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Abstract

The estimations and projections for the global population show that the population is rising dramatically. Because of this,
meeting the demands for infrastructure, food, and domestic and industrial water for such a large population is a critical issue
for many nations. In addition, the quality and quantity of the water resources are declining as a result of overuse, climate
change, and population growth. These alarming situations require an intermediate intervention to conserve and optimize
the water uses. The conjunctive use of surface water and groundwater is an old but less emphasized technique practiced in
many countries to fulfill human needs partially. Conjunctive use of water has the advantages such as the utilization of poor/
saline water, maintaining the groundwater levels, reduction in waterlogging and secondary soil salination, reliable water
availability, and increase in crop production. In line with these advantages, this study reviews the literature regarding the
conjunctive use of surface and groundwater for sustainable development of irrigated agriculture. The global scenario of water
resources and how the conjunctive water use aids sustainable development is first reported. Climate change, groundwater
quality and conjunctive use for various basins are discussed in detail. The capabilities of various simulation—optimization
models to plan water resources efficiently are presented with case studies. Reported studies indicate that by practicing the
conjunctive use not only water resources are conserved but the issues like secondary soil salination and waterlogging are
alleviated. The research gaps and conclusions are provided based on the literature review that may be useful for policymakers
and researchers for future research and to plan the water resources sustainably.
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Introduction population, changing lifestyles, climate change, and rapid

urbanization [70], and its over-exploitation [5]. Such alarm-

Water resource sustainability is a major concern in light
of increased water demand for agricultural, industrial, and
household applications [105], as the world requires nearly
60% more food [37] in 2050 to feed the forecasted 9.7 bil-
lion population [112]. Day by day the water resources are
dwindling in quality and quantity wise [12] due to growing

P< Ranjeet Sabale
ranjeetsabale123 @ gmail.com

B. Venkatesh
venkatesh.nihr@gov.in

Mathew Jose
jose.nihr@gov.in
Visvesvaraya Technological University, Belagavi,

Karanataka 590018, India

Head Hard Rock Regional Centre, National Institute
of Hydrology, Belagavi, Karnataka 590019, India

ing situations require an intermediate intervention to con-
serve and optimize the use of water. Researchers throughout
the globe are working on the water scarcity issue; conjunc-
tive use of water is one of the practices that facilitate the use
of poor quality water in conjunction with good quality water
in irrigation and allied activities [17, 98]. Attempts are also
being made to increase food production by cultivating more
than three crops in a year [42]. This work presents a compre-
hensive review of the literature regarding conjunctive use,
simulation—optimization methods, computer-based model,
challenges, and future scope in conjunctive use of surface
water (SW) and groundwater (GW).

The conjunctive use means taking advantage of surface
and groundwater by interacting with them through the dif-
ferent processes [21]. The objectives of conjunctive use of
water are the supply of the adequate amounts of water for
both domestic and agricultural purposes also, the supply of
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water for different use throughout the year [86]. It has some
advantages like reduction in evaporation loss, increased
well water, reduced salinity [43, 63], and contamination of
water. It balances the groundwater table and hence reduces
waterlogging; also, conjunctive water use assumes aquifer
resilience [40, 63, 115]. In the current study, the main focus
is to educate, motivate, and aware people about water use.
Because more than 33% of the world’s agricultural land is
affected by waterlogging and salinity [50]. In India, about
6.727 million hectares of land is affected due to salinity and
2.46 million ha of land is waterlogged due to irrigation, as
per National Remote Sensing Centre Balanagar, Hyderabad.

The conjunctive use of water is a significant tool to over-
come water scarcity, draught conditions, and waterlogging
problems and a powerful tool to achieve sustainable develop-
ment goals [44, 46, 102]. Furthermore, research also showed
that properly managed conjunctive use practice prevents the
seasonal death of non-glacial linked rivers; this technique is
highly efficient for groundwater-stressed areas [33]. It is not
a new but less used tool; it is a lost opportunity for water
management in the developing world [38]. In India, the agri-
culture industry and domestic water supply mostly depend
on groundwater available [109]. The inadequate quantity of
water for irrigation results in either conventional or mixed
cropping. The relative yield of the crop can be increased by
planning conjunctive use optimally [66] using GMS soft-
ware to simulate the conjunctive water use model. World-
wide in (2012) over 324 million hector areas are equipped
with irrigation systems; out of 85%, i.e., 275 million hectors,
are irrigated (AQUASTAT-FAO’S U.S 2014), i.e., there is a
shortage of water for irrigation. The conjunctive use of water
is an efficient method to be used in deficit irrigation and
saves up to 22% of revenue [94]. The one source, i.e. surface
source, is not enough to fulfill water demand so there is a
need to use water conjunctively [111]. Conjunctive planning
of groundwater and surface water in irrigation command at
Odisha, India, was carried out through borewell, dug well,
and water harvesting structures [88]. Climate change and
the environment emphasize conjunctive uses of water to
fulfill irrigation demand [48]. The contaminated surface
water in conjunction with groundwater is used for irrigation
purposes in Tehran [58]. The surface water shows tempo-
ral fluctuations in terms of flood and drought; groundwater
is a spatial variable in quality and quantity with aquifers
[89]. Conjunctive use of water is optimized for irrigation
and water resource policies purpose by different simula-
tion/optimization programming techniques [7, 15, 24, 100,
101, 107, 117]. The conjunctive use of water can be used as
sustainable irrigation management for agriculture [67, 87,
103]. Sustainability index for water resource planning and
management used by Sandoval-Solis et al. [99] was enabled
to compare and evaluate different water policies. Falkenmark
and Rockstrom [34] and Kiptala et al. [60] had a concept
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of a new blue and green water paradigm for water resource
planning and management. An optimization model is used
to have better irrigation management for agriculture in the
future [67, 68, 77, 81]. The model for economy optimization
was also developed by Tyagi et al. [111]. The reclamation of
waterlogged and saline land is also achieved by conjunctive
use [111]. The conjunctive water optimization can be done
by a numerical model coupled with LP; the results show we
can increase pumping by 50% [11, 69, 84]. Water resource
and water supply management can be done by optimization
modeling [114]. It has been observed that GIS technology
plays an important role in sustainable management of water
resources [14].

