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ABSTRACT

Negative impacts of climate change on ecosystems have been increasing, and both the intensification and

the mitigation of these impacts are strongly linked with human activities. Management and reduction of

human-induced disturbances on ecosystems can mitigate the effects of climate change and enhance the

ecosystem recovery process. Here, we investigate coupled human and climate effects on the wetland eco-

system of the lower Helmand basin from 1977 to 2014. Using time series climate-variable data and land-use

changes from Landsat time series imagery, we compared changes in ecosystem status between the upstream

and downstream regions. Results show that despite a strong and prolonged drought in the region, the up-

stream region of the lower Helmand basin remained dominated by agriculture, causing severe water stress on

the Hamoun wetlands downstream. The loss of available water in wetlands was followed by large-scale land

abandonment in rural areas, migration to the cities, and increasing unemployment and economic hardship.

Our results suggest that unsustainable land-use policies in the upstream region, combined with synergistic

effects of human activities and climate in lowerHelmand basin, have exacerbated the effects of water stress on

local inhabitants in the downstream region.

1. Introduction

Historical records of precipitation and drought indices

all show increased aridity since 1950 over many land

areas (Dai 2013; Kahsay 2016). The droughts are mainly

due to the extreme climate variability mixed with higher

temperatures due to warming in many areas of the

world. Long periods of drought, particularly in semiarid

and arid regions, a decline in water input from extended

precipitation anomalies, an increase in atmospheric

water demand, and faster evaporation of water due to

warming can readily create cascading effects on water

resources (Barrios et al. 2008; Ye and Grimm 2013).

Since semiarid and arid regions are already water

limited, any decrease in water supplies from droughts

rapidly threatens both people and wildlife (El-Khoury

et al. 2015; Li et al. 2009). Furthermore, human ac-

tivities in terms of land degradation, unsustainable

land-use changes and water resource management,

and inefficient irrigation methods significantly exacer-

bate the effects of drought (Wu et al. 2013; Zhou et al.

2013; Zhao et al. 2016; Bortels et al. 2011). Cou-

pled human and climate (CHC) effects are becoming

increasingly important in ecosystem studies and in theCorresponding author: Saeideh Maleki, sahraa62@yahoo.com

JULY 2019 MALEK I ET AL . 609

DOI: 10.1175/WCAS-D-18-0070.1

� 2019 American Meteorological Society. For information regarding reuse of this content and general copyright information, consult the AMS Copyright
Policy (www.ametsoc.org/PUBSReuseLicenses).

mailto:sahraa62@yahoo.com
http://www.ametsoc.org/PUBSReuseLicenses
http://www.ametsoc.org/PUBSReuseLicenses
http://www.ametsoc.org/PUBSReuseLicenses


www.manaraa.com

sustainablemanagement of land andwater use (MacMartin

et al. 2014; Rowhani et al. 2011; Zhang et al. 2013; Wang

et al. 2009) Taking CHC into account allows the devel-

opment of mitigation strategies on human activities in

order to alleviate some of the negative impacts of cli-

mate change (Fu et al. 2017).

In this paper, we study CHC effects and trends in

climate and land-use change in a damaged arid eco-

system in southeast Iran, including the Hamoun

wetlands in the lower Helmand basin. Because of

their location in the middle of a vast desert, the

Hamoun wetlands are a critical water source not only

for local communities but also for migratory and

breeding birds (Maleki et al. 2016). The majority of

inhabitants in the area are employed in agriculture,

fisheries, and handicraft production, with their in-

come depending strongly on water resources and

ecosystem services. However, degradation of the

ecosystem from droughts and water shortage com-

bined with the mismanagement of land use from poor

irrigation systems and harvesting practices have

caused large-scale poverty, unemployment, and mi-

gration to urban areas (Partow 2003). Therefore, to

maintain and conserve the services of the Hamoun

wetlands, it is necessary to design and implement

conservation policies that take CHC into account.

