species diversity and richness in coastal habitats. In Zigoi, China, seasonal floods were shown to alter plant
biodiversity, supporting this study’s conclusions. Additionally, research in the Pantanal wetland of South
America confirmed that flooding promotes diversity, richness, and species composition. The results also
correspond with findings from Kiasar, Sari, where biodiversity indices including diversity, richness, and
uniformity were significantly higher in flood-affected areas compared to non-flooded controls.

In the flood spreading area, 154 plant species were identified, of which 117 (76%) were annual and 37 (24%)
were perennial. In contrast, the control area contained 45 species, with only 19 (42%) annuals and 26 (58%)
perennials. The higher frequency of annual species and therophytes in the flood spreading area may be due to
seed transport by sediments or livestock movement during floods. Flood spreading fosters unique habitat
conditions by enhancing soil moisture, organic matter, and nutrient availability, leading to improved
biodiversity indices. Even after 42 years, its positive effects on plant diversity in this region remain evident.
These findings offer valuable insights for conservation efforts, genetic resource preservation, and ecosystem
restoration strategies in similar environments.

Keywords: Biodiversity; Species richness; Species Uniformity; Garbaygan; Fasa

Fig 1. Location of grebayigan plain and kowsar watershed research station in iran, fars province, and fasa
county (34)
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’ Fig 2. igh image of the flood s'p‘r'éédlng area of Bisheh Zard 1 network and left image of the control area
(without flood spreading), year: 2023.

L AR

Fig 3. Vegetation data collection in the sample unit (plot) along the transect route in the flood spreading network
strips, year: 2023
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Fig 4. Satellite image Location of flood spreading networks and survey sites at the Kowsar aquifer management
Station (27)
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D

Fig S. Percentage of plant longevityin the flood spread area (A) and control area (B)
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Fig 6. Status of the percentage of plant families present in the vegetation of the flood spreading area (C) and the
control area (D)
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Fig 7. Status of Raunkiaer’s life forms and species present in vegetation in the flood spreading area (E) and
control area (F)

Table 1. Analysis of variance (ANOVA) of biodiversity indicators between flooded and control strips in the study area

Sources of Variation Sources of error  Degree of Freedom Sum of Squares  Mean of Squares F

Strips and Cotrol 6 44.5663 7.4277 9.85 **
Simpson species diversity Error 98 73.9360 0.7544

Total 104 118.5023

Strips and Cotrol 6 56.0893 9.3482 9.181 **
Shannon-Weiner species diversity  Error 98 93.3912 0.9530

Total 104 149.4805

Strips and Cotrol 6 93.586 15.598 14.12 **
Menchinic species richness Error 98 108.224 1.104

Total 104 201.810

Strips and Cotrol 6 114.920 19.153 10.33 **
Species richness of Margalef Error 98 181.727 1.854

Total 104 296.647
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Table 1. Continued.

Sources of Variation Sources of error  Degree of Freedom Sum of Squares  Mean of Squares F

Strips and Cotrol 6 55.5416 9.2569 13.11 **
Hill species uniformity Error 98 69.1984 0.7061

Total 104 124.7400

Strips and Cotrol 6 9510.000 1585.000 14.91 **
Species density Error 98 10418.000 106.300

Total 104 19928.000

Strips and Cotrol 6 5455.710 909.290 19.45 **
Number of plant species Error 98 4581.350 46.750

Total 104 10037.070

s Statistical difference at 1% level

Table 2. Comparison of mean biodiversity indices between flood spreading and control strips

. . . Species - Shannon- Simpson  Bisheh zard 1 flood
Number of Species Hill species ich f Menchinic Wei . . di K
lant species  density uniformity renness o species richness eIner species SPECIES spreading networ
P Margalef diversity diversity and cotrol

24.002 35.002 2.80% 4,502 3.70% 3.202 2.60% Strip 1
20.00% 29,0070 2.50% 4.20° 3.40% 2.80%0 2.40% Strip 2
18.00% 25.0020¢ 2.30 ¢ 3.80% 3.0020¢ 2.5020¢ 2.2080¢ Strip 3
12.00P¢ 18.00Pcd 1.70Pcd 3.10%® 2.40°cd 1.90Pcd 1.60°° Strip 4
9.00° 15.00%d€ 1.50%d 2.70°¢ 2.10%d 1.70%d 1.50P¢d Strip 5
7.00%d 13.00% 1.30% 2.50°¢ 1.80% 1.50%d 1.40¢4 Strip 6
2.00¢ 5.00° 053¢ 1.20° 0.74°8 0.95¢ 0.56% Control