Climate change has impacts on groundwater resources;
the areas those are over-populated are suffering through the
water scarcity issues, increased temperature, etc. To allevi-
ate such environmental issues, it is necessary to reduce gap
between water demand and supply by efficient irrigation
system. Conjunctive use of groundwater and surface water,
training farmers, public awareness for water conservation,
government policies, institutional issues and international
cooperation are the best management practices for sustain-
able water management [28]. The challenges like uncertain-
ties in prediction of future climate, modeling of hydrological
parameter, understanding between local climate and global
climate, collection and processing of metrological data
are encountered in groundwater management. The future
research in aforementioned scenarios is highly warranted.
The outcomes of such attempt will help researchers and
water managers to choose the best practices like managed
aquifer recharge (MAR) and conjunctive use of groundwater
and surface water for sustainable water resource manage-
ment [31]. The land-use pattern plays a vital role in water
resource management. Though the climate change has
reduced the average rainfall in southern Niger, the water
tables are continuously rising. From 1963 to 2007, it is
increased by 4 m [35]. Authors conducted a study on long-
term basis from 1950 to 2007 and tested conjunctive use sce-
nario. The outcomes show that changing the land use from
natural to agricultural land water tables are increased by
4 m. In addition, the quality of groundwater is improved, so
such practices will aid the sustainable water resource man-
agement. For successful conjunctive use practice, it is more
important to have a knowledge about quality of water [45].
Jurado et al. [55] conducted a literature study on water qual-
ity analysis in European context. Authors observed that the
effluent from wastewater treatment plant is the main source
of groundwater contamination. The findings of study reveal
that the natural attenuation capacity of river and groundwa-
ter is more and conjunctive use of water was beneficial. The
occurrence of emerging organic contaminants (EOCs) in
water source may have ill impact on human as well as aquatic
life. Currently there is limited understanding of groundwater
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pollution due to contaminants like urban sewage leakage
and bio-solids [62]. Rossman and Zlotnik [91] conducted a
review and suggested that in areas where recharge/discharge
rates and stream—aquifer interactions are highly uncertain
and a high degree of certainty in their estimates is sought
then think about upgrading to a physically based, integrated
surface—subsurface hydrologic model (where data permits)
that can treat all of the land phases of the hydrologic cycle.
The various optimization methods have been tried since last
three decades in conjunctive use modeling, to improve the
efficiency of modeling the genetic algorithm (GA), must
be combined with gradient-based optimization [119]. As
a result of the enormous and rapidly growing population,
groundwater has being extracted at an astronomical rate.
Hence, seawater is consequently introduced into groundwa-
ter in coastal regions, contaminating natural groundwater
supplies [85]. Therefore, future studies must be conducted
to map the intrusion of sea water in groundwater at coastal
region. After this robust literature survey, it is observed that
many studies are unable to clear the dynamic process at the
groundwater—surface water interaction and to combine spa-
tiotemporal data to physically based numerical models [23,
71]. The groundwater is most reliable resource than surface
water; the major challenge encountered in the utilization of
groundwater is accurate modeling of groundwater [95].

This work provides motivation, policy-making, and scope
for future enhancement in the domain of conjunctive water
use by addressing the research gaps. The present work is
organized in such a manner that it presents the global sce-
nario of conjunctive use; it covers the climate change and its
impact on water quality, simulation—optimization methods
for sustainable water management; it also covers the man-
aged aquifer recharge technique to aid the sustainable water
resource management and to conclude it suggests the future
scope in the conjunctive water use management.

Global scenario of conjunctive use

Globally, researchers and policymakers are thinking of
conjunctive use of groundwater and surface water as a new
paradigm in water resource management. As conjunctive
use is not a new technique but due to some technical, insti-
tutional, and data available issues, it is less emphasized
[52]. A coupled simulation optimization model was used
for sustainable water resource management for Zayan-
dehrud River basin in Iran. The study is basically designed
to optimize the operation of the reservoir, water alloca-
tion for irrigation, and withdrawal of water from river and
groundwater sources. The authors have used a water evalu-
ation and planning system (WEAP) simulation model with
a nondominated sorting genetic algorithm II (NSGA-II)
optimization algorithm to carry out the study. The study

concludes with 26% higher results than the previous study
performed on optimization—simulation of groundwater and
surface water. Moreover, this attempt showed an increase
in reservoir sustainability by 37% and sustainability of
aquifers by 16%. Du et al. [29] evaluated distributed poli-
cies for conjunctive use of surface water and groundwater
to manage water resources sustainably in large river basins
in China. Authors have framed the integrated model to
couple the water use by farmers and the physical-based
hydrological process. The study showed an increased in
groundwater table by 0.28 m by increasing groundwater
tax from dry to wet years.

Bhattarai and Shakya [13] conducted a review study on
the conjunctive use of groundwater and surface water for
sustainable development in Terai, Nepal. The authors have
an overview of literature related to conjunctive use in sus-
tainable irrigation. This work takes account of the United
Nations sustainable development goal-2 while executing the
work. The outcomes of the work are helpful to address the
research gap, challenges, and future direction in the conjunc-
tive use epoch. De Fraiture and Wichelns [39] explored the
various scenarios to ensure food security in the future. The
authors have examined four sets of scenarios by consider-
ing the variables as investment, rainwater availability, and
international trade. The study showed that the land and water
resources are sufficient to satisfy the global food demand,
provided that water resources must use conjunctively. Anwar
and Ahmad [8] conducted research to evaluate surface irri-
gation. The authors have used the furrow and border strip
irrigation method, canal water, and groundwater that have
been used conjunctively for irrigation. The findings of the
work suggest that furrow irrigation can give better perfor-
mance with low distribution uniformity.

