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Abstract

In recent decades, the world has grappled with an increase in severe floods and
recurrent droughts, attributed to both climate change and human interventions.
The imperative to balance the burgeoning needs of a growing population with
sustainable resource use has accentuated the importance of understanding the
interplay between anthropogenic influences and climatic shifts. Evaluating the
effects of land use dynamics and the construction of dams is essential to this
understanding. This review analyzes 200 peer-reviewed articles focused on
climate change, land use dynamics, and the interplay between climate and land
use, sourced from Scopus, ScienceDirect, and Web of Science. The majority
of these studies investigate the impact of climate and land use changes on
river hydrology. By examining a diverse range of models and methodologies,
we aim to synthesize current knowledge and identify key trends and gaps in
the literature. This review provides a comprehensive overview of how changes
in climate and land use are influencing river hydrology, offering insights into
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both the direct and synergistic effects of these factors on water resources.

Introduction

Over the past decades, worldwide shifts in
streamflow patterns have been observed, driven by
diverse factors such as alterations in meteorological
variables (precipitation, solar radiation, temperature,
wind) and landscape variables (land use/land cover,
topography, soil type). These changes, resulting in
either increased or decreased stream flow, have

been extensively studied by researchers.?3# The
increased frequency of droughts and floods around
the world has been strongly correlated with changes
in land use and climate.>678 Studies emphasize
the impact of altering land use, encompassing
urbanization, deforestation, forest management, and
agricultural intensification, on catchment hydrology,
affecting evapotranspiration, infiltration, groundwater
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recharge, and surface runoff.®10111213 These findings
are valuable for flood prediction, soil and water
conservation, sediment loss analysis, and biodiversity
studies.™ Climate variability's effects on hydrological
regimes involve a coupling between climate and
hydrological models, influencing the spatial-temporal
patterns of hydrology globally.s-16:17.18.19

Recent studies have explored the effects of climate
change and changes in land use on river hydrology,
considering inputs, outputs, accuracy, complexity,
approaches, and spatiotemporal scales. Models are
categorized into empirical, conceptual, physically-
based, and hybrid models based on data dependence
and simulation of physical processes.

Empirical models, relying on existing data without
considering hydrological characteristics, offer a simple
approach.20212223 Conceptual models, combining
physical-based and empirical aspects, estimate
effects on streamflow generation.?* Physically-based
models, representing actual phenomena through
mathematical equations, include well-known models
like MIKE SHE, VIC, HEM-HMS, SWMM, SWAT, and
Xiangjiang models.22526.27.2829.30,31,32.33

The goal of this review of the literature is to give an
extensive overview of earlier research assessing
how various models can be used to assess how land
use dynamics and climate change affect river
hydrology. The analysis categorizes objectives into
Land use change (LUC), climate change (CC), and
combined land use and climate changes (CLUC),
offering insights into their roles in affecting global
water balance within river basins. The impact of this
literature review lies in its ability to inform and guide
policy, enhance water resource management, support
climate adaptation, promote sustainable development,
and foster international collaboration. This study
provides valuable insights that can drive effective
actions and strategies to address the pressing
challenges of water resource management in a
changing climate

Methodology
Identification
In this comprehensive study, we gathered
approximately 520 literature articles focusing on the
implications of climate change on land use dynamics
on river hydrology from various repositories such as
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Scopes, Science Directory, and Web of Science.
These repositories were chosen due to their
extensive coverage of scientific publications, high-
quality peer-reviewed articles, and relevance to
environmental and hydrological research. The initial
collection of 520 articles encompassed research
from national, global, and local perspectives,
providing a broad understanding of the topic across
different scales.

Screening

After the initial identification, we proceeded with the
screening phase. We removed 55 duplicate articles,
resulting in a total of 465 unique articles. Subsequently,
we excluded 97 articles that lacked relevant records
related to land use and land cover (LULC) and
climate results. This exclusion process left us with
368 articles for further assessment

Eligibility

During the eligibility phase, we applied more
stringent qualitative criteria to ensure the relevance
and quality of the selected studies. Out of the 368
articles, 168 were removed because they did not
meet the established qualitative standards for this
review. These standards included the robustness
of methodologies, the relevance of findings to the
review topic, and the clarity of data presentation.