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

Floristic Inventory of Plant Species in the Study Area

Row Genus and Species Family b:?)?ggr:lé;ﬁ;pl)is Longevity Life Form Peg?;gg;ty
1 Ixiolirion tataricum (Pall.) (Schult. & Schult. f.)  Amaryllidaceae Ge A F 1l
2 Pistacia khinjuk Stocks. Anacardiaceae Ph P S.T 1l
3 Anisosciadium orientale DC. Apiaceae Ge A F ]|
4 Dicyclophora persica Boiss. Apiaceae He A F 1
5 Ducrosia anetifolia (DC.) Boiss. Apiaceae He P F 1
6 Ferula szowitsiana DC. Apiaceae Cr A F 1
7 Psammogeton canescens (DC.) Vatke Apiaceae Th A F 1
8 Pycnocycla nodiflora Dence. Ex Boiss. Apiaceae Ch P F 1l
9 Achillea eriophora DC. Asteraceae He P F 1
10 Achillea wilhelmsii C. Koch. Asteraceae Ge P F 1
11 Anthemis persica Boiss. Asteraceae Th A F 1
12 Artemisia sieberi Besser. Asteraceae Ch P Sh I
13 Calendula persica C. A. Mey. Asteraceae Th A F I
14 Carthamus oxyacantha M. B. Asteraceae Cr A F 1l
15 Centaurea bruguieriana (DC.) Hand. Mzt. Asteraceae Th A F 1l
16 Centaurea intricate Boiss. Asteraceae Ch P Sh I
17 Centaurea virgata Lam. Asteraceae Th A F 11
18 Chardinia orientalis (L.) Kuntze. Asteraceae Th A F 1l
19 Chnicus benedictus L. Asteraceae Th A F I
20 Crepis kotschyanus (Boiss.) Boiss. Asteraceae Th A F I
21 Crupina crupinastrum (Moris) Vis. Asteraceae Th A F I
22 Echinops robustus Bunge. Asteraceae Cr P F 1l
23 Echinops sp. Asteraceae Cr P F 1
24 Filago desertorum Pomel. Asteraceae Th A F 1
25 Francoeuria undulata (L.) Lack Asteraceae Ch P F 1l
26 Gundelia tournefortii L. Asteraceae Ge P F 1l
27 Koelpinia macrantha C. Winckl. Asteraceae Th A F 1
28 Lactuca scarioloides Boiss. Asteraceae Ch A F 1
29 Lactuca undulata Ledeb. Asteraceae Ge A F 1
30 Launaea acanthodes (Boiss.) O. Kuntze Asteraceae Ge A F 1
31 Leontodon laciniatus (Bertol.) Widder ex Bornm. Asteraceae Th A F 1
32 Onopordon leptolepsis DC. Asteraceae He P F 1
33 Outreya carduiformis Jaub. & Spach. Asteraceae Ge A F 1
34 Pentanema divaricatum Cass. Asteraceae Th A F 1l
35 Picnomon acarna (L.) Cass. Asteraceae He A F 1
36 Picris strigosa M.B. Asteraceae Ch P F 1
37 Platychaete aucheri (Boiss.) Boiss. Asteraceae Ch P F 1
38 Reichardia orientalis (L.) Hochr. Asteraceae Th A F 1
39 Scariola orientalis (Boiss.) Sojak. Asteraceae Ch P Sh 1
40 Senecio glaucus L. Asteraceae He A F 1
41 Sonchus oleraceus L. Asteraceae Th A F I
42 Tragopogon sp. Asteraceae Ge A F 1
43 Zoegea crinita Boiss. Asteraceae Th A F 1
44 Zoegea purpurea Fresen. Asteraceae Th A F 1
45 Alyssum campestre L. Brasicaceae Th A F 1
46 Cardaria draba (L.) Desv. Brasicaceae Th A F 1
47 Carrichtera annua (L.) DC. Brasicaceae Th A F 1
48 Erucaria hispanica (Linn.) Druce Brasicaceae Th A F 1
49 Erysimum oleifolium J. Gay Brasicaceae Th A F 1
50 Leptaleum filifolium (Willd.) DC. Brasicaceae Th A F 11