In monsoonal climate regions, where the highest supply
usually occurs in the form of precipitation/runoff when the
water demand is lowest, it entails better management of rain
and soil water for more productive water use, whereas in
rainfed dry areas, it entails better management of rain and
soil water for more productive water use [61]. Ajay Singh
[103] conducted a literature review on the conjunctive use of
groundwater and surface water for irrigated agriculture. The
author has mentioned the advantages, limitations, and future
scope in conjunctive use practice. Conjunctive use of water
is beneficial to alleviate waterlogging and secondary soil
salination. Singh and Panda [106] formulated a simulation
optimization model to combat the soil salination and water-
logging problem in the Haryana state of India. Conjunctive
use technique has advantages that poor quality water saline
water also used in conjunction with good quality water car-
ried an experimental analysis in Hisar, India, and the study
examines concern to use of saline and freshwater to add its
impact on soil properties; the results of work indicate that
with increasing salinity the infiltration rate of soil decreases.
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Climate change and conjunctive use

Surface water is directly affected by climate change due to
changes in long-term climate variables [120]. Previously,
research into the effects of climate change on surface water
supplies had exploded. Climate change-related changes
in temperature and precipitation may result in increased
water demand and decreasing water resource availability
[36]. Milly et al. [73] used 12 climate models to quantita-
tively analyze the effects of climate change on global water
resource availability. According to their findings, runoff in
eastern equatorial Africa, high latitudes of North Amer-
ica and Eurasia, and the La Plata basin of South Amer-
ica would increase by 10-40% in 2050, while it would
decrease by 10-30% in southern Europe, the Middle East,
mid-latitude western North America, and southern Africa.
Swain et al. [109] presented a review work on the impact
of climate change on groundwater hydrology. Authors have
emphasized gravity recovery and climate expert applica-
tion in the Indian region. The study reveals that, due to
an inadequate groundwater monitoring network, it is not
possible to have an understanding of the complex ground-
water system; moreover, regular monitoring in terms of
heavy metals will boost groundwater research in India.
In mountainous area, climate change is the controlling
factor for runoff generation. In addition to this, affores-
tation, construction of dams, and farmland reclamation
have also affected the runoff from the mountainous areas
[18]. Agrivoltaism technique has been used as mitigating
measure to face climate change; Elamri et al. [32] used the
agrivoltaism technique in France. It facilitates the use of
solar panels on agricultural land. Energy generation and
water saving due to the shadow of the panel are achieved
in this technique. Authors reported that using Agrivolta-
ism reduction in irrigation amount by 20% is achieved.
Climate change is responsible for groundwater deteriora-
tion; Aladejana et al. [4] conducted a study to assess the
quality of groundwater. The authors have examined the
links between climate change and groundwater chemistry.
The study indicates that the seasonal flooding resulting
from extreme precipitation was responsible for the bio-
geochemical process of redox, and hence, groundwater
was polluted in nearby areas. Kahil et al. [57] conducted
a study to overcome and to give a remedial measure for
water scarcity issues as a result of climate change. Authors
have presented a hydro-economic model that links with
hydrology, economy and environmental components. The
model was applied to the arid and semi-arid regions in
Spain. The results of the study indicate that drought events
have a large impact on social welfare; also, the net produc-
tion from agriculture has been reduced. The GW is a most
reliable resource, and hence, it has been over-extracted
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throughout the globe. Moreover, climate change is accel-
erating the degradation of GW sources; hence, instead of
impact assessment adaptation strategies have been used
by the policymakers. Afshar et al. [3] formulated a model
to assess the adaptation of conjunctive use for sustainable
water resource management under the climate change sce-
nario. The authors have tried the global atmospheric cir-
culation model to simulate the climate change in the study
area. The outcomes of the study show that a cyclic strategy
of conjunctive use is more beneficial and sustainable. As
many researchers have cited that the food available in the
future will be inadequate to fulfill the demands of such a
hasty population. Abeysingha et al. [2] conducted a case
study to assess the climate change impact on irrigated
agriculture. The authors have formulated a climate change
model to simulate the production of rice and wheat in the
future for Gomti river basin in India. SWAT and global
climate model were used to simulate the stream flows and
evapotranspiration. The outcomes of the study estimate the
future crop production; hence, such studies will be helpful
to plan sustainable agriculture.

Intergovernmental Panel on Climate change (IPCC) is an
international organization that asses the science related to
climate change. It was set up by WMO and UNEP to pro-
vide the information related to climate change, its impact
and future direction in the relevant field. As suggested by
IPCC, since last 60 years Managed Aquifer Recharge (MAR)
has been practiced to conserve and develop the groundwater
resources [26]. Climate change has impact on meteorologi-
cal, hydrological and environmental parameters. Due to cli-
mate change, the basin area may suffer from extreme floods,
draughts, cloud bursting, and high temperature waves. The
MAR is best technique to adapt the climate change and sus-
tainable water resource management through conjunctive
water use.

Conjunctive use of low-quality water has various advan-
tages like boosting agricultural productivity by maintaining
efficient root-zone leaching, lowering salt export require-
ments to minimize groundwater degradation, and managing
waterlogging at the root zone. The case studies explaining
the impact of climate change on the quality and quantity of
groundwater are limited as compared to surface water. The
activities and sources like domestic waste from pit latrines,
wastewater from washing units and waste from animals are
responsible to the contamination of groundwater at shallow
depth [41]. Haghbin et al. [47] presented a review article; the
outcomes of work show that nitrogen compounds are respon-
sible to groundwater pollution. The assessment of ground-
water quality is a challenge due to complex nature of nitrate
transport and related uncertainties. In India, large-scale
groundwater is polluted due to nitrate (N), arsenic (As), fluo-
ride (F), hydrocarbons, and uranium (U) [45]. To ascertain
the quality of groundwater, the water is tested to estimate
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the water quality index (WQI) and for principal components
analysis (PCA). Hinge et al. [51] carried out experimental
study in Guwahati city, India, and observed that WQI in
study area ranges from 19 to 108, the lower numbers indicate
the poor quality of water. Conjunctive water use reduces the
soil salination issues, increases water resource efficiency,
reduces shallow groundwater evaporation, and discharges
through drains. These advantages ultimately lead to the
sustainable development of water resources [64]. Seasonal
variation in groundwater quality was checked by Kadam
et al. [56]; authors have conducted experiments to check the
parameters like total hardness (TH), electrical conductivity
(EC), Ca and Mg, and TDS, mostly to check the feasibility of
water for irrigation, commercial and drinking purpose. The
authors have collected sample from 68 representative places.
The results of study show that water quality is degraded due
to industrial contamination. So, this study provides baseline
information to groundwater managers to plan and allocate
the water sources sustainably.