Included

Ultimately, 200 articles were selected for in-depth
analysis. Among these, 42 articles focused solely
on climate change, 82 on LULC changes, and 76
on the combination of LULC and climate change, as
illustrated in Figure 1.

Employing various methodologies, we diligently
analyzed these articles and categorized them
into three distinct groups based on the specific
impacts they explored. Our goal was to analyze
and comprehend how each of these influencing
elements, both separately and collectively, affected
shifts in the patterns of river streamflow.

To achieve this, we adopted a strategic approach
to effectively isolate and differentiate the influence
of land use dynamics from changes in climate
on river hydrology. By thoroughly reviewing
each article, we summarized their key findings,
methodologies utilized, data sources, and any
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inherent limitations. This rigorous process enabled
us to identify common themes and patterns within
each category, providing valuable insights into the
complexities of the subject matter. Additionally, we
conducted a thorough synthesis of the quantitative
data available in the articles. Employing meta-
analysis techniques, we synthesized the results to
gain a more comprehensive overview of the overall
impacts and ensure robust conclusions were drawn
from the data. A pivotal aspect of our analysis was
the comparison of methodologies employed within
each category. Understanding the strengths and
weaknesses of the various strategies employed by,
researchers made it possible for us to evaluate the
validity and dependability of the findings, leading to
a more nuanced interpretation of the findings. As
we examined each category in-depth, distinct trends
and patterns emerged regarding changes in river
streamflow magnitude, frequency, and seasonality.
These observations provided valuable evidence
to support our investigation into the association
between land use dynamics and climate change and
how they both affect river hydrology.
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Crucially, our study considers potential confounding
factors, such as alterations in precipitation patterns,
land management practices, vegetation cover, and
urbanization. By acknowledging and considering
these influential factors, we aimed to ensure a
comprehensive precise assessment of the effects
on the patterns of river streamflow. In the end, our
research provides distinct and convincing findings on
the independent and combined impacts of land use
dynamics and climate change on river hydrology. Our
findings emphasize the significance of incorporating
these factors into sustainable water resource
management strategies. Armed with these valuable
insights, we provide informed recommendations for
policymakers, land managers, and researchers on
adaptation and mitigation measures. By addressing
the impacts identified in our study, we aim to
contribute to effective strategies for managing and
safeguarding river ecosystems in the face of ongoing
environmental changes.
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Fig.1: Schema chart for the systematic literature review in the studies
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It is important to acknowledge that our study
does have limitations, and we have transparently
discussed these shortcomings. Nevertheless, we
believe our research serves as a crucial foundation
for advancing the understanding of the intricate
interplay between climate change, land use
dynamics, and river hydrology, paving the way for
further investigations and policy interventions in this
critical field.

Impact of Climate Change and Land use
Dynamics on Water Resources

Effect of Climate Change on Water Resources
Changes in temperature and precipitation lead to
changes in climate, soil moisture, runoff, water
quality, evapotranspiration, wind stress, and ocean
properties.®*35%.37.38 These lead to Patio-temporal
variability of precipitation intensity, the occurrence
of natural hazards, and extreme rainfall events
influenced by increased flood events. These
are affected by economic conditions, ecological
processes, environmental policies, and the natural
development of ecosystems.?® To this problem,
many researchers have used different models to
comprehend the effects of climate change on river
hydrology, which is helpful for policymakers as
well as for the design and implementation of water
resources projects. 403441

The study's location is the only factor that influences
the estimate of how climate change would affect
river hydrology. The mean temperature will rise by
approximately 1.1 to 6.4 C by 2100, according to
the Intergovernmental Panel on Climate Change
(IPCC) report (IPCC, 2014).2 According to the
Fifth Intergovernmental Panel on Climate Change
(IPCC, 2013), there will be a 2.3-5.5°C increase
in the global mean temperature. This will cause
changes in precipitation to lead to increased
evapotranspiration, which will have an impact on
water supplies. Woldesenbet et al. “ concluded that
the Upper Blue Nile basin in Ethiopia saw a 51.3%
increase in surface runoff between 1986 and 2010,
which was a result of LULC change. Sinha and Eldho
et al.* investigated how LULC dynamics affected
streamflow in the Netravati River Basin, India, and
found that from 1979 to 2012, discharge rose by
7.88% as a result of LULC dynamics. Givati et al.*
assessed how the Upper Jordan basin's streamflow
would be affected by climate change; under RCP

4.5 and RCP 8.5, respectively, streamflow would be
reduced by 11% and 16% shortly and by 16% and
44% in the distant future.