Before making decisions about the problem, the

factors that affect water limitation should be in-

vestigated. Then, sustainable polices to achieve cli-

mate adaptation and mitigation, wetland restoration,

and human development in the region can be de-

signed (Fu et al. 2017).

Despite the importance of the Hamoun wetlands,

field surveys on the status of the ecosystem and its

health and integrity are difficult and rare due to its

location between Iran and Afghanistan and conflicts

in Afghanistan (UNEP 2002; FAO 2015). Most studies

have been focused on the Iranian side of the wetlands

and have produced a variety of datasets and results.

From the cooperation framework between the gov-

ernments of the Netherlands and Iran, an Integrated

Water Resources Management (IWRM) study has

been carried out in the Sistan province of Iran, where

most of the Hamoun wetlands are located. This co-

operation also included the Sistan flood warning and

emergency plan run by WL-Delft Hydraulics in 2003

that provided extensive data on the region’s water

resources. Our previous work in this area focused on

wetland restoration and the reduction of the negative

impacts of droughts in the region (Maleki et al. 2018).

Few studies have focused on wetland habitat condi-

tion and investigated waterbird habitat suitability

(Maleki et al. 2016) and population during the dry and

wet years (Behrouzi-rad 2009). The restoration and

sustainable use of the shared wetlands has been studied

by the United Nations Development Program (UNDP)

office in Iran. The socioeconomic impacts of the

Hamoun wetlands and its ecosystem on the region have

been evaluated (Dahmardeh et al. 2009; Imandoust and

Ghoreishi 2016). These studies together provide some

survey data on the status of theHamounwetlands and its

impact on the people who are dependent on its services.

However, there has been limited work focused on un-

derstanding the coupled human and climate effects on

the Hamoun wetlands.

In this paper, we investigate the changes in land use

and land cover (LU-LC) and climate variability of

the Hamoun wetlands located in Iran in the lower

Helmand basin. Our study will address whether human

activities are managed in light of recent changes in

climate or whether new policies for sustainable use

and development are necessary to take into account

the coupled human and climate. We use time series

data from Landsat and the Climatic Research Unit

(CRU) of the University of East Anglia (United

Kingdom) to study long-term changes (1977–2014)

and synergistic effects of CHC in this area. The study

also included socioeconomic factors that represent

the well-being of the inhabitants and those dependent

on the ecosystem services of the Hamoun wetlands

and the lower Helmand basin. The paper aims to an-

swer three questions: (i) How are climate factors

changing across the Hamoun wetlands? (ii) To what

extent are local human activities exacerbating the

effects of climate change? (iii) What is the synergistic

effects of human and climate effects on ecosystem

degradation?

2. Material and methods

a. Study area

The Hamoun wetlands are located in the lower

Helmand basin, an arid area between Iran and Afgha-

nistan (Fig. 1). Because the Hamoun wetlands are af-

fected by changes throughout the basin, it is not

possible to study the wetlands as an isolated unit. The

basin consists of three parts: (i) the delta of the Hel-

mand (Hirmand) River in the upper basin, (ii) the

wetlands (Hamoun) in the lower part of the delta, and

(iii) a hypersaline lake (Gowd-e-Zareh) in the lowest

part of the basin. In addition to the Helmand River,

there are other smaller rivers in the basin. The Ha-

moun wetlands consist of three lakes: Hamoun-e Pu-

zak, Hamoun-e Sabari, and Hamoun-e Helmand. The

area of these three lakes is about 300 000 ha during wet
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conditions. The Iranian part of the Hamoun wetlands

has been mentioned as a protected site in the Ramsar

Convention (Ramsar 2016). The climate of this area

based on the De Martonne method is arid (Maleki

et al. 2016).

The Hamoun wetlands have a crucial role of sup-

porting the life in the region because they are the only

water source within a vast arid region. Further-

more, the Hamoun wetlands are also the only eco-

nomic base due to a lack of any industry independent

of water and the natural ecosystem in the region.