Conjunctive use modeling

The success of any modeling depends on its planning,
development, application, and perpetuation [10]. The
authors have reviewed the literature regarding integrated
water resource management (IWRM) and summarized
the knowledge gap; also, they have provided systematic
guidance to formulate the model. The study suggests
the five key areas for further research like social equity,
uncertainty management, knowledge sharing, stakeholder
involvement, and data limitation. Sabale and Jose [93] for-
mulate a conjunctive use model using LINGO and PSO
optimization tools. Authors have formulated an optimiza-
tion model to restrict water scarcity to a minimal extent.
The study was conducted in the semi-arid regions to
accelerate the crop yield with a minimal usage of water.
The study concludes that the optimal use of water can be
achieved by changing the conventional crop pattern; also,

Table 1 Conjunctive use modeling for water resource management

studies suggest that by lowering crop production other
than onion and sugarcane by 15% and by using that area
for sugarcane and onion will increase overall net returns
by 8%. A hybrid optimization model was developed [97]
to have better performance in the water deficit scenarios.
Authors have tried to solve the conflict in water distribu-
tion by augmenting various optimization tools like genetic
algorithm (GA), ant colony optimization (ACO), and bac-
terial foraging optimization (BFO). The study showed that
the combination of GA—-ACO-BFO has promising results
in terms of net benefits to farmers and also solves chronic
water distribution issues. The coupling of MODFLOW and
Arc-SWAT was tested for groundwater system simulation
[108]; the authors simulated the surface water by SWAT.
The recharge rates obtained from the SWAT model were
used in MODFLOW to simulate the groundwater system.
Joodavi et al. [54] examined the conjunctive use model to
derive the optimal operational policy for the Bar dam res-
ervoir in Iran. The authors have coupled the MODFLOW
model and optimization model to use surface water and
groundwater conjunctively. The study revealed that con-
junctive use improves water security also gives a new view
in terms of recharging the aquifers from the leakage of a
reservoir that was not previously thought of. Integration of
SW and GW has been tried by Liu et al. [65] in the Yellow
river basin of China. The study basin was under serious
water stress because of intense agriculture, dense popu-
lation, and extreme groundwater use with low water use
efficiency. The authors have tried the conjunctive use tech-
nique for sustainable development of the basin. The SWAT
and MODFLOW models were coupled to optimize the use
of SW and GW. This study proved that conjunctive use
of water alleviates evaporation loss, increases the water
use efficiency, and also maintains the groundwater levels
with increased crop yield. Table 1 explicates the simu-
lation models used in conjunctive water use technique.
Mostly the models are GIS-based, semi-distributed and
enable simulation under the influence of climate change.

Sr. no. Name of model Applications/advantages

References

MIKE SHE The model is deterministic, has a potential to predict tile drainage flow Zhou et al. [121]
2 MODFLOW MODFLOW coupled with CMC used to simulate groundwater contamination Harrington et al. [49]
Model helps to understand flow regime, aquifer parameterization Baalousha [9]
Calibrations of conductivity and recharge Abdalla [1]
3 SWAT-MODFLOW The coupling of SWAT & MODFLOW used for analyzing the impact of conjunctive use ~ Sabale and Jose [92]
on groundwater levels in irrigation command area
4 SWMM-GSFLOW  The integration of stormwater and groundwater through model was beneficial to Zhangye Tian et al. [110]
basin, China, to manage the water resource in semi-arid region
5 SWAT SWAT model was used to simulate the surface water in Manimala river basin Kerala, the =~ Venkatesh et al. [113]

conjunction of surface water and groundwater practiced to fulfill the water demands
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Optimization of conjunctive use

The genetic algorithm was used as design support to opti-
mize the daily management of water that was abstracted
from the different groundwater supply sources [83]. For
this study, the authors have introduced a new model called
model to optimize water extraction (MOPWE) that was
based on the multi-objective genetic algorithm and model
was run in MATLAB interface. The model facilitates the
optimization of daily water use from various reservoirs
and groundwater sources. This robust attempt was very
efficient giving a total energy saving of 38% and water
saving of 25%. The optimization of conjunctive use of
water was carried out by An-Vo et al. [5]; the agricultural
production and net profit from agriculture were kept as
an objective functions. This study was conducted for the
Coleambally Irrigation area in Australia. The outcomes of
research work show that conjunctive use of water yields
an additional AUD 57.3 million. The linear programming
(LP) model was formulated to optimize the conjunctive
use of surface and groundwater in the Godavari basin,
Maharashtra, India. The objective of the study was to
maximize net benefits from the agricultural command
area. The constraints imposed on the model were maxi-
mum and minimum irrigation demand, canal capacity and

reservoir storage. The model proved successful as it was
able to enhance the net benefits of 3373.45 million rupees
with an irrigation intensity of 57.07% [78]. Since last two
decades, the optimization methods have been proved very
efficient to manage the water resources. The optimization
methods used in conjunctive water use practice with their
advantages are listed below (Table 2).

