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A B S T R A C T

Disaster risk reduction strategies are often accompanied by conventional adaptation approaches,
involving high costs and limited flexibility. Conversely, ecosystem-based adaptation (EbA) has
been advocated as a sustainable approach because it is cost-effective, efficient and provides co-
benefits (e.g., ecosystem services). However, there is limited awareness and understanding
among both disaster risk reduction professionals and ecologists about the linkages of ecosystem
restoration to disaster risk reduction. Here, we assessed people's perceptions towards the avail-
ability of ecosystem services in the highly degraded and fragile landscape to floods and soil ero-
sion in Central Nepal. We then assessed vulnerabilities at household level in both pre- and post-
restoration periods, using indicators such as distance to the river, land cover composition (ratio of
forest to non-forest), occupation, availability of ecosystem services, and effectiveness of the
restoration projects in the vicinity. Our results show that vulnerability as a function of adaptive
capacity and sensitivity decreased even though there were no significant improvements in some
of the provisions of ecosystem services we assessed. Since our results showed restoration projects
were not integrated following the principles of EbA criteria, careful integration during project de-
sign and implementation would strengthen community resilience in future. Our work provides
new insight into the restoration response to disasters and provides a basis for future research and
policy development.

1. Introduction
The Chure—also known as Siwalik or Churia— represents one of the most important regions rendering critical ecosystems in the

Himalayas [1]. It covers 12.76% total area of Nepal and is situated between the lower part of the mid-hills and the upper part of the
Gangetic floodplain [2]. Chure is predominantly composed of sandstone, mudstone and shale, which weather—at different rates— re-
sulting formation of porous soil of alluvial and colluvial deposits [3,4]. Such a geologically fragile landscape, however, is under ex-
treme human pressure for lands (e.g., agricultural land, human settlement) [5], infrastructure development [6], mining of sands/
boulders [7] and extraction of firewood and timber [6]. Such anthropogenic pressures combined with extreme rains, earthquakes,
and porous geology have made the Chure region highly vulnerable to various hazards such as floods, soil erosion and landslides [8].
Churia forest covers 23.04% of a total 5.96 million ha forest area in Nepal, and is highly disturbed in terms of grazing, forest fire,
landslide and bush cutting [9]. Chure is a crucial landscape for Nepal's ecological and socio-economic sustainability [10]. It provides
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critical ecosystem services, notably, regulating surface water flows and recharging groundwater — a main source of water for more
than 14 million people inhabiting the downstream Terai plains [11]. With the clearance of the majority of forest areas in the Terai-a
highly fertile flat area south of Chure— over the last century, the Chure hills are now the primary source of timber, fuelwood, fodder
and other forest products for not only communities living in the Chure hills but also for downstream communities in the Terai-
Madhesh region [12]. The Government of Nepal (GoN) established the President Chure-Terai Madhesh Conservation Development
Board in 2014 for the restoration, conservation and management of the vulnerable landscape of Chure, Terai and Madhesh [13]. The
board has been carrying out several activities ranging from construction of check dams and spurs to afforestation for fixing erosion,
sedimentation and floods. There is a preponderance of hard grey solutions (e.g., embankment, retention wall etc.) [14]. Such ‘grey’
solutions are easy and quick to implement and are effective in mitigating the immediate effects of a disaster [15,16]. However, such
approach has been criticized for their huge capital demand and environmental costs, and there are calls to integrate ecosystem-based
adaptation to disaster risk reduction because they are often capital friendly (e.g., low investment and maintenance cost) and effective
to control disaster risk [15,17–20].

Ecosystem-based disaster risk reduction (Eco-DRR) is “sustainable management, conservation and restoration of ecosystems to re-
duce disaster risk, to achieve sustainable and resilient development” [19]. Thus, there is a growing consensus that high and undis-
turbed biodiversity renders a greater extent of ecosystem processes and services [21,22], and supports ecosystem-based adaptation
[23]. It is considered a branch of the broader nature-based solutions (NbS) [24]. NbS rather focuses on solutions based on ecosystems
to address challenges posed by climate change and disasters and involves restoration of the ecosystems, and maintaining biodiversity
and natural habitats [24]. Hazards such as floods and soil erosion cause the degradation of ecosystems [25]. Thus, the restoration of
healthy and functional ecosystems helps to reduce climate change vulnerability and disaster risk [26], and at the same time con-
tributes to sustaining human livelihoods by providing essential goods such as food, fiber, medicines and construction materials.