According to Hengade & Eldho,*” the Ashti sub-basin
of the Godavari in India had a significant reduction in
surface runoff as a result of the basin's decreasing
rainfall. Agrawal et al.*® determined that minor
variations in climate lead to significant variations in
hydrology. Also, they concluded that increases in
urbanization temperature, may poes to increased
runoff and cause an urban flood. Khoi, and Suetsugi
49 resulted in around 4 to 6% annual streamflow
decrease in the future in Be River watershed, in
Vietnam's southern area because of future climate
scenarios. Vu et al.*° revealed how the Dakbla River
Basin's drought was assessed using the SWAT
model and standardized runoff index, which led to
the occurrence of extreme drought occurrences
there following powerful El Nino periods. Using three
scenarios of greenhouse gas emissions (A1B, A2,
and B), the third Intergovernmental Panel on Climate
Change (IPCC) reported on changes in the local
hydrology and discovered that the Chao Phraya
basin saw an increase in stream flow of about 41.9%
as a result of various climate scenarios. Shrestha et
al.®" analyzed the effects of climate change on the
Nam Ou basin streamflow using downscaled climate
data from PRECIS and GCMs, which were used in
the SWAT model. They concluded that future climate
change will cause the annual simulated streamflow
to drop by between 17 to 66%.

Numerous investigations have been carried
out to evaluate the climate variability impact on
river hydrology using different models?253:54.55.56.57
in different river basins such as the Samat
watershed®® and Bangpakong River basin 60 of
Thailand and Johor, Kelantan, and Bernam River
basins of Malaysia®'52

Impact of Land use Dynamics on River Hydrology
The hydrological cycle is impacted by land use
change, one of the major human activities. Therefore,
it is crucial to comprehend the implications of land-
use change (also known as "land use science")
to decrease the effects of human-environment
interactions. One of the main variables affecting
anthropogenic activity and changes in the natural
environment is land use change (LUC) and it needs
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to be carefully described to understand the impacts
of such changes.®® LUC encompasses land cover
changes because the term refers to alterations
that don't involve further human exploitation of
the land.®* LUC has a significant impact on (and is
impacted by) world climate change and the ensuing
ecological reactions to environmentally friendly
growth.®>% The majority of the developing nations
in the world are going through fast LUC, which is
being caused by both population expansion and
lifestyle changes that accompany income growth.
When there is not enough arable land available,
residents may choose an unsuitable plot of land with
low agricultural production, which contributes to the
geographical patterns of LUC. The difficulties caused
by inefficient land use, such as the conversion
of inappropriate land to agriculture, which lowers
agricultural production and jeopardizes food security,
are currently of concern to both society and the
government. Landscapes change over time and
across space.®” The International Geosphere-
Biosphere Program and the International Human
Dimensions Program on Global Environmental
Change developed a study planin 1995 to delve into
the possible effects of LUC on ecosystem services
and, eventually, socio-economic development. Then,
this started to gain popularity as a study topic.®85°

By altering hydrological factors such as surface runoff,
percolation, lateral flow, and evapotranspiration, the
LULC change alters how precipitation becomes
runoff.” Understanding how land use dynamics affect
river basin hydrology is essential for developing an
efficient Integrated River Basin Management System
(IRBM). This is mostly because different types of land
use have different effects on the hydrological
components. For instance, urban areas have lower
infiltration rates than forest areas, which results in
higher surface runoff during heavy precipitation
events. Therefore, while maintaining a sufficient
water supply, implementing the smart land use plan
to control the growth of land within a river system
could help lower the risk of water scarcity and
flooding. SWAT model use is land use dynamics
analysis, which may be used to assess how changes
in land use dynamic situations affect the hydrological
cycle and water quality. Homdee et al.”! used five
hypothetical scenarios to investigate how model
findings will react to different changes in land use
in the Chi watershed, Thailand: Deforestation,
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increased farmland, conversion of farmland to rice
paddies, conversion of farmland to energy crops, and
conversion of farmland to sugarcane plantations. All
of the several land-use situations that were simulated
had varying effects; for example, the farmland-to-
sugarcane plantation scenario significantly showed
seasonal evapotranspiration impact but very minor
variations in water output.