Advantages and constraints of conjunctive
use

Conjunctive water use has the following advantages:

The conjunctive water use practice yields a reliable
quantity of water for irrigation which results increases
agricultural returns. Moreover, it prevents the groundwater
depletion caused by extensive pumping [59]. Also, the soil
salination and waterlogging issues are alleviated due to con-
junctive use practice. Thereby more area will be undertaken
for agriculture use. It proves very sustainable for coastal
regions where the intrusion of saline water can be arrested
by inducing conjunctive use of surface water. Moreover, the
conjunctive use has added advantages of utilization of poor/
saline water for irrigation. The poor quality water can be
mixed with fair quality water and that can be used for irri-
gation. It helps to augment water resources in the irrigation

Table 2 Conjunctive use optimization with the programming techniques for water resource management

Sr. no. Name of model

Applications/advantages

References

1 Linear programming (LP)

gation area allocation
2 Nonlinear programming (NLP)

during drought
3 Dynamic programming (DP)

solving
Genetic algorithm (GA)

5 Particle swarm optimizations (PSO)
ent time steps

Used as effective tool to optimize multi-crop pattern and irri-
Used to mitigate socioeconomic and environmental impact
Capable of managing available water resources and conflicts

Used to solve deficit irrigation scenario
ANN-GA-based model calculates groundwater levels at differ-

Controls the supply between surface and subsurface, reduce

Moradi-Jalal et al. [74]
Daneshmand et al. [25]
Zomorodian et al. [122]

Safavi and Falsafioun [94]
Rezaei et al. [90]

Chang et al. (2013)

Used for optimization of conjunctive use of surface water and

Used for optimization of conjunctive use of surface water and

6 Adaptive neuro-fuzzy inference
system (ANFIS) impact of over pumping
7 GSFLOW-DYCORS
GW
8 GSFLOW-SVM
GW in semi-arid region
9 MODFLOW-ANN

10 GA-MODFLOW
11 CRF-HGS
12 HGS-CRF-KRG

13 KRG-HGS
14 LP-PARFLOW

Maximizing water supply and hydropower production

For developing the strategies to control Groundwater

Optimization pumping in coastal aquifers

Comparison between single and multiple surrogate models for
pumping

To identify crucial parameters in SW-GW simulation

To meet the need for irrigation, the pumping and diversion
schedule should be optimized; LP-PARFLOW facilitates the
optimization

Wu et al. [118]
Wu et al. [118]

Peralta et al. [82]
Parsapour-Moghaddam et al. [80]
Christelis and Mantoglou [20]
Christelis et al. [19]

An et al. [6]
Condon and Maxwell [22]
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command area. The conjunctive water use practice aids to
recover the seeped water, which was leaked from the unlined
canal.

While the numerous advantages by conjunctive use
of water it has some physical and operational constraints
[21]. The quantity of water require to recharge the aquifers
is not adequate, the type and nature of terrain influences
the infiltration and percolation rates, groundwater storage
is inadequate, such physical constraints are encountered
in conjunctive use technique. Rapid industrialization and
urbanization have put pressure on the water demand, food
and open area, so it is not possible and affordable to provide
land as a recharge site. Moreover, the existing wells are not
adequate to supply the water in summer season. The con-
structions of surface reservoir may increase the evaporation
losses and also affect the ecological settings of existing area.
Also conjunctive use practice leads to change in land-use
land-cover pattern and groundwater levels of basin.

Discussion

This study provides an extensive review of literature explain-
ing the conjunctive water use technique and modeling used
for conjunctive use optimization. In general, from small
space to global level different simulation models are devel-
oped, each having its uniqueness as well as precisions. Some
models are applicable to surface water, e.g., MIKE SHE,
and some for groundwater like MODFLOW. The models are
used to calculate/optimize rainfall-runoff, flood, sediment
transport, groundwater discharge, and aquifer configuration.
The MIKE SHE has good potential to predict tile drainage
flows and is used to design drainage systems. The MOD-
FLOW is a groundwater flow model used to analyze ground-
water resource problems and to take water management
decisions. MODFLOW coupled with PRMS gives ground-
water budgeting for a drainage basin. Due to the advantage
of the sequential decision process, the DP technique is more
useful to optimize conjunctive use. GA models can be used
for nonlinear groundwater problems to minimize the cost
of pumping for meeting a specific demand. ANFIS model
can solve the socioeconomic, ecological, environmental and
legislative issues because it is directly or indirectly related
to water resources.

Currently, worldwide researchers are facing the chal-
lenges like climate change and the sustainability of water
resources. Climate change has a significant impact on
hydrology and hydrogeology, so it is necessary to improve
current theories and practices accordingly. The literature
review revealed that current optimization attempts are
plagued due to complex heterogeneity in the subsurface and
a lack of supporting data. The MIKE SHE model requires
large topographical and physical parametric data. Also, it

has use limitations on subsurface strata. The linear program-
ming (LP) models are unable to handle nonlinear problems.
So for some cases LP models will have to couple with NLP
or with GA. NLP models have limitations to optimize con-
junctive use due to the slow rate of convergence and com-
plexity. Though the work has a study of a lot of literature,
a complete review of all related work cannot be possible. It
may be possible that some concepts regarding conjunctive
use are not covered in detail. Such work required a detailed
study of each simulation model with different hydrologi-
cal and hydrogeological conditions to have better outputs.
It is also observed that SWOT and PESTLE analysis is very
promising in water resource management [76].

Sustainable development of groundwater can be attained
by addressing significant human resources and equipment
deficiencies, improving official and management tools, and
increasing stakeholder participations in the issues concern-
ing the water management. The key challenges in water man-
agement comprise the lack of ability to establish who needs
what, time and frequency; high staff turnover; capacity gaps
and poor scenario planning [72]. Although conjunctive water
use has numerous advantages, they have some drawbacks
like surface water reservoirs having evaporation loss, soil
erosion, sedimentation, and waterlogging. To formulate suc-
cessful conjunctive water use model the previous meteoro-
logical and hydrological data is required but it is a challenge
to get the data [53]. Conjunctive use practice may increase
the infrastructure cost for irrigation and for developing coun-
tries it may not be affordable. The new technology and soft-
computing tools are available to impart conjunctive use but
the institutional cooperation is lacking due to inability to use
new technology. The literature review revealed that more
research is needed to clear the understanding of pollutants
like pharmaceuticals, nutrients, personal care and pathogens
[45]. After reviewing the literature regarding conjunctive
use the research gaps are identified mostly in the method-
ologies used and uncertainty analysis, institutional issues,
technological, political, social and legal aspects [75, 76, 96,
104, 107]. The findings of this work will help researchers,
policymakers and stakeholders to select appropriate methods
to optimize conjunctive use of water, and to reduce water
deficiency problem.