The low-income households with subsistence livelihoods suffer the most from disasters [27]. This is true for Nepal where a high
proportion of people make their livelihoods through subsistence agriculture in this geologically fragile country [28]. Here, the effec-
tiveness of any engineered structures (e.g., concrete dam, river embankments) depends not only on how well they reduce hazards but
also on how well they promote ecosystem restoration. This is because ecosystem restoration not only provides critical resources for
sustaining community livelihoods but also attenuates the impacts of hazards by providing regulating ecosystem services [25].

In this study, we focus on water-induced hazards, namely, flood, erosion and sedimentation, that co-occur and evolve simultane-
ously as soon as rainfall starts [29]. Since Chure has a highly fragile geology and steep slope gradient, these hazards are the results of
human-environment interaction where vegetation in the landscape has a crucial role. A well-managed and natural forest landscape
with mixed vegetation and ground cover promotes water infiltration underground, reduces the discharge rate and intensity of water
flow and provides mechanical support against erosion capacity of flood and water run-off [30–32]. A better-designed restoration pro-
ject promotes such an ecological process in the long term [24,31,33,34]. Thus, this study attempts to determine household vulnerabil-
ity to water-induced disasters in the Chure region in Nepal, a region with high importance in terms of ecological values and restora-
tion needs. Both floods and landslides are often complimentary and require comprehensive assessments at household level for better
understanding of people's underlying vulnerabilities and resilience towards these hazards.

The main objective of this study is to examine whether ecosystem restoration reduces vulnerabilities to hazards by providing
ecosystem services. Here, we (1) assessed the effectiveness of restoration project that aims to reduce natural hazards; (2) examined
whether the concept of Eco-DRR or NbS is integrated into such restoration projects; (3) assessed people's perceptions towards the
availability of ecosystem services in both pre-and post-restoration periods; and (4) provided some recommendations for further inte-
grating ecosystem-based interventions in Chure region of Nepal. We used a multi-pronged approach in collecting data, which in-
cluded site inspection for assessing the integration of Eco-DRR or NbS criteria in restoration projects, a questionnaire survey for un-
derstanding people's experience towards hazards and ecosystem services and remote sensing for analyzing land use and land cover
change in the area. These data were used to assess community vulnerabilities to water-induced disasters considering benefits pro-
vided by ecosystem restoration. Such research is crucial for both managers and policy-makers to develop plans for effective disaster
risk reduction [35].

2. Materials and methods
2.1. Study area

The study area covers an area of 30 km2 encompassing a part of the Jaladh river and adjoining area (26°57″50.24″ –
26°52'59.53″N, 85°59'29.92″ – 86°00'47.27″E) of Dhanusa district, Nepal. The area is a representative sample of the Chure, one of the
five physiographic regions of Nepal that cover 13.6% of the country's area [36]. The Jalad river is mainly fed by Chure hills and there-
fore has a high seasonal water fluctuation. The river originates from the Mahabharat range, passes through the east-west highway and
meanders to the south [37]. The river consists of three tributaries: Jalad Khola, Hachuwa Khola and Bhaluwa Khola. We carried out
field visits in and around four villages— Madhubasha, Chaukitol, Pushpalpur and Digampur — situated in the middle of the Jalad
river basin (Fig. 1).