Farming is the major occupation in this area and the

Hamoun wetlands provide water for irrigation and

other economic activities such as livestock grazing,

reed-cutting, and fishing. Sustainable functioning and

reliable services of the wetland ecosystems in this

area are therefore the only sources of viable liveli-

hoods in the region.

b. Data sources

Landsat Multi Spectral Scanner (MSS) images from

13 May 1977, Landsat Thematic Mapper images from

30 May 1991 and 10 May 2001, and Landsat Opera-

tional Land Imager (OLI) images from 13 May 2014

were used to assess the extent of LU-LC change over

the past 37 years. The images were downloaded from

the U.S. Geological Survey Earth Explorer portal

(Table 1). In addition, satellites images from Google

Earth (http://earth.google.com), digital elevation data

from Shuttle Radar Topography Mission (SRTM), the

Food and Agriculture Organization (FAO) project’s

land-use map of Afghanistan (FAO 2015), and data

from field surveys within Iran were used as reference

material for this study.

Long-term in situ meteorological data (precipitation

and temperature) in Iran were used to examine changes

in climate and variability in the study area. We could

not find any meteorological data in Afghanistan to

extend the climate data analysis to the Helmand basin.

However, we used gridded data from the CRU (http://

www.cru.uea.ac.uk/data) to investigate the climate

variability in the entire study area. Precipitation and

mean monthly temperature were selected as climate

variables for the data analysis.

For socioeconomic data, we included rural and ur-

ban population data, statistics on migration from rural

to urban areas, and percent of unemployment in urban

areas. These data were acquired from the Plan and

Budget Organization (PBO) of Iran.

FIELD INVENTORY

To determine the characteristics of the study area

and LU-LC classes, field inventories were done in the

Iranian part of the study area. The field data were ac-

quired using a stratified random sampling approach.

Data for each LU-LC class included several ecological

characteristics such as water depth, landscape type,

vegetation height, and percent vegetation cover. All

measurements included location data using the global

positioning system (GPS).

FIG. 1. (a) The lower Helmand basin showing (b) Zabol in Iran and Lashkargah and Kandahar in Afghanistan

(major cities in the region). The Helmand is the main river feeding the Hamoun wetlands (Hamoun-e Puzak,

Hamoun-e Sabari, and Hamoun-e Helmand).

TABLE 1. Data used in this study.

Data Resolution

Dates of images/

data used

MSS 60m 7 scenes 13 May 1977

Landsat-5 30m 7 scenes 30May 1991

Landsat-7 30m 7 scenes 10 May 2001

Landsat-8–OLI 30 m 7 scenes 13 May 2014

FAO project’s land-use

map of Afghanistan

2015

Topographic map 1:50 000 1986 and 2004

Digital elevation data

from SRTM

Google Earth Varying

resolution

2014, 2015

Ground observation May–August

2014
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c. Methods

In this study, we rely extensively on global gridded

meteorological and remotely sensed data to determine

the changes in the study area.

1) CLIMATE DATA PROCESSING

The station weather data in Afghanistan are not

complete over the study period (1977–2014), thus global

weather gridded data were used. To select the most ac-

curate gridded data, the gridded climate data of Zabol

were compared against the weather station data pro-

vided by the Iran Meteorological Organization. Finally,

CRU data were selected because they have the highest

correlation with observed data.

We used the Mann–Kendall (MK) test to determine

the trend in the selected variables from the CRU data.

The MK test is not sensitive to outliers in the data and

can detect monotonic linear and nonlinear time series

trends without making any assumptions that the data

are distributed normally or that the trend is linear

(Zhao et al. 2016). The trend is determined using the

equation:

S5 �
n

i52
�
j21

j51

sign(x
i
2 x

j
) , (1)

where xi and xj are the sequential data values, n is the

length of the time series, and the sign (xi 2 xj) is an in-

dicator function that takes on the values of 21, 0, and 1

according to the sign of (xi 2 xj). That is, sign (xi 2 xj) is

equal to21 for (xi 2 xj), 0, equal to 0 for (xi 2 xj)5 0,

and equal to 1 for (xi 2 xj) . 0. The variance of S

(Var[S]) is calculated by the following equation:

Var[S]5

n(n2 1)(2n1 5)2 �
q

p51

tp(tp2 1)(2tp1 5)

18
,

(2)

where tp is the number of observations the for the pth

group and q is the number of tied groups.