Future scope

According to the literature review indicated above, the impor-
tance and advantages of the conjunctive use of surface and
ground water are well established for sustainable agricultural
development. These advantages arise as a result of the diverse
nature of the water resources. Surface water's delivery and
extraction costs are often lower, but its supply is erratic. At
the same time, ground water has a consistent supply but it is
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expensive to pump. Hence, in future more research needs in
conjunctive use of water and effort should be made to fulfill
the shortcomings in sustainable development. The probable
future research scenarios are provided below that could help
to attain the sustainable water resource management.

e More research needs to improve the constraints in estima-
tion of evapotranspiration and recharge by remote sens-
ing technique [27].

e Many studies made use of saline water in conjunction
with freshwater for agriculture use; hence, it is required
to assess the long-term impact of such practices on soil
and groundwater quality [75].

e Literature survey revealed that water and energy are not
correctly priced and they are not effectively allocated.
The policies and investments in these areas are not ade-
quate; moreover, fewer studies are conducted in promo-
tion of natural water resource management and integrated
water resource management. So, these areas need further
research to overcome the aforementioned limitations [16,
116].

e Future research is needed in the field of restoration and
protection of ecosystem; wetland, mountain forest, and
attempts are also made to alleviate the gaps between
demand and supply of water for irrigation, water conser-
vations, recycling of wastewater, and training/ awareness
of farmers [28].

e The physical-based semi-distributed models like SWAT
& MIKE SHE are capable to simulate the surface flows
and it can be best tools in conjunctive water use practice
if the observed data for validation is available, also if
uncertainty analysis is carried out [104].

e [t is necessary to evaluate that by changing the prevail-
ing cropping pattern and reducing the area under paddy
and sugarcane by other regional crops which require less
water, what will be the impact on waterlogging and sec-
ondary soil salination.

e Implement the “warabandhi” water distribution method
and declare crop holidays to alleviate the waterlogging
issues [79].

e [t is very important to understand the river basin hydro-
geology to formulate any hydrological model. As the
hydrological parameters are varying spatiotemporally, it
is a challenge to assess the spatially heterogeneous and
temporally dynamic characteristics of human—hydrology
interaction models [30].

Conclusions
The present study is planned to review the literature regard-

ing the conjunctive use of water in irrigation command. The
simulation—optimization methods used for conjunctive use,
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the aspect of climate change and water quality analysis are
presented in detail. The literature review reveals that global
researchers are adapting conjunctive use technique to tackle
with water scarcity issues; few scenarios depict that poor/
saline/wastewater are used in conjunction with fresh water to
fulfill domestic and irrigation demands. To have such study
on basin scale, GIS techniques must be used in conjunc-
tion with computer-based simulation optimization models.
The main challenges in search computer-driven models
are the data available, uncertainty analysis and parameter
estimations. However, the tools like SWAT-CUP, UCODE
and PEST have been used to solve such issues. Develop-
ing countries to address the issues regarding conjunctive
use of surface water and groundwater require integration of
socioeconomic, environmental, technical and legal aspect
into a regulated framework. However, due to the lack of
infrastructure, funds available and institutional issues, the
developing countries face the challenges toward the hydro-
logic assessment.

Although every conceivable piece of literature was
examined in this study, it would be impractical to include
every publication in a review. This review study provides
an advantages, limitations, challenges and future scope
in conjunctive use of surface water and groundwater for
sustainable irrigation. It is possible that some of the finer
points were glossed over or omitted entirely. It is anticipated
that later contributions will close these gaps and open the
door to additional discussion of the subjects covered in this
evaluation.

Acknowledgements The authors are thankful to National Institute of
Hydrology, Belagavi, to their continuous supports. Also, the authors
extend gratitude to all those researchers, scientist and authors who are
having great research work in this field.

Data availability All the data taken in the manuscript are based on the
literature study carried out in conjunctive water use field and those are
available on reasonable request.

Declarations

Conflict of interest The authors declare that they have no known com-
peting financial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

References

1. Abdalla OAE (2009) Groundwater modeling in semiarid cen-
tral Sudan: adequacy and long-term abstraction. Arab J Geosci
2(4):321-335

2. Abeysingha NS, Singh M, Islam A, Sehgal VK (2016) Climate
change impacts on irrigated rice and wheat production in Gomti
River basin of India: a case study. Springerplus. https://doi.org/
10.1186/540064-016-2905-y

3. Afshar A, Khosravi M, Molajou A (2021) Assessing adapt-
ability of cyclic and non-cyclic approach to conjunctive use of


https://doi.org/10.1186/s40064-016-2905-y
https://doi.org/10.1186/s40064-016-2905-y

Innovative Infrastructure Solutions (2023) 8:17

Page9of12 17

11.

12.

13.

14.

17.

18.

19.

20.

21.

22.

groundwater and surface water for sustainable management plans
under climate change. Water Resour Manag 35(11):3463-3479
Aladejana JA, Kalin RM, Sentenac P, Hassan I (2020) Assess-
ing the impact of climate change on groundwater quality of the
shallow coastal aquifer of eastern dahomey basin, Southwestern
Nigeria. Water (Switzerland) 12(1):224

An-Vo D-A, Mushtaq S, Reardon-Smith K (2015) Estimating the
value of conjunctive water use at a system-level using nonlinear
programing model. J Econ Soc Policy 17(2):163-182

AnY, Lu W, Yan X (2018) A surrogate-based simulation—opti-
mization approach application to parameters’ identification for
the HydroGeoSphere model. Environ Earth Sci. https://doi.org/
10.1007/s12665-018-7806-7

Andrews ES, Chung FI, Lund LR (1992) Multilayered, property-
based simulation of conjunctive facilities. J water Resour Plan
Manag 118(1):32-53