2.2. Data collection
2.2.1. Questionnaire survey

We conducted a questionnaire survey with 92 respondents in 2021, drawn using a systematic random sampling procedure, from
households in four villages: Madhubasha, Chaukitol, Pushpalpur, and Digampur. During the survey, we randomly selected a house
and thereafter every alternate house, based on the household pattern of the village, covering 65% of households. First, we asked peo-
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Fig. 1. A land-use and land cover map of the Jalad river basin, Dhanusha, Nepal with the location of household survey and restoration project sites.

ple on sight if he/she was a local inhabitant and if the house belonged to him/her. After confirming respondents' local connections
(e.g., regular resident) informally, we talked for a while giving our introduction, including forest, water and disasters that matters to
everyone's life. It played a crucial role to establish a connection with respondents [38]. We then recorded respondents' opinions on the
occurrence of hazards on a dichotomous scale (e.g., yes, no) and towards the statements related to the availability of ecological ser-
vices during pre and post-project intervention on a three-point scale: yes, partially and no [39] (See Appendix A: Tables 1 and 2).
These data were used as proxy indicators of sensitivity in vulnerability analyses (see Section 2.3 and Table 1 for details). The age of
the respondent ranged from 20 years to 81 years with a mean of 48 ± 14.67 years. These respondents represented a large variability
in terms of occupation (agriculture-59%, business −21%, job −14%, laborer-15%). Of the 92 respondents, 76% had livestock, which

Table 1
Indicators and their definition used in the vulnerability assessment.

Vulnerability
Indicators

Description of indicators Data source and weight of
indicatorsa

Exposure Distance from the Jalad River: It includes the Euclidian distance between the respondent's house and the
Jalad River. The more distance from the river, the low exposure will be towards the hazard [40]. Since the
terrain is flat in the village, there is no differential influence of the elevation.

Geographical Information System
(Distance to the river in m)

Sensitivity 1. Availability of water: The less availability of water resources and the more competition to use limited
resources [41]. It is a cumulative score of water demand, functionality and availability based on the
respondent's opinion on a scale (yes, partially and no) on the following statements:

- Water availability in wells and tube wells is abundant (past and present)
- There are functional water springs during dry seasons (past and present)

Questionnaire survey (section
2.2.1)
(Yes – 2, partially 1, no- 0)

2. Availability of forest resources: Less availability of forest resources results in more competition to use
limited resource [42]. It is a cumulative score based on the respondent's opinion on a Likert scale on
the following statements:

- There are abundant NTFP (e.g., mushrooms, fruit, rattans) (past and present)
- You have to travel more now to get access to fodder (past and present)
- Access to firewood is easier (past and present)

Questionnaire survey (section
2.2.1)
(Yes – 2, partially 1, no- 0 or vice
versa based on positive and
negative statement)

3. The abundance of selected wildlife: The abundance of species is an indicator of the quality of the
ecosystem and supports a range of human needs [43]. It is a cumulative score based on the
respondent's opinion on a Likert scale on the following statements:

- There are fewer bees and butterflies (past and present)
- More wild birds can be seen (past and present)

(Yes – 2, partially 1, no- 0 or vice
versa based on positive and
negative statement)

4. Major occupation (farming or not). It is based on a household survey about the major occupation of
the household as (a) farming, (b) farming and others (c) other (non-farming). The higher the
ecosystem degradation, the more vulnerability of farmers will be due to limited forage and fodder
[44].

Questionnaire survey (section
2.2.1)
(Farming 0, Farming and other 1,
non-farming 2)

Adaptive
Capacity

1. Effectiveness of restoration projects: The high number of effective restoration projects renders more
benefits to nearby households [42]. It is calculated as the number of effective restoration projects
within a 2.5 km radius of a household.

Field observation (section
2.2.3)
(Number of restoration sites)

2. The ratio of forest to non-forest: The higher the forest area, the higher the adaptive capacity because
of less human intervention in natural forest conditions [45]. It is calculated as a ratio of forest to non-
forest within a 2.5 km radius of a household.

Remote sensing (section 2.2.2)
(Proportion of forest to the non-
forest area)

a The weightage of indicators is provided in the parenthesis.
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is reared by installed feeding (39.13%) and grazing in the forest (8.7%). Forest is the major source of energy for 27.17% and 63.04%
of the household for cooking and heating respectively. The majority of people (48.91%) rely on community tube-well for drinking wa-
ter (Appendix A. Table 2).

2.2.2. Remote sensing
We used Sentinel-2A and Sentinel-2B satellite images of March 13, 2016, and March 02, 2020, for the land use and land cover clas-

sification, which are available at the US Geological Survey (USGS) Earth Resources Observation and Science (EROS) Center (http://
glovis.usgs.gov/). Cloud and shadow-free images with minimum seasonal variation were selected to improve the accuracy of image
classification.