The standardized test statistic (ZMK) is calculated

using Eq. (3):

ZMK5

8>>>>>>><
>>>>>>>:

S2 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var[S]

p if S. 0

0 if S5 0

S1 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var[S]

p if S, 0. (3)

A positive ZMK means an increasing trend, and a nega-

tive ZMKmeans a decreasing trend. Usually, confidence

levels of 99%, 95%, and 90% signify the positive or

negative trends determined by the test statistic. The MK

test will determine whether to reject the null hypothesis

of no monotonic trend and accept the alternative hy-

pothesis of the presence of a monotonic trend at different

confidence intervals (CI). For example, the null hypoth-

esis is rejected when jZj . 2.575 at 99% CI, when jZj .
1.96 at the 95% CI, and when jZj . 1.645 at the 90%

CI (Hossain et al. 2014). We used the sequential MK

(SQMK) test is used in order to detect the trend over a

study period and to determine the beginning of this trend.

The sequential values, u(t) and u0(t), are calculated using

the progressive analysis of the MK test. We assume u(t)

has zero mean and unit standard deviation as a stan-

dardized variable and u(t) and u0(t) are computed using

Eq. (4):

u(t)5
tj2E(t)ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var(tj)

p , (4)

where

tj5 �
j

1

nj ,

n 5 years of time series,

E(t)5
n(n2 1)

4
,

TABLE 2. Spectral indices used in conjunction with Landsat spectral bands and tasseled cap brightness (TCB), greenness (TCG), and

wetness (TCW).

Spectral index Formula Reference

TCWGD TCW 2 TCG Huang et al. (2014)

NDVI (band 4 2 band 3)/(band 4 1 band 3) Chander and Helder (2009)

NDVI-1 (band 4 2 band 5)/(band 4 1 band 5) Agapiou et al. (2011)

NDVI-2 (band 3 2 band 5)/(band 3 1 band 5) Sexton et al. (2013)

TCA Arctan (TCG/TCB) Wang et al. (2009)

IVR band 5/band 2 Theobald (2001)

IR (band 5 2 band 7)/(band 5 1 band 7) Ruan et al. (2007)
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Var(tj)5 [j(j2 1)(2j1 5)]/72,

E(t)5mean and Var(tj)5 variance of the test statistic .

The u0(t) is calculated the same as u(t) but starting from

the end of the series. In this study, theMK test was used

to detect the change in the annual precipitation, and

the mean annual temperature in three major locations

(stations) in the study area: Kandahar, Lashkargah,

and Zabol.

In the MK test, the magnitude of slope is used to

investigate the tendency of parameters. A positive

FIG. 2. CRU monthly and annual precipitation variation in Kandahar, Lashkargah, and Zabol (1977–2014).
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slope magnitude indicates an increasing trend, while a

negative slope magnitude indicates a decreasing trend

(Zhao et al. 2016). To determine the intensity and

duration of drought in the study area, annual precipi-

tation and mean annual temperature anomalies of

1977–2014 were calculated using monthly time series of

CRU data at 0.58 grid cells. Equation (5) was applied to

calculate the standard anomaly for each year:

P
Anomaly

(i, j)5
Py(i, j)2 [P19772 2014(i, j)]

STD[P19772 2014(i, j)]
, (5)

P19772 20145 1977Mean2 2014 Mean,

Py5measurement from year (y) ,

STD5 standard deviation.

2) CHANGES IN HUMAN ACTIVITIES

(i) LU-LC map

LU-LC classes were selected based on previous

studies (FAO 2015; Maleki et al. 2016; Shamohammadi

and Maleki 2011) and field observations in Iran. Su-

pervised classification and spectral indices were

applied to develop the map of LU-LC classes. The

vegetation classes were created using infrared ratio

(IR), soil-adjusted vegetation index (SAVI), nor-

malized difference vegetation index (NDVI), and

tasseled cap transformation (TASSCAP) (Table 2).