Using the SWAT model, Wangpimool et al.”
evaluated streamflow fluctuations from reforestation
in the upper Nan River basin, Thailand, based
on three scenarios: Range grass and field crops;
a better spread forest; and both field crops and
distributed forests. They found that during the
wet and dry seasons, the first scenario reduced
streamflow, the third scenario increased streamflow,
and the second scenario showed no discernible
effects. Sunandar et al.”® determined the optimal land
use management approach to decrease suspended
silt without compromising the water supply in the
Asaham watershed, Indonesia. They achieve this
optimization using a linear program query approach,
and several restriction functions based on the
present land use conditions. They discovered that
by reducing dry land farmland and increasing
forest and plantation areas, the perfect situation
could be achieved. Tarigan et al.”* measured the
minimal forest cover required for Jambi province’s
watersheds in Indonesia, to ensure adequate
ecosystem services for local water supplies. They
discovered that protecting at least 30% of the forest
canopy was necessary for the watersheds to sustain
these ecosystem services. In Indonesia, Prasena
and Shrestha,”® Marhaento et al.,’® and Noda et al.””
assessed the effects of shifting land usage on runoff
in the Samin watershed and the upper Citarum
watershed, respectively. They concluded that the
hydrological cycle will be significantly altered by the
changes in land use. Three of the five SWAT studies
carried out in the Philippines exclusively focused on
evaluating the consequences of land use change.
The first study focused on runoff and sediment
discharge was examined by Alibuyong et al.”® in
the subwatershed of the Manupali River watershed.
The SWAT-based land use scenarios indicated that
sediment output increased by 200-273%, while
runoff volume increased by 3-5%. Similar research
by Palao et al.”® in the Layawan watershed found that
turning forest land into agricultural land could boost
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sediment output by up to 106%. Lastly, Boongaling
et al.® evaluated how land use patterns affected the
hydrology of the Calumpang watershed in Batangas.
The SWAT modeling predicted a 5% and 6% rise in
surface runoff and sediment output, respectively, but
an 11% decrease in baseflow.

Sinha RK et al.8' used the SWAT model to forecast
how changes in land use/land cover (LULC) and
climate will affect streamflow. They concluded
that LULC changes—specifically, a decrease in
grassland and forest areas coupled with an increase
in urban and agricultural areas from 2000 to 2050—
would lead to increased mean annual streamflow.
Conversely, they found that climate changes under
RCP 4.5 and RCP 8.5 scenarios would decrease
streamflow. Overall, they found that the combined
impact of climate variability and LULC change would
result in reduced streamflow.

Effect of the Combination of Climate Change and
Land use Dynamics on Hydrology

In recent years, few studies have estimated
altering in river hydrology due to the Variability of
climate and Land Use dynamics using different
prototypes?:82.83.84.85.86.87.88.89 These studies are
useful for understanding river hydrology, aiding
decision-makers and policymakers in more effective
watershed planning. However, these studies vary
significantly in methodologies and are quite different
from one place to another place, and one model to
another model to estimate the impact of altering land
use and climate.