The study area has predetermined five land use and land cover (LULC) categories, similar to national-level LULC [46]: agriculture,
barren, forest, sand and settlement. For each of the predetermined classes, we used the time-lapse function in Google earth images in
Google Earth Pro and drew 64 polygons, covering representative samples for image classification for 2016. Google consists of high
resolutions satellite images and is easier for visual interpretation of land cover type with relatively little effort. We recorded LULC
data for training and validation for 2020 from the field using a handheld GPS device (Garmin eTrex). We used ERDAS imagine 2015
software for layer stacking (converting the bands into a single layer), image processing and supervised classification of the satellite
imageries [47] using the maximum likelihood algorithm [48]. Layer stacking included images with band B11 (SWIR), B8 (Near-
infrared), B4 (Red) B3 (Green) and B2 (Blue) [49]. Before image classification, we projected satellite images to Universal Transverse
Mercator (UTM) zone 45 N, and carried out noise and haze [50], including atmospheric corrections [51]. The overall accuracies (OA)
of image classification were 80% and 83% for the years 2016 and 2021 respectively [52]. The LULC map was converted into a binary
(forest vs non-forest map) by merging agriculture, barren, sand and settlement as non-forest and computed the proportion of forest to
non-forest within a 1.25-km radius (average distance between every two houses in three villages) of every household for both 2016
and 2021. These data were used as a proxy indicator of adaptive capacity for vulnerability analysis (see section 2.3 and Table 1 for de-
tails).

2.2.3. Field observation
We visited project restoration sites after consultation with the local community. Here, a restoration site is a location where activi-

ties designed for regulating hazards (e. g., embankments, plantation etc.) are implemented. We carefully observed how nature-based
solutions are implemented using a simple checklist (Table 2) by reviewing the relevant literature related to both Eco-DRR and NbS
[24,31,33,34]. At the same time, we assessed if a restoration project was successful based on two conditions. The first criterion was a
reduction in soil erosion and river bank cutting, which is determined visually. Secondly, we looked at the physical status of the
restoration infrastructure. If a restoration infrastructure was undamaged and was in working condition, we considered it to meet the
second criterion. Thus, a successful restoration site needed to have both (a) control of soil erosion and/or river bank cutting and (b)
undamaged working conditions. We computed the total number of successful restoration projects within 1.25 km of a house as a
proxy indicator of adaptive capacity in vulnerability analysis at household level (see section 2.3 and Table 1 for details).

2.3. Data analysis: vulnerability assessment
Vulnerability is multidimensional and is determined by the interrelationship of socioeconomic, environmental, institutional, and

technological factors [53,54]. Therefore, an index to measure vulnerability is helpful to make comparisons among different commu-
nities or systems. First, indicators are selected, then weights are assigned to these indicators and finally aggregated to form an index.
Indicators and indices are useful in representing a complex reality in simpler terms. There are two approaches in the selection of indi-
cators, data-driven and theory-driven [55]. The selection of indicators here is based on theories and the availability of data related to
the nature and causes of vulnerability of the community to disasters (Table 1). Although these indicators may not provide an exhaus-
tive list but are certainly important while assessing household vulnerability to disasters.

Altogether seven vulnerability indicators— exposure (1), sensitivity (4) and adaptive capacity (2) were taken to determine the
vulnerability of each household in the study area. The indicator for exposure includes the proximity to the hazard-prone area. Sensi-
tivity includes the availability of resources (water, forest, and animal) and occupation (farming or non-farming). A community's adap-
tive capacity is measured based on the effectiveness of existing restoration projects and land cover/land use in and around their
households. The response we obtained from the questionnaire survey (yes, partially and no) were transformed to a number interval
scale of 0, 1 and 2 depending on scales of positive (e.g., “water availability in wells and tube-wells are abundant”) or negative (e.g.,
“there are fewer bees and butterflies”) statements [56]. The scores given to each contributing factor were summed [57] and divided
by the total maximum possible score to generate a unique indicator value under each theme of ecosystem restoration (e.g., water, for-
est, wildlife). However, the score for the effectiveness of the restoration project was determined as the number of effective restoration
projects within a 2.5 km radius of a household.