These indices were examined against field measure-

ments and the NDVI was selected to produce vege-

tation classes. To discriminate natural vegetation

from agriculture, we used high-resolution satellite data

from Google Earth and other ancillary data outlined

earlier.

The water class was separated from other land

cover types by using the normalized difference water

index (NDWI), the NDVI index, and the tasseled cap

wetness–greenness difference index (TCWGD), to

which a principal component analysis (PCA) was

applied (Table 2). Comparison between the satellite-

derived vegetation indices and field observations

showed that TCWGD outperformed other indices to

separate the water classes. We used TCWGD to

classify the water for all dates of satellite imagery.

Finally, the results of indices and supervised classi-

fication were compared with field samples and the

most accurate classes were overlaid to compile an

FIG. 3. Sequential values of the statistics u(t) (solid line) and u0(t) (dashed line) from theMK test of annual precipitation for (a) Kandahar

station, (b) Lashkargah station, and (c) Zabol station; u(t) indicates a forward trend and u0(t) is backward trend.
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LU-LC map for the study area and for all selected

time periods.

(ii) LU-LC accuracy assessment Accuracy assess-

ment was performed on each map using a number of

validation points relative to the number of pixels in

each class based on the stratified random approach in

the field data collection. Visual interpretation, field

measurements, and the reference material (section 2b)

were used to label these test pixels. The 1977 and 1991

classified Landsat images were compared with the 1986

topographic maps. Google Earth and other reference

materials were applied for 2001 and 2014 and the kappa

coefficient (k) was calculated for the validation of

all maps.

3) SOCIOECONOMIC VARIATION IN DOWNSTREAM

The LU-LC maps were used to estimate the changes

across all classes over the period of the study (1977–

2014). The results of LU-LC change were divided into

two parts for the downstream and upstream areas of the

lower Helmand basin. These results showed that the

downstream region is impacted by the intensifying water

limitation more than upstream areas and that agricul-

ture is relatively less developed. These changes suggest

that the downstream areas will experience more socio-

economic hardship than the upstream from any changes

from climate and ecosystem degradation. To investigate

the effects of these conditions in the downstream areas,

the percent of rural and urban population, migration

from rural to urban areas, and unemployment data in

urban areas were used.

3. Results and discussion

a. Climate variation

Comparison between the CRU data for Zabol and

the weather station data provided by the Iran Mete-

orological Organization confirmed the accuracy of

CRU data to use as the real data. The high correlation

(Pearson’s R 5 0.71) indicates that CRU monthly

precipitation can represent real precipitation with

acceptable accuracy and does not need any calibra-

tion. Pearson’s R5 0.78 for mean annual temperature

confirms this for mean annual temperature as well.

FIG. 4. Sequential values of the statistics u(t) (solid line) and u0(t) (dashed line) from the MK test for mean annual temperature for

(a) Kandahar station, (b) Lashkargah station, and (c) Zabol station; u(t) indicates a forward trend and u0(t) is backward trend.

JULY 2019 MALEK I ET AL . 615



www.manaraa.com

The short-term analysis of precipitation patterns may

be affected by an overestimation (Saatchi et al. 2013),

therefore we selected a longer time series using the

CRU monthly precipitation dataset from 1977 to 2014.

The monthly and the annual precipitation variation

in Kandahar, Lashkargah, and Zabol (1977–2014) are

illustrated in Fig. 2.

The results of MK test show a decreasing trend in

precipitation (ZZaol,Lasgargah,Kandahar 5 21.98,22,21.96,

p , 0.05) and an increasing trend in annual mean tem-

perature (ZZaol,Lasgargah,Kandahar 5 11.97, 11.98, 1.98,

p , 0.05).

Sequential values of the statistics u(t) (solid line) and

u0(t) (dashed line) from the MK test of annual pre-

cipitation for Kandahar, Lashkargah, and Zabol are

presented in Fig. 3. As the plot of u(t) indicates, there

was an increasing trend in precipitation in the 1980s.