For instance, Aboelnour et al,° used the Mann-
Kendall test and SWAT models to discern trends in
metrological data and Analyze the impact of land
use patterns and climatic variability on stream flow
in the Walze Creek watershed. they concluded
that the changes in stream flow and baseflow were
more affected by urbanization than the alterations in
climate and also, observed a decline in the average
annual water yield by 25.7%, baseflow by 67.9%,
and evapotranspiration by 4.3% acknowledging the
combined effects of climate and land use changes.
Zhou et al.®" used three quantitative methods,
e.i. SWAT model, linear regression, and Climate
elasticity to evaluate the impact of LULC dynamics
and climate change on streamflow in Dongjiang
River Basin, they concluded that around 58% of
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the alterations in runoff were attributed to climate
change, primarily driven by increased annual
temperatures. Additionally, around 42% of the runoff
changes were ascribed to human activity, mainly the
conversion of agricultural and forest land to urban
areas. Tan et al.®? evaluated the impact of land use
dynamics and climate change, both separately and
in conjunction on the Johor River basin’s hydrology
in Malaysia from 1975 and 2004 using Man-Kendall
and Sen’s slope tests along with the SWAT model,
results showed the coupled effect of land use
and climate variability led to increased in annual
streamflow by 4.4% and increase in evaporation by
1.2% and also observed that compared to land use
dynamics, climate variability had significantly more
impact on streamflow and evaporation.

Sayasane et al.®® examined the potential impact of
land use patterns and climate change on streamflow
in the Nam Xong watershed in the Lao PDR. They
employed the PRECIS model to estimate future
climate scenarios and utilized the logistic regression
method to project the future land use pattern, results
showed future streamflow is expected to be reduced
by 11.7% to 12.2% in the middle of the watershed,
and also overall watershed streamflow is projected
to decline by 0.7% to 1.9% over the next 20 years
due to the conversion of shrub and woodland into
agriculture land.

In Myanmar, Shrestha and Htut 94 examined
the combined impact of land use dynamics and
projected climatic variability on the hydrology of the
Bago River. They used projected climate scenario
data from Representative Concentration Pathways
(RCP) (RCP4.5 and RCP8.5) for the 2020s, 2050s,
and 2080s, along with projected land use generated
by the CLUE-S model, results showed the annual
streamflow is expected to increase by around
68% in the near term, due to increasing in annual
precipitation (30 to 125 mm) and temperature (0.7
— 3 degrees Celsius), and also increased agriculture
land, but climate variability has a more significantly
influenced on streamflow than land use dynamics.
Setyorini et al.% discovered a slight increase in
evapotranspiration, while surface runoff, lateral flow,
groundwater, and streamflow were all reduced due
to the impact of combined climate variability and
land development in the Upper Brantas River basin,
Indonesia. In the 3S river basin (Sekong, Sesan,
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and Srepok), Trang et al.*® assessed the combined
effects of land use dynamics and climate change
on hydrological fluctuations and nutrient production.
They employed two land use and two climate
scenarios (RCP 4.5 & RCP 8.5) data from five
GCM (General Circulation Model) simulations for
the 2030s, 2060s, and 2090s, resulting the yearly
streamflow is expected to grow and decrease,
respectively, throughout the wet and dry seasons.

Kim et al.?” examined the impact of LULC and climate
change on river hydrology in the Hoyea River basin,
Korea, using sing-type RCP emission scenarios,
results revealed that the impact of LULC on runoff
was less significant than the climate variability on
river hydrology. A few other research on the effects
of land use dynamics and climatic variability on water
resources and their results are shown in Table 1.

Table. 1: The effect of changing Land Use and climate on River Hydrology

Reference The primary goal of Hydrological Major findings
the research model used
Malede, D.A.® Evaluated the integrated and  SWAT Increased surface runoff & decreased
Individual Effect of climate water yield, baseflow, and ET owing to
variability and LULC dynamics LULC dynamics like urbanization &
on Birr watershed’s runoff of growth of agricultural land and the
the Abbay basin in Ethiopia. decrease in forest, bushland, and
grassland.
Increased surface runoff and
decreased ET due to both changes in
Climate and LULC
Pal SC Climate change risks and land Flood The study's findings show that the
use practices make India more susceptibility = amount of rainfall on average each
susceptible to future floods. model month will rise by roughly 40 to 50 mm
by 2100, while 0.071 million square
kilometers of natural vegetation will be
converted into agricultural and built-up
land, and the area affected by catastr-
ophic flood events would grow by up to
122% (0.15 million square kilometers)
during the next few decades.
Sharma A'® Analyze the impact of climate SSC, SMSC, The findings demonstrated that
variability and LULC dynamics SWAT LULCC has less effect on varying
on Dharoi River’s hydrology parameters in the SWAT model than
and uncertainty in parameters Climate Change. Therefore, CC is the
main factor influencing the Dharoi
catchment’s streamflow, which increa-
sed four times between 2005-2014
compared to 1995-2004.
Li and Fang'" Analyzing the effects of climate SWAT Annual average precipitation is