The vulnerability measurement can be conducted in various ways and methods, depending on the fields of specialization. The vul-
nerability index is a quantitative assessment of a system's vulnerability and is usually computed by aggregating the selected set of vul-
nerability indicators. Several researchers have outlined vulnerability as a function of exposure, sensitivity, and adaptive capacity
[58–61]. In general, vulnerability is positively related to a household's exposure and sensitivity to disasters, but negatively related to
a household's adaptive capacity to cope with the negative effects [62]. Here we used a framework by Intergovernmental Panel on Cli-
mate Change (IPCC) to assess vulnerability [63].

For evaluating the impacts of hazards, vulnerability is often measured by constructing an index of vulnerability in case of any nat-
ural hazards [64]. This method can be used to measure the vulnerability to any natural hazards. However, the types of natural haz-

https://en.wikipedia.org/wiki/Sentinel-2B
http://glovis.usgs.gov/
http://glovis.usgs.gov/
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ards are often determined before designing questionnaire surveys targeting particular natural hazards [65]. In this study, the survey
was designed to study the change in natural hazards due to restoration activities. Hence, the vulnerability index is measured here as a
function of exposure, sensitivity, and adaptive capacity, conditional upon the flood and landslide events concerning restoration activ-
ities.

According to the framework proposed by Fussel and Klein (2006) [66], exposure (E) and sensitivity (S) together compose the po-
tential impact (PI), while adaptive capacity (AC) is the potential of a system to cope with these impacts.

PI = E x S (1)

People who live in exposed areas are likely to become a ‘potentially vulnerable group’. This potentially vulnerable group can be di-
vided into two - with and without adaptive capacity [67]. Vulnerability therefore can be expressed as the following equation:

V = PI − PI x AC (2)

or,

V = PI (1 − AC) (3)

2.3.1. Normalizing indicators
The term ‘normalization’ refers to the transformation of indicator values measured on different scales and in different units into

unitless values on a common scale. These different units cannot be aggregated without normalization. They are normalized using a
minimum-maximum transformation approach [68] to fit them between 0 and 1 scale. Here, we define ‘0’ as ‘lowest’ and ‘1’ as ‘high-
est’.

Each indicator under three main components (E, S and A) were calculated for each household using the past and present scenarios
(i.e., before and after restoration). As different indicators are calculated at different scales, the normalization of the indicators is ap-
plied depending upon whether the indicator is positively or negatively correlated as follows. The following formula (Equations 2 and
3) was used.

If the increase in indicator values increases vulnerability:

Xij =

Xij − Xmin

Xmax − Xmin

(4)

If the increase in indicator values decreases vulnerability:

Xij =

Xmax − Xij

Xmax − Xmin

(5)

Where, where Xij, Xmax, and Xmin are the original values of the jth indicator for the ith unit and maximum and minimum values of all
the units considered, respectively.

The lack of a coping component for a positive contribution to vulnerability is standardized as reverse values having a negative re-
lationship with vulnerability.

2.3.2. Determining weightage of indicators
The indicators that receive a greater (or lesser) weight thus have a greater (or lesser) influence on the respective vulnerability

component and on overall vulnerability. The different weights assigned to indicators can be derived from various methods such as ex-
isting literature, stakeholder information or expert opinion or statistical variance method. Here, differential weights are calculated by
the following statistics-based weight (e.g., variance-based weight) by Iyengar and Sudarshan [69]. The variance-based method calcu-
lates weights using Equation (7), where weights are assumed to vary inversely with standard deviations to ensure that large variation
in any one of the indicators would not unduly dominate the contribution of the rest of the indicators and distort interunit compar-
isons.

VI =

n∑

j=1

(
wj × xij

)
(6)

wj =
1

SDi ×

n
j=1


1

SDi

 (7)

Where, wj is the weight of the jth indicator and xij is the normalized value of Xij and SD is the standard deviation.

2.3.3. Aggregation of indicators
Once the different indicators of a vulnerability component have been evaluated and weighted, they were aggregated into three

vulnerability components exposure, sensitivity and adaptive capacity. For aggregating individual indicators into composite indica-
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tors, here a method called ‘weighted arithmetic aggregation’ was applied. Individual indicators are multiplied by their weights,
summed and subsequently divided by the sum of their weights to calculate the composite indicator of a vulnerability component.