After that, a decreasing trend began in the 1990s and

has continued to the present.

On the other hand, the results of MK test for mean

annual temperature (Fig. 4) show an increasing trend

began in the 1990s.

Similar behavior in sequential values is observed

for all three stations. It demonstrates that the de-

creasing trend in precipitation and the increasing

trend in mean annual temperature in this region be-

gan in the 1990s.

The precipitation anomaly (Fig. 5) confirms an in-

crease in precipitation at the three stations in the late

1980s. It also verifies a reduction in precipitation in the

1990s. On the other hand, the mean annual tempera-

ture anomaly (Fig. 6) confirms that the climate of the

study area is getting warmer.

Thus, the results of the climate variability analysis

showed the climate of the lower Helmand basin is

getting warmer and drier. These changes reinforce the

region’s water limitation because the only water input

in this basin is precipitation. Now the question is, do

human activities mitigate or exacerbate the effect of

this limitation?

b. Land-use change in the Lower Helmand basin

To recognize LU-LC change in the lower Helmand

basin, LU-LC maps for 13 May 1977, 30 May 1991,

10May 2001, and 13May 2014 were created. The overall

accuracy for LU-LCmaps for each year is 84.2%, 85.1%,

86.3%, and 90% for 1977, 1991, 2001, and 2014, re-

spectively. The results of accuracy assessment for all

LU-LC maps show the acceptable classification of these

maps (Lu and Weng 2009; Dong et al. 2014).

FIG. 5. Precipitation anomalies for (a) Kandahar, (b) Lashkargah, and (c) Zabol.
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The LU-LC maps for 13 May 1977, 30 May 1991,

10 May 2001, and 13 May 2014 are presented in Fig. 7.

The areas of LU-LC classes for each date were calcu-

lated and are presented in Table 3. Figure 8 was created

based on Table 3. This figure shows the area of the most

important LU-LC classes in the study period. These

classes are water surface, marsh and mudflats, and ag-

riculture. As this figure shows, agriculture developed

over this period in the lower Helmand basin. As seen,

water area increased between 1977 and 1991 but after

that the area of this class reduced from 390 158 to

23 516ha between 1991 and 2001. Based on Fig. 7c, the

FIG. 6. Mean annual temperature anomalies for (a)Kandahar, (b) Lashkargah, and (c) Zabol.

FIG. 7. The lower Helmand basin land use/land cover (a) 1977, (b) 1991, (c) 2001, and (d) 2014.
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Hamoun wetlands were completely dry in 2001. Thus,

the area of water surface in that year reflects the lakes

behind dams. Although decreasing precipitation ac-

counts for some of the loss of water, the impoundment of

water in dams in the upstream region of the basin has

strengthened the effect of decreasing precipitation on

the Hamoun wetlands.

In 2014, the area of water surface was 134969ha, but

comparison between 1977, 1991, and 2014 shows that the

area of water was reduced in the study period. This finding

reveals the extent of water limitation in the study area.

During the study period, the water areas were reduced

by 60% and marsh areas by 40%, whereas the agricul-

tural area doubled. This means, alongside the reduction

in natural cover classes such as water and marsh, artifi-

cial land use (agriculture) expanded. It confirms that

there is negative pressure on natural ecosystem in this

area. Although water resources decreased in this region,

agriculture expanded, placing greater strain on de-

creasing resources. According to the FAO Technical

Cooperation Programme (TCP; FAO 2015), agriculture

land use is the most water-consuming class in the region.

These results not only confirm water limitation in the

lower Helmand basin, but also show the negative pressure

exerted on the ecosystem by expanding agriculture. Fur-

thermore, the reservation of water in the upstream dams

exacerbates water limitation in the downstream region.

