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Figure 1: Location Map of Tak Special Economic Zone

Class    Score  
Very poor  0.00 

Poor  0.25 
Acceptable   0.50 

Good  0.75 
Excellent   1.00 
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Table 2: Elements of Groundwater sustainability framework with description of the framework indicators 

Dimension    Indicators  Description 
 

 

 

 

 

 

Groundwater 
Sustainability 
Indicators 
(GSI) 

GSI1  Renewable groundwater 
resources per capita  

Annual amount of renewable groundwater 
resources (m3 per year) per capita, people using 
groundwater. (def renewable) 

GSI2  Ratio of total groundwater 
abstraction/ Groundwater 
recharge  

The ratio of total withdrawal or use of 
groundwater from a given aquifer over the total 
yearly addition of water to the aquifer. 

GSI3  Groundwater Quality   The overall water quality status. 
GSI4  Basic hydrogeological 

information  
Availability of information on hydrogeological 
maps, aquifer type, aquifer properties e.g. water 
level, water quality, hydraulic conductivity, 
porosity, storage coefficient, groundwater storage 
volume, specific yield, specific retention, specific 
capacity. important variable 

GSI5  Density of monitoring well  Groundwater monitoring ability to measure 
groundwater levels and fluctuations due to 
different pressure sources in the aquifer.  

 

 

 

 

 

Social 
Sustainability 
Indicators 
(SSI) 

SSI1  Minimum water 
satisfactory 

Ratio of residents who can use at least the unit 
water demand of the minimum required L/capita/
day to the total population of the study area. 

SSI2  Groundwater 
contamination 

The ratio of residents who have risk of 
consuming the groundwater nitrogen 
contamination to the total population. 

SSI3  Knowledge management  Disseminations of the information regarding 
groundwater tariff and rates 

SSI4  Recognition of 
‘stakeholder’s participation’ 
in policy/law 

Level of involvement of different stakeholder in 
groundwater policy/ law. 

SSI5  Gender inclusiveness  Provision of gender inclusiveness in groundwater 
development and management. 
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Dimension    Indicators  Description 
 

 

Economic 
Sustainability 
Indicators 
(ESI) 

ESI1  Industrial Water 
Productivity 

The total revenue of the industrial sector over the 
total industrial abstraction. 

ESI2  Percentage of people who 
could own a production 
well with a license 

The ratio of the ppl who could afford to own 
a production well with a license from the total 
population. 

 

 

 

 

 

Institutional 
Sustainability 
Indicators 

ISI1  Regulatory and 
Institutional Framework 

 

ISI2  Provision and Availability  Availability of human resources, information, and 
education. 

ISI3  Cross-sector coordination  Provision for coordination between different 
sector (domestic, agriculture, industrial and 
governmental agencies) involving groundwater 
usage and management. 

ISI4  Community Aquifer 
Management Organization 

Provision of groundwater rights at local level to 
water use. 

ISI5  Levees on Polluters  The existence of policy and mechanism to punish 
polluters  

ISI6  Gender Responsible 
policies and agencies 

The existence of gender responsible policies 
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Figure 2: Spider Plot for GSI
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Dimen-
sions S.N. Code Indicators 

Variables 
AoP IC

NC TBC NC TBC

Te
ch

ni
ca

l

1 T1 Existence of basic transboundary hydrogeological 
information (data, maps, reports)        

2 T2 Existence of groundwater level monitoring network 
and data        

3 T3 Existence of groundwater quality monitoring 
network and data        

4 T4 Regional numerical groundwater flow models        

5 T5
Provisions for information and knowledge 
dissemination on transboundary groundwater 
aquifer systems

6 T6 Presence of publications (guide) addressing Gender 
and Vulnerable & Marginalized (V&M) groups        

Le
ga

l a
nd

 F
in

an
ci

al

7 LF1 Existence of integrated groundwater policies and laws 
considering various stressors of groundwater resources        

8 LF2 Prevention mechanisms on illegal water well 
construction and operation        

9 LF3 Land-use control mechanisms on potential 
groundwater recharging areas        

10 LF4 Prevention mechanisms on groundwater polluting 
activities        

11 LF5 Provisions of economic instruments and incentives 
to promote groundwater management        

12 LF6 Existence of dedicated fiscal mechanisms to 
support groundwater management

13 LF7 Existence of policies on conjunctive use and management 
of groundwater and surface water resources        

14 LF8
Existence of Gender Equality, Disability, and Social 
Inclusion (GEDSI) responsive groundwater policies 
and legal provisions
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Rating State
0 Non-existent
1 Incipient
2 Acceptable
3 Optimal