Statistical comparisons were performed using Wilcoxon signed-rank test for pre and post vulnerability indices and a proportion
test (test statistic Z) for type of responses towards ecosystem restoration.

3. Results
3.1. Disaster and restoration

Almost all respondents (94%) experienced disasters (e.g., flood, sedimentation and soil erosion). Our results showed no significant
difference between the proportion of respondents who believed that floods, sedimentation and soil erosion are common in past (68%)
compared to those who had a similar perception now (75%). However, a significantly high proportion of respondents agreed with the
statement “More incidences of flashflood have been observed” now (85%) as compared to those who had a similar perception (58%)
(χ2 = 15.625, P < 0.001). Regarding the perception of ecological services, 46% of respondents noted that water availability in wells
and tube wells was abundant now, which was not significantly different from a proportion of respondents who believed the same in
past (50%). Significantly fewer people (69%) compared to those in past (83%) believed that “there are functional water springs dur-
ing dry seasons” (χ2 = 16.46, P < 0.0001). However, a significantly low proportion of people believe that they “have to travel more
to get drinking water” now compared to the past (χ2 = 58.79, P < 0.0001). Interestingly, people reporting frequent encounters with
wild animals were significantly high now (89%) than those who believed in past (39%) (χ2 = 47.843, P < 0.0001), so was among
people who believed “abundant availability of NTFP” now (59%) compared to those in past (34%) (χ2 = 10.58, P = 0.001). A total
of 59% of respondents observed “easier access to firewood” now, which was not significantly different to those who observed the
same (54%).

A total of 13 restoration project sites were observed during the field visit (Fig. 2). These restoration projects were of the following
three categories: (a) check-dam along river gullies (n = 9), (b) river embankment (n = 3), (c) afforestation (n = 1). Check-dam
along river gullies is the most common restoration project, mainly constructed upstream of the river. It accumulates a rapid flow of
water as soon as it receives rain. The dams included deeply wired gabion check dams (1–2 m) along the river path, including a wired
embankment (3–6 m) on either side along the riverbank. Such dams were successful in preventing gully erosion, resulting conversion
of a “V” shaped riverbed into a “U” shaped riverbed. River embankments were of various types, namely (a) saw-toothed gabion spur
dikes, (b) concrete dams and (c) gabion retaining embankments. The saw-toothed gabion spur dikes included a series of the saw (9 m

Fig. 2. Representative restoration sites of the Jalad River Basin. A: check dam in river gullies (site 2), B: river embankment (site 12), C: afforestation (site 10), and D:
erosion breaker (site 13).
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in length, 1.5 m in height and 3 m in width), placed 30–40 m apart. The afforestation included a eucalyptus plantation in a 35-ha of
land along the riverside to protect it from being washed away during floods (see Fig. 2).

We evaluated 62% (8 out of 13) restoration project sites as being successful as per our criteria (Table 2). However, the application
of ecosystem-based adaption criteria in the restoration project site suggested that none of the restoration projects met our criteria 3, 5
and 6 (Table 2). The restoration project sites (1 and 2) were the most integrated ones with ecosystem-based adaptation (scored 46% of
ideal weightage, ideal average weightage = 24), whereas site 4 received no score at all (Table 2).

3.2. Land use and land cover change
The spatial distribution of major LULC classes in the study area for 2016 and 2021 is shown in Fig. 3. There was a reduction in for-

est area, and an increase in agricultural land and settlement during the investigated years whereas the changes in the barren area and
bushy were negligible (Tables 3 and 4). An improvement in bushy and grassland along the riverbank and northern part of the study

Table 2
Application of ecosystem-based adaptation criteria in the restoration project site. Sites with an asterisk (*) suggest effective restoration based on our criteria.