51 Moricandia sinaica (Boiss.) Boiss. Brasicaceae Th A F 1
52 Arnebia decumbens (Vent.) Coss. & Kral Boraginaceae Th A F 1
53 Heliotropium lasiocarpum Fisch. & C.A. Mey.  Boraginaceae Ch P Sh 1
54 Onosma dichroanthum Boiss. Boraginaceae Ch A F 1
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Row Genus and Species Family bﬁ?ggr:lé;ﬁ;;s Longevity Life Form P%I:?;gg;ty
55 Capparis spinosa L. Capparidaceae Ch P Sh 1l
56 Acanthophyllum sp. Caryophyllaceae Ch P Sh 1l
57 Dianthus crinitus Rech.f. Caryophyllaceae Ch P F 1
58 Gymnocarpus decander Forssk. Caryophyllaceae Ch P Sh 1l
59 Minuartia meyeri (Boiss.) Bornm. Caryophyllaceae Th A F 1
60 Atriplex leucoclada Boiss. Chenopodiaceae Ch P Sh ]|
61 Cornulaca monacantha Delile. Chenopodiaceae Ch P Sh 1
62 Noaea mucronata (forssk.) Asch. & schweinf Chenopodiaceae Ch P Sh 1
63 Salsola rigida Pall. Chenopodiaceae Ch P Sh 1
64 Helianthemum ledifolium (L.) Miller Cistaceae Th A F 1
65 Helianthemum lippii (L.) Pers. Cistaceae Ch P F 1
66 Helianthemum salicifolium (L.). Miller. Cistaceae Th A F 1
67 Convolvulus oxyphyllus Boiss. Convolvulaceae Ch P Sh ]|
68 Citrullus colocynthis (L.) Schrad Cucurbitaceae Th A F ]|
69 Carex stenophylla Wahlenb. Cyperaceae Ge P G.L 1l
70 Scabisa olivieri Coult. Dipsacaceae Th A F I
71 Ephedra foliata Boiss. & Kotschy Ephedraceae Ph P S.T 1l
72 Euphorbia sp. Euphorbiaceae He P F 1l
73 Erodium cicutarium (L.) Lher. Geraniacaea Ge A F 1l
74 Hypericum perforatum L. Hypericaceae Ch P F 11
75 Salvia macrosiphon Bioss. Lamiaceae He A F 1l
76 Salvia sp. Lamiaceae He A F 1l
77 Teucrium polium L. Lamiaceae Cr P F I
78 Ziziphora tenuior L. Lamiaceae Th A F I
79 Allium sp. liliaceae Ge P F 1
80 Alcea Aucheri (Boiss) Alef. Malvaceae He P F 1l
81 Malva neglecta L. Malvaceae He A F 1l
82 Prosopis farcta (Banks & Soland.) Macbr. Mimosaceae Ch P Sh 1
83 Roemeria hybrida (L.) DC. Papaveraceae Th A F 1
84 Astragalus fasciculifolius Boiss. Papilionaceae Ch P Sh 1
85 Astragalus hamosus L. Papilionaceae Ch P F |
86 Astragalus obtusifolious DC. Papilionaceae Ch P Sh 1
87 Astragalus squarrosus Bunge. Papilionaceae Ch P Sh 1
88 Astragalus tribulifolius Benth. ex Bunge. Papilionaceae Ch P Sh 1
89 Ebenus stellata Boiss. Papilionaceae Ch P Sh 1
90 Ebenus sp. Papilionaceae Ch P Sh 1
91 Hippocrepis unisiliquosa L Papilionaceae Th A F 1
92 Hymenocarpus circinnatus (L.) Savi Papilionaceae Th A F 1
93 Medicago laciniata (L.) Miller Papilionaceae He A F |
94 Medicago polymoropha L Papilionaceae He A F |
95 Medicago radiata L. Papilionaceae He A F |
96 Medicago rigidula (L.) All. Papilionaceae He A F |
97 Onobrychis crista - galli (L.) Lam. Papilionaceae He A F 1
98 Onobrychis sp. Papilionaceae He A F |
99 Ononis sicula Guss. Papilionaceae Ch P Sh 1
100 Trigonella monantha C. A. Mey. Papilionaceae Th A F 1