Anwar AA, Ahmad W (2020) Precision surface irrigation with
conjunctive water use. Sustain Water Resour Manag. https://doi.
org/10.1007/s40899-020-00434-3

Baalousha HM (2016) Development of a groundwater flow model
for the highly parameterized Qatar aquifers. Model Earth Syst
Environ. https://doi.org/10.1007/s40808-016-0124-8

Badham J, Elsawah S, Guillaume JHA, Hamilton SH, Hunt RJ,
Jakeman AJ, Pierce SA, Snow VO, Babbar-Sebens M, Fu B,
Gober P, Hill MC, Iwanaga T, Loucks DP, Merritt WS, Peckham
SD, Richmond AK, Zare F, Ames D, Bammer G (2019) Effective
modeling for integrated water resource management: a guide to
contextual practices by phases and steps and future opportunities.
Environ Model Softw 116(2018):40-56

Barlow PM, Ahlfeld DP, Dickerman DC (2003) Conjunctive-
management models for sustained yield of stream-aquifer sys-
tems. J Water Resour Plan Manag 129(1):35-48

Bhanja SN, Mukherjee A (2019) In situ and satellite-based esti-
mates of usable groundwater storage across India: Implications
for drinking water supply and food security. Adv Water Resour
126(February):15-23

Bhattarai DP, Shakya NM (2019) Conjunctive use of water
resources in sustainable development of agriculture in Terai
Nepal. J Inst Eng 15(2):210-217

Bobade S, Dhawale A, Garg V, Tapase A, Kadam D, Patil NK
(2021) Evaluation and comparison of morphometric parameters
of Savitri watershed, India. Innov Infrastruct Solut 6(2):1-20

. Booker JF, Howitt RE, Michelsen AM, Young RA (2012) Eco-

nomics and the modeling of water resources and policies. Nat
Resour Model J 25(1):1-42

Cai X, Wallington K, Shafiee-Jood M, Marston L (2018)
Understanding and managing the food-energy-water nexus—
opportunities for water resources research. Adv Water Resour
111(2017):259-273

Chen TC, Hsieh TS, Shichiyakh RA (2021) Sustainable operation
of surface-groundwater conjunctive use systems in the agricul-
tural sector. ] Water Land Dev 51:25-29

Cheng G, Li X, Zhao W, Xu Z, Feng Q, Xiao S, Xiao H (2014)
Integrated study of the water—ecosystem—economy in the Heihe
River Basin. Natl Sci Rev 1(3):413-428

Christelis V, Kopsiaftis G, Mantoglou A (2019) Performance
comparison of multiple and single surrogate models for pumping
optimization of coastal aquifers. Hydrol Sci J 64(3):336-349
Christelis V, Mantoglou A (2016) Pumping optimization of
coastal aquifers assisted by adaptive metamodelling methods and
radial basis functions. Water Resour Manag 30(15):5845-5859
Coe JJ (1990) Conjunctive use—advantages, constraints, and
examples. J Irrig Drain Eng 116(3):427-443

Condon LE, Maxwell RM (2013) Implementation of a linear
optimization water allocation algorithm into a fully integrated
physical hydrology model. Adv Water Resour 60:135-147

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Cuthbert MO, Mackay R, Durand V, Aller MF, Greswell RB,
Rivett MO (2010) Impacts of river bed gas on the hydraulic and
thermal dynamics of the hyporheic zone. Adv Water Resour
33(11):1347-1358

Van Dam JC, Singh R, Bessembinder JJE, Leffelaar PA, Bas-
tiaanssen WGM, Jhorar RK, Kroes JG, Droogers P (2006)
Assessing options to increase water productivity in irrigated river
basins using remote sensing and modelling tools. Int J Water
Resour Dev 22(1):115-133

Daneshmand F, Karimi A, Nikoo MR, Bazargan-Lari MR, Ada-
mowski J (2014) Mitigating socio-economic-environmental
impacts during drought periods by optimizing the conjunc-
tive management of water resources. Water Resour Manag
28(6):1517-1529

Dillon P, Stuyfzand P, Grischek T, Lluria M, Pyne RDG, Jain
RC, Bear J, Schwarz J, Wang W, Fernandez E, Stefan C, Pette-
nati M, van der Gun J, Sprenger C, Massmann G, Scanlon BR,
Xanke J, Jokela P, Zheng Y, Rossetto R, Shamrukh M, Pavelic P,
Murray E, Ross A, Bonilla Valverde JP, Palma Nava A, Ansems
N, Posavec K, Ha K, Martin R, Sapiano M (2019) Sixty years
of global progress in managed aquifer recharge. Hydrogeol J
27(1):1-30

Doble RC, Crosbie RS (2017) Revue: Méthodes courantes et
émergentes pour la modélisation de la recharge a I’échelle du
bassin versant et de 1’évapotranspiration d’eaux souterraines peu
profondes. Hydrogeol J 25(1):3-23

Dragoni W, Sukhija BS (2008) Climate change and groundwater:
a short review. Geol Soc Spec Publ 288:1-12

Du E, Tian Y, Cai X, Zheng Y, Han F, Li X, Zhao M, Yang Y,
Zheng C (2022) Evaluating distributed policies for conjunctive
surface water—groundwater management in large river basins:
water uses versus hydrological impacts. Water Resour Res.
https://doi.org/10.1029/2021WR031352

DuE, Tian Y, Cai X, Zheng Y, Li X, Zheng C (2020) Exploring
spatial heterogeneity and temporal dynamics of human—hydro-
logical interactions in large river basins with intensive agricul-
ture: a tightly coupled, fully integrated modeling approach. J
Hydrol 591(July):125313

Earman S, Dettinger M (2011) Potential impacts of climate
change on groundwater resources—a global review. ] Water Clim
Change 2(4):213-229

Elamri Y, Cheviron B, Lopez JM, Dejean C, Belaud G
(2018) Water budget and crop modelling for agrivoltaic sys-
tems: application to irrigated lettuces. Agric Water Manag
208(2017):440-453

Elango L, Jagadeshan G (2018) Clean and Sustainable Ground-
water in India. Springer Hydrogeol. https://doi.org/10.1007/
978-981-10-4552-3_2