To compare the changes in the upstream and down-

stream regions, the LU-LC maps were divided into two

parts. The area of three major LU-LC classes (water

surface, agriculture, marsh, and mudflats) were calcu-

lated for each part. The area of these three classes is

presented in Fig. 9. Based on this figure, in 1977 and

1991, the water body area in the downstream region is

higher than in the upstream region, which is logical in a

catchment basin. But in 2001 and 2014, this pattern was

reversed. Changes in the marsh area follow the same

pattern as the water changes. The agriculture area is

higher in upstream in all years, but despite the water

limitation, agriculture was developed intensively there

through 2014 while agriculture remained low in down-

stream region. Both water reduction by climate variation

and water reservation by dams are negatively affect-

ing the downstream ecosystem. Now the question is,

how do socioeconomic parameters respond to these

effects?

c. Socio-economic variation in down stream

The results of LU-LC change in section 3b showed that

the downstream region is dealingwithmore intensewater

limitation than the upstream region. Thus, these changes

can lead to greater socioeconomic difficulties in the

downstream region. To investigate the socioeconomic

condition downstream, the rural and urban population

percent (Fig. 10), migration from rural to urban areas

and unemployment percent in urban areas were used.

As Fig. 10 shows, the population percent of rural areas

were declined between 1956 and 2011. During the first

30 years (1956–86), the rural population decreased 10%,

but in the last 25 years (1986–2011), the decline was

close to 40%. Majdabadi 2007 mentioned since industry

was not developed in this region, agriculture and fish-

eries are the major occupations, and so changes in the

proportions of rural and urban population are due to

changes in natural resources. The migration change rate

has the same pattern as the rural and urban population

percent. The Migration from rural to urban areas in

1981, 1996, 2006, and 2011 was 10%, 15%, 34%, and

37% respectively. Based on these two indices, it seems

the rural areas are being abandoned. On the other hand,

unemployment percent in urban areas increased. While

the unemployment percent in 1986 and 1996 was 5%, it

reached to 30% in 2011. These three indices show in the

downstream region of the lower Helmand basin, socio-

economic conditions are becoming worse. The rural

areas which are the source of agricultural production

being abandoned and the population of cites that con-

sume these products are rising. Also, the cities are

dealing with the problem of immigration from rural

areas and high unemployment. Because the income of

people in the lower Helmand basin is largely dependent

FIG. 8. Temporal changes for three major land-cover classes from

1977 to 2014.

TABLE 3. Area of land-use classes (ha).

Land-use/

land-cover class Code 1977 1991 2001 2014

Water surface 1 207 569 390 158 23 516 134 969

Marshes and

mudflats

2 150 332 199 472 3 89 632

Salt land 3 1 687 050 949 400 2 455 080 1 275 630

Agriculture 4 436 704 576 277 374 129 868 420

Natural

vegetation

5 195 359 1 176 278 240 153 702 290
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on the health of the wetland ecosystem and the avail-

ability of water, water limitation will produce difficulties

in the region (Sajadi et al. 2014).

d. Human and climate variation effects on the
Hamoun wetlands

The results of the climate analysis showed that the

climate is getting drier and warmer in the lower

Helmand basin. This change leaded to decrease water

input from precipitation. The results of LU-LC con-

firmed that the water surface decreased from 1977 to

2014. These two results confirmed the effects of climate

change in the region. On the other hand, humans have

exacerbated the negative effects of climate change by

impounding the river’s water behind dams in the up-

stream region and developing unsustainable agriculture

throughout the basin. In brief, climate-caused drought

and human activity has intensified its effects, creating a

socioeconomic crisis in this region.

Since the Hamoun wetlands are important water

resources in an arid area and the lives of human and

animals dependent on them (Maleki et al. 2018), it is

essential to develop a sustainable plan for human ac-

tivities to mitigate the negative effects of climate

variability in this area. The importance of such a plan

has been suggested by researchers in other areas ex-

periencing negative impacts of human activity com-

bined with climate change, such as upper Thames

River basin in Canada (Eum et al. 2012), northwestern

China (Zhao et al. 2016), central Asia’s arid regions

(Fu et al. 2017), and Bangladesh (Hossain et al. 2016).

e. Application of human and climate change

In recent decades, many efforts have been made to

reduce the negative effects of climate change on human

communities. The IPCC’s Synthesis Report of Climate

Change 2001 confirmed that most of the warming ob-

served over the last 50 years is related to human ac-

tivities (IPCC 2001). As many international scientific

organizations have emphasized in their reports, specific

policies have important roles in developing an effective

response to climate change (Scheraga et al. 2003; National

Research Council 2010). Investigating the trend and

combination of climate variability and human activity

FIG. 9. Area of three major land-use/land-cover classes in the upstream and downstream regions of the lower

Helmand basin.