Dimen-
sions S.N. Code Indicators 

Variables 
AoP IC

NC TBC NC TBC

Le
ga

l a
nd

 F
in

an
ci

al 15 LF9
Existence of Memorandum of Understandings 
(MOUs) or legal agreements on the transboundary 
aquifer system 

       

16 LF10

Existence of coordinated cross-sectoral 
groundwater policies (environmental, energy, 
agriculture, industry, health, tourism, and spatial 
planning and land use)

       

17 LF11 Existence of transboundary water dispute or 
conflict resolution mechanism        

18 LF12 Provisions for equitable groundwater extraction 
based on land area and population        

In
st

itu
tio

na
l

19 I1 Existence of groundwater investigation and 
monitoring institutions        

20 I2 Existence of groundwater regulatory and 
management institutions        

21 I3
Provisions for formal or informal community-based 
inclusive groundwater utilization and management 
entities 

       

22 I4 Presence of formal transboundary groundwater 
cooperation and coordination institution        

23 I5 Presence of transboundary groundwater financing 
institutions        

O
pe

ra
tio

na
l 24 O1 Transparency in groundwater services for all 

consumers        

25 O2 Existence of groundwater-management action plan        
26 O3 Notification mechanism for transboundary impacts        

27 O4
Arrangements for collaborative governance 
dynamics between the resource-sharing 
transboundary states
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TGGI State of Transboundary 
Groundwater Governance Description

0 Non-existent state 

At this level, all aspects of transboundary 
groundwater governance face a significant 
absence of foundational elements with gaps in 
addressing the complex challenges associated 
with the sustainable governance of the 
transboundary aquifer system.

0 < TGGI <= 1

TGGI closer to 1 refers to an 
incipient state, while a value 
between 0 and 1 indicates 
a position that is toward the 
incipient state.

Stepping into the early stages, this 
state reflects limited efforts toward good 
groundwater governance and a phase of 
budding developments in transboundary 
groundwater governance.

1 < TGGI <= 2

TGGI closer to 2 refers to an 
acceptable state, while a value 
between 1 and 2 indicates a 
position that is towards the 
acceptable state.

This state reflects a moderate level of 
development across all dimensions of 
transboundary groundwater governance 
representing a satisfactory baseline for 
comprehensive transboundary groundwater 
governance.

2 < TGGI <= 3

TGGI closer to 3 refers to an 
optimal state of transboundary 
groundwater governance, 
while a value between 2 and 
3 indicates a position that is 
towards the optimal state.

This state reflects optimal development 
and efficiency across all dimensions and 
an exemplary standard for the sustainable 
governance of the transboundary aquifer 
system.
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Figure: Average Groundwater level in monitoring wells in Banke district from year 2001-2023.
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Satellite Resolution Comments

SRTM DEM 90 m and 30 
m Captures elevation data of an area

Sentinel-2 10-20 m 
Land use and land cover data of the area; soil, water, and vegetation 
cover. It offers water, soil, and vegetation cover information for 
inland waterways, land, and coastal regions. 

IRS-LISS 3 24 m Land and water resource management data is provided with this 
satellite.
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MODIS 250 m, 500 
m and 1 km

Data related to precipitation, meteorological data, and land use and 
land cover data. enhances understanding of global processes like 
atmospheric profiles, clouds, evapotranspiration, and more (Jioa 
et al., 2015). While not directly evaluating groundwater resources, 
MODIS data aids in groundwater modeling by providing inputs.

Landsat 30 m
Data related to land cover, vegetation and water resources. The 
Landsat satellite is a useful tool for assessing groundwater as well, 
although compared to MODIS, it has a higher resolution of 30 m 
(Elmahdy et al., 2020)

GRACE and 
GRACE FO 300 km

Gravity Recovery and Climate Experiment provide groundwater 
depletion and storage change (Mohanasundaram et al., 2021). 
Developed collaboratively by the US and German space agencies 
(DLR and NASA), the GRACE twin-satellite mission was launched 
on March 17, 2002. With spatial scale of 50,000 km2 aligning with in-
situ runoff data and hydrological model outputs, despite its coarser 
geographical resolution (300 km).
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Model Description
USGS Modular 
Groundwater Flow Model 
(MODFLOW)

Developed by the United States Geological Survey (USGS). 
MODFLOW is an extensively employed numerical modeling 
software for simulating groundwater flow in aquifers.