variability on Mun River’s
streamflow in Southeast Asia
using RCP scenarios
Assessment of impact on
streamflow induced by climate
change in Ghana basin, West

Awotwi et al.1%?

SWAT

projected to increase during the period
of 2060s to 2080s and decrease in
2030s under scenarios

Under RCP4.5, Annual streamflow
decreased and monthly streamflow
varied from around -15% to 23%.



Lopes et al.'®

Getachew
et al."®

Kibii et al."®

Wang et al.'%

Araza et al.’""

Kumar and
Bhattacharjya'®®

Puno et al."®

Pokhrel "0
Woldesenbet
etal. "

Briones et al.'?
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Africa using RCP 4.5 & 8.5
scenarios

Analyzing the effects of SWAT
changes in land use on the
river hydrology, southern
Brazilian Amazon

Evaluated the effect of
changing LULC and climate
on streamflow in Ethiopia's
Lake Tana basin under RCP
scenarios

Examining how the Kaptagat
watershed's river streamflow is
impacted by land development
and climate change
Urbanization's impact on the
Yitong River Basin's hydrology

SWAT &
IPEAT

SWAT

SWAT

Changes in streamflow that are SWAT
likely to occur as a result of

changes in LULC and climate,

and the risk they pose to the
Philippines' Abuan watershed's

water resources

Using GIS, SWAT & HEC-HMS SWAT and
HEC-HMS

models were evaluated in the
Bhagirathi-Alkhnanda River
basin in India

Evaluated the effect of climate
variability and LULC trend in
Muleta Watershed’s hydrology,
Philippines

SWAT

Analyzing the effect of LULC
dynamics on sediment yield
and streamflow of Bagmati
River basin, Kathmandu, Nepal
Examination of the impact of
LULC dynamics on the Upper
Blue River Nile Basin’s
Hydrology, Ethiopia.

SWAT

SWAT

In Palico Watershed, Analysing SWAT
the impact of LULC changes on
river hydrology, Philippines

Conversely, under RCP8.5, annual
streamflow increased & monthly
streamflow varied from approximately
-24% to 24%

Surface runoff increased as a result
of increased agricultural land &
decreased forest land

Increased ET, streamflow, and
Baseflow due to significantly increased
cropland and urban areas and also
around 25% precipitation increased
due to climate variability

Rainfall, baseflow, and streamflow all
decreased due to changes in land use,
including the decline in forest cover
and an increase in urbanization.

The reduction of forest land by 11.7%
and significant changes in wetlands
and bare sands as decreased caused
stream flow to increase.

Reduced streamflow, precipitation,
groundwater recharge, and ET due to
the effect of climate variability and
LULC trend

The models underestimate peak
discharge but SWAT outperforms
HEC-HMS in the test

Increased surface runoff and decreased
replenishment of groundwater owing to
modification in LUCL, such as a 10%
reduction in forest cover and a drop in
rainfall as a result of the combination
of LULC and climatic variability
Increased streamflow by 27% and
decreased streamflow by 25% due to
increased built-up land by 6% from the
forest, scrub, agricultural land
Increasing the wet-season flow decre-
ases the scrubland and increases the
cultivation land causing to surface run
-off increase, while decreasing dry-
season flow lowers the groundwater
component.