101 Trigonella persica Boiss. Papilionaceae Th A F 1
102 Vicia monantha Retz Papilionaceae Th A F |
103 Vicia narbonensis L. Papilionaceae Th A F I
104 Vicia sativa L. Papilionaceae Ch P Sh 1
105 Plantago coronopus L. Plantaginaceae Ge A F 1
106 Plantago lanceolata L Plantaginaceae Ge A F 1
107 Plantago ovata Forssk. Plantaginaceae Ge A F 1
108 Plantago psyllum L Plantaginaceae Ge A F 1
109 Acantholimon festucaseum (Jaub. & Spach) Boiss. Plumbaginaceae Ch P Sh 1
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110 Aegilops triuncialis L. Poaceae Th A G 1
111 Avena fatua L. Poaceae Th A G 1
112 Boissiera squarrosa (Banks & Soland.) Nevski ~ Poaceae Th A G 1
113 Bromus danthoniae Trin. Poaceae Th A G 1
114 Bromus tectorum L. Poaceae Th A G I
115 Crithopsis delileana (Schultes) Roshev. Poaceae Th A G 1
116 Cymbopogon olivieri (Boiss.) Bor Poaceae Ge P G 1
117 Cynodon dactylon (L.) Pers. Poaceae Ge P G 1
118 Eremopoa sp. Poaceae Th A G 1
119 Eremopyrum bonaepartis (Spreng.) Neveski Poaceae Th A G 1
120 Eremopyrum sp. Poaceae Th A G 1
121 Hordeum marinum Huds. Poaceae Th A G 1
122 Hordeum sp. Poaceae Th A G 1
123 Hordeum spontaneum C. Koch Poaceae Ge A G 1
124 Pennisetum divisum (J.F. Gmel.) Poaceae Ge P G I
125 Pennisetum orientale L. C. Rich. Poaceae Ge P G I
126 Phalaris minor Retz Poaceae Th A G 1
127 Phleum sp. Poaceae Th A G 1
128 Poa bulbosa L. Poaceae Ge P G I
129 Poa sinaica Steud. Poaceae Cr P G I
130 Polypogon monspeliensis (L.) Desf. Poaceae Th A G I
131 Polypogon sp. Poaceae Th A G I
132 Schismus arabicus Nees Poaceae Th A G I
133 Stipa capensis Thunb. Poaceae Ge A G 1l
134 Stipa parviflora Desf. Poaceae Ge P G 1
135 Stipagrostis plumose (L.) Munro ex T. Anderson Poaceae Ge P G 1
136 Taeniatherum crinitum Nevski. Poaceae Th A G I
137 Tricholaena teneriffae (L. f.) Link Poaceae Ge P G 1
138 Vulpia persica (Boiss. & Buhse) Krecz. & Bobrov Poaceae Th P G 1
139 Vulpia sp. Poaceae Th A G 1
140 Polygonum sp. Polygonaceae Cr A F 1
141 Pteropyrum aucheri Jaub. & Spach. Polygonaceae Ph P Sh 1
142 Pteropyrum olivieri Jaub. & Spach Polygonaceae Ph P Sh 1
143 Anagallis arvensis L. Primulaceae Ge A F 1
144 Reseda aucheri Boiss. Resedaceae He A F 1l
145 Ziziphus nummularia (Burm. f.) Wight & Walk.  Rhamnaceae Ph P S.T 1
146 Amygdalus scoparia Spach. Rosaceae Ph P S.T 1
147 Haplophyllum tuberculatum (Forssk.) A. Juss. Rutaceae Ch P F 1
148 Populus euphratica Oliv. Salicaceae Ph P T 1
149 Verbascum farsistanicum (Murb.) Hub. Mor. Scruphulariaceae Cr P F 1
150 Lycium shawii Roemer & Schultes. Solanaceae Ph P S.T 1
151 Dendrostellera lessertii VVan Tiegh Thymelaeaceae Ch P Sh 1
152 Tribulus terrestris L. Zygophyllaceae Cr A F 1
153 Peganum harmala L. Zygophyllaceae He P F 1l
154 Zygophyllum atriplicoides Fisch. & C. A. Mey.  Zygophyllaceae Ph P S.T 1