Finite Element Subsurface 
Flow System (FEFLOW)

FEFLOW, developed by the Danish Hydraulic Institute (DHI), 
is a versatile software tool for simulating groundwater flow 
and transport in both saturated and unsaturated subsurface 
environments.

Groundwater and Surface-
water FLOW (GSFLOW)

GSFLOW is a joined surface-water-groundwater flow model 
developed by the USGS. It integrates MODFLOW with the 
Precipitation-Runoff Modeling System (PRMS) to simulate 
groundwater and surface water interactions.

PHREEQC and HST3D 
(PHAST)

PHAST, developed by the USGS, is a software package 
for simulating geochemical reactions, solute transport, and 
groundwater flow in aquifers. It integrates the PHREEQC 
geochemical modeling program with the HST3D groundwater 
flow and transport model.

Saturated-Unsaturated 
Transport (SUTRA)

SUTRA is a solute transport and finite element groundwater flow 
model developed by the USGS. It is capable of simulating both 
saturated and unsaturated flow processes in porous media.

SWAT-MODFLOW (SWATmf)
It stands out as a semi-coupled model used for assessing future 
streamflow patterns, reservoir storage, and groundwater levels 
under various management practices and climate scenarios.

FREEWAT and ModelMuse Open-source tools like FREEWAT and ModelMuse significantly 
support groundwater modeling efforts.
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Table 1: Concentration limits for various water quality standards

S.N. Parameter Units Standard limit
Recommending 

agency
Unit 

weightage
1 pH  6.5 - 8.5 NDWQS 0.1

2 Turbidity NTU 5 (10) NDWQS 0.1

3 Total Alkalinity mg/l 500 NDWQS 0.1

4 Total Hardness mg/l 500 WHO 0.1

5 Chloride mg/l 250 NDWQS 0.1

6 Ammonia mg/l 1.5 NDWQS 0.1

7 Nitrate mg/l 50 NDWQS 0.1

8 Phosphate mg/l 5 WHO 0.1

9 Iron mg/l 0.3 (3) NDWQS 0.1

10 Manganese mg/l 0.2 NDWQS 0.1

11 F. Coliform CFU/100 ml 0 NDWQS 0
 Total weightage    1
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Figure 1: Depth of groundwater below the ground surface
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𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

= 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  ×  100 % 

The error percentage of the citizen scientist measurements is determined by the following 

formula: 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑁𝑁𝑁𝑁. 𝑜𝑜𝑜𝑜 𝑐𝑐ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  ∗ 100% 

2.3.2. Spatial and temporal variation of shallow groundwater level 

The spatial and temporal, i.e. monthly, seasonal, and annual variation of the groundwater levels 

of Kathmandu Valley was analyzed using the collected data. The monthly variation of the 

groundwater level was determined by preparing the heat map using Python. Likewise, the 

seasonal and annual variation of the groundwater level was evaluated by preparing interpolated 

maps in QGIS.   

2.3.3. Linkage between land use and groundwater 

Based on the land use map of 2020, the land use surrounding each monitoring well was 

determined using buffering techniques in ArcGIS. The zone of contribution for recharge was 

defined as a radius of 200 meters, within which the dominant land use was identified as the 

land use corresponding to the respective wells. In order to understand the relationship between 

land use and groundwater, a box plot was generated using Python. 

3. Result and Discussions 

3.1. Performance of the citizen scientists 

Figure 3 (a) illustrates the percentage regularity of citizen scientists involved in monitoring. 

The graph displayed a high interquartile range of 68% in 2020, followed by approximately 

30% in 2023, indicating significant variability in regularity. The COVID-19 pandemic notably 

impacted data regularity among citizen scientists in 2020. In 2021 and 2022, motivational 

approaches such as reminder texts, follow-up calls, and acknowledgment texts led to an 

increase in regularity (average data regularity > 91%). Additionally, improved data 

dissemination and the distribution of water quality reports from monitoring wells further 

encouraged citizen scientists. However, in 2023, regularity decreased once again (average data 

regularity = 83.46%), possibly due to decreased motivation among previous citizen scientists. 

To address such decline, citizen scientists' motivation approaches should be undertaken 

regularly. Likewise, figure 3 (b) depicts the error percentage of citizen scientists that sent 

incorrect data, which was corrected during quality control by S4W-Nepal members i.e., 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

= 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  ×  100 % 

The error percentage of the citizen scientist measurements is determined by the following 

formula: 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑁𝑁𝑁𝑁. 𝑜𝑜𝑜𝑜 𝑐𝑐ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  ∗ 100% 

2.3.2. Spatial and temporal variation of shallow groundwater level 

The spatial and temporal, i.e. monthly, seasonal, and annual variation of the groundwater levels 

of Kathmandu Valley was analyzed using the collected data. The monthly variation of the 

groundwater level was determined by preparing the heat map using Python. Likewise, the 

seasonal and annual variation of the groundwater level was evaluated by preparing interpolated 

maps in QGIS.   