Reducing grassland and forest cover
enhanced surface runoff but decreased
groundwater recharge and baseflow.
Conversely, increasing forest cover
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Zhang L et al''®* Analyzing of Climate variability Dyna-CLUE
and Markov
chain

and Land use dynamics on
Heihe River Hydrology, China

Ayeni et al. ™
variability on southwestern
Nigeria's surface water
resources

Evaluated the impacts of
climate variability on streamflow
of the Seyhan River Basin in
Turkey using downscaled data

Fujihara et al'*®

Davis Todd The evaluation of the impact of VIC
et al.'"® changes in climate by the
transformation of Landscape
on water resources
Wang"” Quantitative Methods and

Applications in GIS
Assessment of the effect of
climate variability and land use
pattern on the Suomo Basin’s
hydrology

Evaluation of the impact of

Chen et al."8

Belay et al,"®

Climate changes in Muga
watershed

Arfasa et al,'?°
the impact of LULC and
climate change on irrigation
water resources

Examining the effects of climate C-CAM

Hydro-BEAM

Integrated GIS

CA Markov,
separate and combined LULC/ SWAT

In West Africa, examination of ~Systematic
Review

and grassland increased baseflow
while decreasing streamflow.

ET increased & Stream flow decreased
due to Land use change but increased
streamflow and ET by Climate

change only

Decreased forest land caused to
stream flow increase.

Climate change leading to decreased
annual runoff of around 55%

Increased streamflow and baseflow
owing to the conjunction impact of
land use dynamics and climate
variability but significant influence of
LULC than climate

LULC dynamics cause Increased

flood peak of around 20% in 100 years

CHARM, SWAT Owing to LULC dynamics and climate

trends, 20% and 60-80% changes in
runoff, respectively

Increased surface runoff and
decreased lateral flow, groundwater
flow, and evapotranspiration in present
and future scenarios than baseline
due to LULC dynamics

Agriculture land and urban land
increased by 11.7% and 140% and
decreased forestland by 24.6% from
1997 to 2018 causing to decreased
water balance

Conclusion

The literature review scrutinized around 200 research
papers on the evaluation of the effect of LULC
dynamics and climate trends on river streamflow.
In this regard, the review has demonstrated
that recent research and past decades have
shown changes in streamflow may be simulated
using different models. The literature review has
revealed substantial insights into the effect of land
use land cover dynamics and climate change,
both independently and in conjunction on river
hydrology, which helps maintain proper water
management.. Most of the research scholars
employed various models for the evaluation of the

influence of LULC dynamics and climate variability
on stream flow. These models included a variety of
methodologies such as hydrological, empirical, and
evapotranspiration models. The synthesis of these
studies highlights both consensus and divergence in
findings across different models and methodologies.
Many studies agree that approximately 80%,
concur that climate change substantially affects
river hydrology. This impact is primarily through
alterations in temperature, precipitation patterns,
and evapotranspiration rates. For instance, studies
by the Intergovernmental Panel on Climate Change
(IPCC) and Woldesenbet et al. indicate a consistent
rise in temperature and variability in precipitation,
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leading to increased evapotranspiration and
altered streamflow patterns. Around 75% of the
studies reviewed agree that changes in land use,
particularly urbanization and agricultural expansion,
significantly influence hydrological components such
as surface runoff, baseflow, and evapotranspiration.
For instance, Sinha and Eldho’s investigation into
the Netravati River Basin and Sunandar et al.’s
work on the Asaham watershed consistently found
that agricultural expansion leads to increased
runoff and sediment yield. The extent of these
impacts can vary. For example, while Boongaling
et al. noted only a modest increase in surface
runoff in the Calumpang watershed, Malede et al.
reported substantial changes in water yield and
baseflow due to significant LULC changes in the
Birr watershed. Many studies have been carried out
that take extreme events into account, such as the
consequences of negative anthropogenic impacts.
An integrated modeling approach is valuable for
assessing how changes in land use may affect
water resources, according to a recent study. In the
publications reviewed, a recommendation emerged
suggesting the integration of a spatially explicit
land-use simulation model with a hydrological
model as a pragmatic approach to evaluate the
combined impacts of land-use change and climate
change on surface water dynamics. Because of the
variable reactions to LULC changes, a site-specific
investigation is required to fully understand their
consequences. For this type of research, a variety of
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factors, including LULC, the climate, the landscape,
and the soil's physical characteristics, must be
assessed. The outcomes underscore the necessity
for integrating diverse models to comprehensively
evaluate changes in surface water dynamics.
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