A: Annual, P: Perennial, Sh: Shrub, F: Forb, G: Grass, G.L: Grass like, S.T: Small Tree, T: Tree Th: Therophyte, Ge: Geophyte, Ph:
Phanerophyte, Cr: Cryptophyte, He; Hemicryptophyte, Ch: Chamaephyte
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11 F A Ge Amaryllidaceae Ixiolirion tataricum (Pall.) (Schult. & Schult. f.) \
11 ST P Ph Anacardiaceae  Pistacia khinjuk Stocks. Y
11 F A Ge Apiaceae Anisosciadium orientale DC. Y
1 F A He Apiaceae Dicyclophora persica Boiss. ¥
1 F P He Apiaceae Ducrosia anetifolia (DC.) Boiss. o
1 F A Cr Apiaceae Ferula szowitsiana DC. 7
1 F A Th Apiaceae Psammogeton canescens (DC.) Vatke v
11 F P Ch Apiaceae Pycnocycla nodiflora Dence. Ex Boiss. A
1 F P He Asteraceae Achillea eriophora DC. 4
1 F P Ge Asteraceae Achillea wilhelmsii C. Koch. Ve
1 F A Th Asteraceae Anthemis persica Boiss. AR
1 Sh P Ch Asteraceae Artemisia sieberi Besser. 'Y
I F A Th Asteraceae Calendula persica C. A. Mey. ‘Y
11 F A Cr Asteraceae Carthamus oxyacantha M. B. V¥
11 F A Th Asteraceae Centaurea bruguieriana (DC.) Hand. Mzt. Vo
I Sh P Ch Asteraceae Centaurea intricate Boiss. \#
11 F A Th Asteraceae Centaurea virgata Lam. VY
11 F A Th Asteraceae Chardinia orientalis (L.) Kuntze. YA
1 F A Th Asteraceae Cnicus benedictus L. ‘a4
1 F A Th Asteraceae Crepis kotschyanus (Boiss.) Boiss. Yo
I F A Th Asteraceae Crupina crupinastrum (Moris) Vis. AR
11 F P Cr Asteraceae Echinops robustus Bunge. Yy
I F P Cr Asteraceae Echinops sp. Yy
I F A Th Asteraceae Filago desertorum Pomel. YY
11 F P Ch Asteraceae Francoeuria undulata (L.) Lack Yo
11 F P Ge Asteraceae Gundelia tournefortii L. Y7
1 F A Th Asteraceae Koelpinia macrantha C. WinckI. Yv
1 F A Ch Asteraceae Lactuca scarioloides Boiss. YA
I F A Ge Asteraceae Lactuca undulata Ledeb. Y4
11 F A Ge Asteraceae Launaea acanthodes (Boiss.) O. Kuntze Yo
11 F A Th Asteraceae Leontodon laciniatus (Bertol.) Widder ex Bornm. )
11 F P He Asteraceae Onopordon leptolepsis DC. vy
1 F A Ge Asteraceae Outreya carduiformis Jaub. & Spach. Yy
11 F A Th Asteraceae Pentanema divaricatum Cass. v¥
11 F A He Asteraceae Picnomon acarna (L.) Cass. Yo
1 F P Ch Asteraceae Picris strigosa M.B. A4
11 F P Ch Asteraceae Platychaete aucheri (Boiss.) Boiss. v
11 F A Th Asteraceae Reichardia orientalis (L.) Hochr. YA
I Sh P Ch Asteraceae Scariola orientalis (Boiss.) Sojak. v
I F A He Asteraceae Senecio glaucus L. Y.
1 F A Th Asteraceae Sonchus oleraceus L. AR
1 F A Ge Asteraceae Tragopogon sp. \A!
1 F A Th Asteraceae Zoegea crinita Boiss. Fy
1 F A Th Asteraceae Zoegea purpurea Fresen. f¥
I F A Th Brasicaceae Alyssum campestre L. Yo
11 F A Th Brasicaceae Cardaria draba (L.) Desv. ¥
11 F A Th Brasicaceae Carrichtera annua (L.) DC. Fv
11 F A Th Brasicaceae Erucaria hispanica (Linn.) Druce FA
1 F A Th Brasicaceae Erysimum oleifolium J. Gay Fa
11 F A Th Brasicaceae Leptaleum filifolium (Willd.) DC. o