FIG. 10. Rural and urban population trends in the downstream

region of the lower Helmand basin.
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is a useful tool for evaluating policies and getting a

better understanding of the situation.

Some studies have investigated trends of human

activity and climate variability separately (Loveland

and Defries 2004; Chen et al. 2006; Elshamy et al.

2009; Elsanabary and Gan 2015; Fu and Weng 2016),

but the study of coupled human and climate effects

considers both terms. When the climate gets both

drier and warmer in an area, land-use policies can

mitigate or exacerbate the negative effects of climate

change on local communities and natural ecosystems.

For instance, in the lower Helmand basin, despite the

reducing trend in precipitation in recent years, the

agriculture which is the largest water consumer in this

area (FAO 2015) has been further developed, and

water has been impounded behind dams upstream.

These actions have exacerbated the negative effects of

drought on the Hamoun wetlands. As a result of re-

duced water in the wetland, rural areas in the region

have been abandoned and cities are facing the twin

problem of increased immigration from rural areas

and high unemployment.

To mitigate the negative effects of drought in this

area, changes in cropping patterns and optimization of

irrigation and land-use planning are the most impor-

tant activities. These scenarios are also suggested by

previous studies (e.g., El-Khoury et al. 2015; van der

Pol et al. 2015; Langerwisch et al. 2018; Scullion et al.

2014). Zimmerman and Faris (2011) introduced land-

use planning as an important adaptation action plan

for North America for adaptation to climate change,

and Carter (2011) mentioned LU-LC planning as an

adaptation policy against climate change in European

cities, suggesting the promise of such an approach.

4. Conclusions

In this study, climate variability and land-use change

over 37 years (1977–2014) in the lower Helmand basin

were investigated to assess the coupled effects of human

and climate change in this region.

Land-cover maps across the lower Helmand basin were

produced. Remote sensing provides a cost-effective data

source for mapping different phenomena across a large

area.Moreover, the rich archive ofLandsat images provides

a valuable resource of data over a long temporal period.

For climate analysis, because there is not a complete,

long-term, spatially distributed, and reliable climate data-

set inAfghanistan, CRUdatawere used. For this purpose,

precipitation and mean annual temperature data pro-

duced by CRU were compared against the gauge

data that were provided by the Iran Meteorological

Organization. This comparison showed that the CRU

data were able to capture patterns of climate vari-

ability in the study area. An MK test of precipitation

and mean annual temperature over the lower Hel-

mand basin showed a significant trend in both vari-

ables. In summary, after an increasing trend in

precipitation through the 1980s, mean annual pre-

cipitation decreased in the 1990s, while mean annual

temperature increased over the same period. These

trends indicate that the climate is getting drier and

warmer in the lower Helmand basin. Thus climate var-

iation has increased the water limitation in the basin. Also,

the results of LU-LC change detection illustrated that the

water surface decreased from 1977 to the present, con-

firming the region’s water limitation. Based on the LU-LC

maps, human activity has exacerbated the negative effects

of climate change by dams and unsustainable agriculture.

Climate caused the drought, and human activity is in-

tensifying its effects. These two factors have dried out the

Hamoun wetlands, leading to socioeconomic crisis in the

downstream region of the lower Helmand basin.

Human activities and unsustainable policies can ex-

acerbate climate change stress on ecosystem. Policies

that take into account the combined effects of human

activity and climate change, on the other hand, can

make a strong contribution to developing an effective

response to climate change.
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