SN Criteria Site 1* Site 2* Site 3* Site 4 Site 5* Site 6* Site 7* Site 8 Site 9 Site 10 Site 11 Site 12* Site 13*

1 The use of local resources and materials is done.
+++ +++ ++ – +++ +++ +++ +++ ++ – ++ +++ ++

2 Community participation is ensured in project planning, implementation and monitoring.
++ ++ ++ – ++ ++ + + + + + + +

3 The needs of local people especially right-based groups are ensured and prioritized.
– – – – – – – – – – – – –

4 The management of forest ecosystems is carried out considering the surrounding landscape (landscape approach).
++ ++ ++ – + + + – + + – – –

5 The guidelines for forest restoration with a focus on soil and water conservation is followed.
– – – – – – – – – – – – –

6 There is a well-defined land use policies and guidelines to restrict future development.
– – – – – – – – – – – – –

7 The use of intervention is justified in terms of alternatives and the scale of intervention.
++ ++ ++ – + + + + + – – + +

8 The integration of local knowledge has been taken care of in the restoration project.
++ ++ ++ – ++ ++ + + + – – – –

Weightage average 11 11 10 0 9 9 7 6 6 2 3 5 4
Note: The more plus (+) signs the more applicable is each criterion. Weightage is given in parentheses: +++ highly integrated (3), ++ moderately integrated (2), +
to some extent integrated (1), - not integrated (0).

Fig. 3. Pattern of land use and land cover of the Jalad river in the years 2016 and 2021.
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Table 3
The pattern of land use and land cover of the Jalad river basin for 2016 and 2021.

SN LULC 2016 2021

Area (ha) Area (%) Area (ha) Area (%)

1 Agriculture 667.88 22.90 795.46 27.27
2 Barren land 231.00 7.92 235.26 8.07
3 Bushy area 525.21 18.01 540.46 18.53
4 Forest 967.13 33.16 845.06 28.97
5 Sand 231.88 7.95 163.25 5.60
6 Settlement 293.59 10.07 337.23 11.56

Table 4
A comparison matrix of forest cover change between 2016 and 2021.

SN LULC change class Area (ha)

1 Change (forest to non-forest) 372.96
2 Change (non-forest to forest) 257.63
3 Change (non-forest to non-forest) 221.67
4 No change (forest to forest) 1254.12
5 No change (non-forest to non-forest) 1070.57

Total 3176.95

area suggested an influence of the restoration project. Similarly, the results show that forest area decreased from 2016 to 2021 at a
rate of 2.52% per year.

3.3. Restoration and vulnerabilities
The weightage of indicators used to assess the vulnerability of households to disasters suggested that the “distance to the river”

was the most important indicator in past, which now shifted towards water demand. Occupation seems to get the least weightage
both in the past and after restoration project intervention. The vulnerability index after restoration suggests a reduction of vulnerabil-
ity in 88% of households. The average vulnerability index of households reduced from 0.044 in the past to 0.017 now. As expected,
we found a significant decrease in vulnerability in the post-project duration (Wilcoxon signed-rank test, p < 0.001, Fig. 4).

Fig. 4. Box plot showing the vulnerability index of 92 households in the past (before the restoration project) and now. In each box plot, the central mark indicates the
median, the dot mark indicates the mean, the bottom and top edges of the box indicate the interquartile range (IQR), and the whiskers represent the maximum and
minimum data points.
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4. Discussion & conclusion
We provide empirical evidence that restoration projects, despite being small and localized in nature, have ecological benefits and

help in reducing vulnerabilities to disaster. Our results show that a restoration project well-aligned with ecosystem-based adaptation
at landscape approach would have direct benefits in both mitigating disaster risks and restoring degraded ecosystem services in the
long run. This aligns with several studies that have shown that ecosystems render critical services in regulating and attenuating vari-
ous types of hazards [19,70,70–72]. Sudmeier-Rieux et al. (2021) reviewed links and cost-effectiveness of ecosystems in reducing spe-
cific hazards based on published research articles and noted strong links in several cases, particularly, the stabilization of steep slopes
by the vegetation [73].