11 F A Th Brasicaceae Moricandia sinaica (Boiss.) Boiss. o)
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11 F A Th Boraginaceae Arnebia decumbens (Vent.) Coss. & Kral oy
1 Sh P Ch Boraginaceae Heliotropium lasiocarpum Fisch. & C.A. Mey. oy
11 F A Ch Boraginaceae Onosma dichroanthum Boiss. of
11 Sh P Ch Capparidaceae  Capparis spinosa L. o0
11 Sh P Ch Caryophyllaceae Acanthophyllum sp. of
1 F P Ch Caryophyllaceae Dianthus crinitus Rech.f. ov
11 Sh P Ch Caryophyllaceae Gymnocarpus decander Forssk. oA
1 F A Th Caryophyllaceae Minuartia meyeri (Boiss.) Bornm. o4
11 Sh P Ch Chenopodiaceae Atriplex leucoclada Boiss. 7
1 Sh P Ch Chenopodiaceae Cornulaca monacantha Delile. 73
1 Sh P Ch Chenopodiaceae Noaea mucronata (forssk.) Asch. & schweinf 7Y
1 Sh P Ch Chenopodiaceae Salsola rigida Pall. 7Y
I F A Th Cistaceae Helianthemum ledifolium (L.) Miller 7¥
I F P Ch Cistaceae Helianthemum lippii (L.) Pers. 70
1 F A Th Cistaceae Helianthemum salicifolium (L.). Miller. 77
11 Sh P Ch Convolvulaceae Convolvulus oxyphyllus Boiss. v
11 F A Th Cucurbitaceae  Citrullus colocynthis (L.) Schrad 7A
11 G.L P Ge Cyperaceae Carex stenophylla Wahlenb. 74
I F A Th Dipsacaceae Scabisa olivieri Coult. Ve
11 S.T P Ph Ephedraceae Ephedra foliata Boiss. & Kotschy v
1l F P He Euphorbiaceae  Euphorbia sp. vy
11 F A Ge Geraniacaea Erodium cicutarium (L.) Lher. VY
11 F P Ch Hypericaceae Hypericum perforatum L. V¥
11 F A He Lamiaceae Salvia macrosiphon Bioss. Vo
11 F A He Lamiaceae Salvia sp. v
1 F P Cr Lamiaceae Teucrium polium L. vy
I F A Th Lamiaceae Ziziphora tenuior L. VA
1 F P Ge liliaceae Allium sp. va
11 F P He Malvaceae Alcea Aucheri (Boiss) Alef. As
11 F A He Malvaceae Malva neglecta L. A
1 Sh P Ch Mimosaceae Prosopis farcta (Banks & Soland.) Macbr. AY
11 F A Th Papaveraceae Roemeria hybrida (L.) DC. AY
11 Sh P Ch Papilionaceae Astragalus fasciculifolius Boiss. AY
| F P Ch Papilionaceae Astragalus hamosus L. AS
I Sh P Ch Papilionaceae Astragalus obtusifolious DC. A7
11 Sh P Ch Papilionaceae Astragalus squarrosus Bunge. AY
11 Sh P Ch Papilionaceae  Astragalus tribulifolius Benth. ex Bunge. AA
11 Sh P Ch Papilionaceae Ebenus stellata Boiss. A4
11 Sh P Ch Papilionaceae Ebenus sp. 4
1 F A Th Papilionaceae Hippocrepis unisiliquosa L 4
1 F A Th Papilionaceae Hymenocarpus circinnatus (L.) Savi ay
| F A He Papilionaceae Medicago laciniata (L.) Miller ay
| F A He Papilionaceae Medicago polymoropha L a¥
| F A He Papilionaceae Medicago radiata L. 10
| F A He Papilionaceae Medicago rigidula (L.) All. a7
11 F A He Papilionaceae Onobrychis crista - galli (L.) Lam. av
| F A He Papilionaceae Onobrychis sp. aA
11 Sh P Ch Papilionaceae Ononis sicula Guss. 44
1 F A Th Papilionaceae Trigonella monantha C. A. Mey. Yoo
1 F A Th Papilionaceae Trigonella persica Boiss. Yo
| F A Th Papilionaceae  Vicia monantha Retz VoY