2.3.3. Linkage between land use and groundwater 

Based on the land use map of 2020, the land use surrounding each monitoring well was 

determined using buffering techniques in ArcGIS. The zone of contribution for recharge was 

defined as a radius of 200 meters, within which the dominant land use was identified as the 

land use corresponding to the respective wells. In order to understand the relationship between 

land use and groundwater, a box plot was generated using Python. 

3. Result and Discussions 

3.1. Performance of the citizen scientists 

Figure 3 (a) illustrates the percentage regularity of citizen scientists involved in monitoring. 

The graph displayed a high interquartile range of 68% in 2020, followed by approximately 

30% in 2023, indicating significant variability in regularity. The COVID-19 pandemic notably 

impacted data regularity among citizen scientists in 2020. In 2021 and 2022, motivational 

approaches such as reminder texts, follow-up calls, and acknowledgment texts led to an 

increase in regularity (average data regularity > 91%). Additionally, improved data 

dissemination and the distribution of water quality reports from monitoring wells further 

encouraged citizen scientists. However, in 2023, regularity decreased once again (average data 

regularity = 83.46%), possibly due to decreased motivation among previous citizen scientists. 

To address such decline, citizen scientists' motivation approaches should be undertaken 

regularly. Likewise, figure 3 (b) depicts the error percentage of citizen scientists that sent 

incorrect data, which was corrected during quality control by S4W-Nepal members i.e., 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

= 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  ×  100 % 

The error percentage of the citizen scientist measurements is determined by the following 

formula: 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑁𝑁𝑁𝑁. 𝑜𝑜𝑜𝑜 𝑐𝑐ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
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2.3.2. Spatial and temporal variation of shallow groundwater level 

The spatial and temporal, i.e. monthly, seasonal, and annual variation of the groundwater levels 

of Kathmandu Valley was analyzed using the collected data. The monthly variation of the 

groundwater level was determined by preparing the heat map using Python. Likewise, the 

seasonal and annual variation of the groundwater level was evaluated by preparing interpolated 

maps in QGIS.   

2.3.3. Linkage between land use and groundwater 

Based on the land use map of 2020, the land use surrounding each monitoring well was 

determined using buffering techniques in ArcGIS. The zone of contribution for recharge was 

defined as a radius of 200 meters, within which the dominant land use was identified as the 

land use corresponding to the respective wells. In order to understand the relationship between 

land use and groundwater, a box plot was generated using Python. 

3. Result and Discussions 

3.1. Performance of the citizen scientists 

Figure 3 (a) illustrates the percentage regularity of citizen scientists involved in monitoring. 

The graph displayed a high interquartile range of 68% in 2020, followed by approximately 

30% in 2023, indicating significant variability in regularity. The COVID-19 pandemic notably 

impacted data regularity among citizen scientists in 2020. In 2021 and 2022, motivational 

approaches such as reminder texts, follow-up calls, and acknowledgment texts led to an 

increase in regularity (average data regularity > 91%). Additionally, improved data 

dissemination and the distribution of water quality reports from monitoring wells further 

encouraged citizen scientists. However, in 2023, regularity decreased once again (average data 

regularity = 83.46%), possibly due to decreased motivation among previous citizen scientists. 

To address such decline, citizen scientists' motivation approaches should be undertaken 

regularly. Likewise, figure 3 (b) depicts the error percentage of citizen scientists that sent 

incorrect data, which was corrected during quality control by S4W-Nepal members i.e., 
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land use corresponding to the respective wells. In order to understand the relationship between 
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The graph displayed a high interquartile range of 68% in 2020, followed by approximately 

30% in 2023, indicating significant variability in regularity. The COVID-19 pandemic notably 

impacted data regularity among citizen scientists in 2020. In 2021 and 2022, motivational 

approaches such as reminder texts, follow-up calls, and acknowledgment texts led to an 

increase in regularity (average data regularity > 91%). Additionally, improved data 

dissemination and the distribution of water quality reports from monitoring wells further 

encouraged citizen scientists. However, in 2023, regularity decreased once again (average data 

regularity = 83.46%), possibly due to decreased motivation among previous citizen scientists. 

To address such decline, citizen scientists' motivation approaches should be undertaken 
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