Flood is the most common and serious disaster, and mitigation projects spanned from check dams to afforestation in the potential
areas. The current restoration projects are ad hoc, small scale and focused on reducing water flow and sediment accumulation up-
stream of the river basin. Such relatively small and localized restoration projects are relatively inadequate in rendering ecosystem ser-
vices, as suggested by our respondents. Except for “there is a frequent encounter with wild animals”, respondents made similar judg-
ments on the availability of ecosystem services in past and now. Restoration of ecosystem services such as the revival of water springs
and availability of non-timber forest products is possible when restoration projects are at the landscape or basin level. Several studies
provide evidence that land-use change alters natural habitats and the ecosystem services that they provide [74–78]. In our study area,
there was a net loss of forest area due to conversion into agricultural lands and human settlements, while marginal gains in the bushy
area around project intervention sites, suggesting a localized restoration approach.

The structure and composition of landscapes influence biodiversity and ecosystem processes not only in isolation but in combina-
tion with other factors such as climate change [79,80]. A forest landscape provides multiple services such as carbon sequestration,
soil nutrient cycling, flood protection, supply of food and timber etc. Studies show that ecosystem services interact among themselves,
and synergies arise when multiple services are enhanced simultaneously [81,82]. A natural and well-managed forest typically has
higher productivity and biomass, higher biodiversity, and better provisioning of ecosystem services [83,84], which greatly contribute
to securing resilient communities. The forest landscape in the Jalad river basin is under the management of local community, which is
decentralized forest management promoted to enhance sustainable forest use and reduce rural poverty. There are some concerns that
community forests may not serve biodiversity conservation—although positive results are also reported— due to a lack of explicit
conservation objectives and an increasingly high focus towards the commercial gains of such forests. We noticed that small-scale and
inexpensive projects made a substantial contribution to reducing erosion and flash floods, and better integration will maximize the
benefits.

We call for a complete shift in existing small-scale and site-specific restoration intervention with the ecosystem-based approach.
This approach focuses on the integration of ecological principles in designing and developing projects, including the use of local
knowledge and resources and the involvement of local communities in both decision-making and implementation projects [85]. This
is important on several fronts. Disasters in Chure region of Nepal are mostly of anthropogenic origin, although natural hazards are
common and exacerbated by stresses induced by humans [86]. Here, the disaster mitigation approach includes the construction of a
gabion embankment downstream near human settlements. While such an approach is justifiable to reduce impeding risk to the com-
munity, it is more important to focus on Chure which quickly accumulates rainwater and washes away soil, causing massive floods
and sedimentation downstream [87]. The Chure landscape has high human-induced stresses such as forest encroachment, forest fire,
urbanization, infrastructure development and illegal harvesting [88–90]. Consequently, a dire shortage of key ecosystem services
such as freshwater provision has been reported, including a surge in the intensity and frequency of hazards [91,92].

One might argue that improving resilience can be achieved through reducing exposure aided by the construction of dams and em-
barkment. However, resilience depends on various social, biophysical and economic dimensions—specific to site and time— that
have a non-linear and complex relationship. The quality of ecosystem services (e.g., water and forest availability etc.) renders a signif-
icant improvement in the sensitivity and adaptive capacity and thus reduces vulnerability. Given highly fragile geology and sensitiv-
ity to environmental disturbance, both policymakers and disaster risk reduction professionals need to acknowledge and incorporate
an ecosystem-based approach including local knowledge and/or indigenous knowledge and community perspectives in future
restoration projects. Our approach to DRR integrates social and biophysical interactions and provides an outline for future studies and
a pathway to realign Chure conservation in Nepal.

5. Study limitation
We are aware of possible caveats induced while selecting the sample (e.g., selection of interviewees) and indicators. Since we col-

lected data at household level and covered more than 75% households in the study area, the sample adequacy is not questioned in our
study. There is of course a question of selection bias of interviewees. We collected household-level (family-level) information (e.g., oc-
cupation), ensuring that there would be little variations within a family. Survey questions on the availability of ecosystem services be-
fore and after restoration projects were asked in an informal setting, allowing respondents to relate and think about questions in fo-
cus. This, however, could induce limited bias due to individual perception. Despite these drawbacks, we think the results are reason-
ably robust as we integrated data from remote sensing and field observation, which are used to calculate vulnerabilities at household
level. More attention should also be given to empirical studies per se collecting data on ecosystem services to explore pathways of reg-
ulating ecosystem services to disaster risk reduction.
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