| F A Th Papilionaceae  Vicia narbonensis L. VoV
11 Sh P Ch Papilionaceae  Vicia sativa L. Vo¥
I F A Ge Plantaginaceae  Plantago coronopus L. Voo
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1 F A Ge Plantaginaceae  Plantago lanceolata L Vo?
1 F A Ge Plantaginaceae  Plantago ovata Forssk. Yoy
1 F A Ge Plantaginaceae  Plantago psyllum L VoA
11 Sh P Ch Plumbaginaceae Acantholimon festucaseum (Jaub. & Spach) Boiss. ~ Y+4
1 G A Th Poaceae Aegilops triuncialis L. AR
1 G A Th Poaceae Avena fatua L. AR
1 G A Th Poaceae Boissiera squarrosa (Banks & Soland.) Nevski VY
1 G A Th Poaceae Bromus danthoniae Trin. Ny
1 G A Th Poaceae Bromus tectorum L. AR
1 G A Th Poaceae Crithopsis delileana (Schultes) Roshev. ARES
1 G P Ge Poaceae Cymbopogon olivieri (Boiss.) Bor \RR¢
1 G P Ge Poaceae Cynodon dactylon (L.) Pers. VY
| G A Th Poaceae Eremopoa sp. VYA
I G A Th Poaceae Eremopyrum bonaepartis (Spreng.) Neveski 4
1 G A Th Poaceae Eremopyrum sp. AR
1 G A Th Poaceae Hordeum marinum Huds. AR
1 G A Th Poaceae Hordeum sp. YYY
1 G A Ge Poaceae Hordeum spontaneum C. Koch ‘YY
I G P Ge Poaceae Pennisetum divisum (J.F. Gmel.) ‘YY¥
I G P Ge Poaceae Pennisetum orientale L. C. Rich. ‘Yo
| G A Th Poaceae Phalaris minor Retz ‘Y7
I G A Th Poaceae Phleum sp. YV
1 G P Ge Poaceae Poa bulbosa L. VYA
1 G P Cr Poaceae Poa sinaica Steud. AR
1 G A Th Poaceae Polypogon monspeliensis (L.) Desf. AR
1 G A Th Poaceae Polypogon sp. AR
I G A Th Poaceae Schismus arabicus Nees Y
11 G A Ge Poaceae Stipa capensis Thunb. 'Y
I G P Ge Poaceae Stipa parviflora Desf. VY'Y
I G P Ge Poaceae Stipagrostis plumose (L.) Munro ex T. Anderson ‘Yo
1 G A Th Poaceae Taeniatherum crinitum Nevski. \AR¢
1 G P Ge Poaceae Tricholaena teneriffae (L. f.) Link AR
1 G P Th Poaceae Vulpia persica (Boiss. & Buhse) Krecz. & Bobrov YA
1 G A Th Poaceae Vulpia sp. Ve
11 F A Cr Polygonaceae Polygonum sp. AR
I Sh P Ph Polygonaceae Pteropyrum aucheri Jaub. & Spach. VY
I Sh P Ph Polygonaceae Pteropyrum olivieri Jaub. & Spach VFY
1 F A Ge Primulaceae Anagallis arvensis L. VYY
11 F A He Resedaceae Reseda aucheri Boiss. VY
1 S.T P Ph Rhamnaceae Ziziphus nummularia (Burm. f.) Wight & Walk. Y¥o
11 S.T P Ph Rosaceae Amygdalus scoparia Spach. V¥7
11 F P Ch Rutaceae Haplophyllum tuberculatum (Forssk.) A. Juss. VPV
11 T P Ph Salicaceae Populus euphratica Oliv. YFA
11 F P Cr Scruphulariaceae Verbascum farsistanicum (Murb.) Hub. Mor. V¥4
11 S.T P Ph Solanaceae Lycium shawii Roemer & Schultes. Vo
I Sh P Ch Thymelaeaceae Dendrostellera lessertii Van Tiegh Yo
11 F A Cr Zygophyllaceae Tribulus terrestris L. Yoy
11 F P He Zygophyllaceae Peganum harmala L. Yoy
1 S.T P Ph Zygophyllaceae  Zygophyllum atriplicoides Fisch. & C. A. Mey. Vo¥

wziz,0) S.T (Grass like ¢ oass

:Ch Hemicryptophyte :He .Cryptophyte :Cr Ph Phanerophyte
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