Falkenmark M, Rockstrom J (2006) The new blue and green
water paradigm: breaking new ground for water resources
planning and management. J Water Resour Plan Manag
132(3):129-132

Favreau G, Cappelaere B, Massuel S, Leblanc M, Boucher M,
Boulain N, Leduc C (2009) Land clearing, climate variability,
and water resources increase in semiarid southwest Niger: a
review. Water Resour Res 45(7):1-18

Flores L, Bailey RT, Kraeger-Rovey C (2020) Analyzing the
effects of groundwater pumping on an urban stream-aquifer sys-
tem. J Am Water Resour Assoc 56(2):310-322

Food W (2020) World food and agriculture—statistical pocket-
book 2020

Foster S, Van Steenbergen F (2010) Conjunctive groundwater
use: A ‘lost opportunity’ for water management in the developing
world? Hydrogeol J 19:959-962

de Fraiture C, Wichelns D (2010) Satisfying future water
demands for agriculture. Agric Water Manag 97(4):502-511

@ Springer


https://doi.org/10.1007/s12665-018-7806-7
https://doi.org/10.1007/s12665-018-7806-7
https://doi.org/10.1007/s40899-020-00434-3
https://doi.org/10.1007/s40899-020-00434-3
https://doi.org/10.1007/s40808-016-0124-8
https://doi.org/10.1029/2021WR031352
https://doi.org/10.1007/978-981-10-4552-3_2
https://doi.org/10.1007/978-981-10-4552-3_2

17

Page 10 of 12

Innovative Infrastructure Solutions (2023) 8:17

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Fuchs EH, Carroll KC, King JP (2018) Quantifying groundwa-
ter resilience through conjunctive use for irrigated agriculture
in a constrained aquifer system. J Hydrol 565(May):747-759
GK A (2010) The impact of low cost sanitation on groundwater
contamination in the city of Addis Ababa. PhD Thesis, Univer-
sity of South Africa, Cape Town, South Africa

Goes BIM, Clark AK, Bashar K (2021) Water allocation strat-
egies for meeting dry-season water requirements for Ganges
Kobadak Irrigation Project in Bangladesh. Int Jo Water Resour
Dev 37(2):300-320

Gorelick SM (1983) A review of distributed parameter ground-
water management modeling methods. Water Resour Res
19(2):305-319

van der Gun J (2020) Conjunctive water management. Report,
26

Gupta PK (2020) Pollution load on indian soil-water systems
and associated health hazards: a review. J Environ Eng. https://
doi.org/10.1061/(ASCE)EE.1943-7870.0001693

Gupta RS, Goodmam AS (1985) Groundwater reservoir oper-
ation for drought management. J Water Resour Plan Manag
ASCE 111(3):303-320

Haghbin M, Sharafati A, Dixon B, Kumar V (2021) Appli-
cation of soft computing models for simulating nitrate con-
tamination in groundwater: comprehensive review, assess-
ment and future opportunities. Arch Comput Methods Eng
28(5):3569-3591

Harmancioglu NB, Barbaros F, Cetinkaya CP (2013) Sus-
tainability issues in water management. Water Resour Manag
27:1867-1891

Harrington GA, Walker GR, Love AJ, Narayan KA (1999) A
compartmental mixing-cell approach for the quantitative assess-
ment of groundwater dynamics in the Otway Basin, South Aus-
tralia. J Hydrol 214(1-4):49-63

Heuperman AF, Kapoor AS, Denecke HW (2002) Biodrainage—
principles, experiences and applications. Rome 79

Hinge G, Bharali B, Baruah A, Sharma A (2022) Integrated
groundwater quality analysis using water quality index, GIS and
multivariate technique: a case study of Guwabhati City. Environ
Earth Sci 81:1-15

Iman C, Safavi HR, Dandy GC, Mohammad GH (2021) Inte-
grated simulation-optimization framework for water alloca-
tion based on sustainability of surface water and groundwater
resources. ] Water Resour Plan Manag. https://doi.org/10.1061/
(ASCE)WR.1943-5452.0001339

Jayakumar R, Lee E (2017) Climate change and groundwater
conditions in the Mekong Region-a review. J] Groundw Sci Eng
5(1):14-30

Joodavi A, Izady A, Karbasi Maroof MT, Majidi M, Rossetto
R (2020) Deriving optimal operational policies for off-stream
man-made reservoir considering conjunctive use of surface- and
groundwater at the Bar dam reservoir (Iran). J Hydrol Reg Stud
31(August): 100725

Jurado A, Vazquez-Suiié E, Carrera J, Lépez de Alda M, Pujades
E, Barcel6 D (2012) Emerging organic contaminants in ground-
water in Spain: a review of sources, recent occurrence and fate
in a European context. Sci Total Environ 440:82-94

Kadam A, Wagh V, Patil S, Umrikar B, Sankhua R, Jacobs J
(2021) Seasonal variation in groundwater quality and benefi-
cial use for drinking, irrigation, and industrial purposes from
Deccan Basaltic Region, Western India. Environ Sci Pollut Res
28(20):26082-26104

Kahil MT, Dinar A, Albiac J (2015) Modeling water scarcity
and droughts for policy adaptation to climate change in arid and
semiarid regions. J Hydrol 522:95-109

Karamouz M, Kerachian R, Zahraie B (2004) Monthly water
resources and irrigation planning: case study of conjunctive

@ Springer

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

use of surface and groundwater resources. J Irrig Drain Eng
130(5):391-402

Kerebih MS, Keshari AK (2021) Distributed simulation-opti-
mization model for conjunctive use of groundwater and sur-
face water under environmental and sustainability restrictions.
Water Resour Manag 35(8):2305-2323

Kiptala JK, Mul ML, Mohamed YA, van der Zaag P (2018)
Multiobjective analysis of green-blue water uses in a highly
utilized basin: case study of Pangani Basin, Africa. J] Water
Resour Plan Manag 144(8):05018010

Kumar S, Pavelic P, George B, Venugopal K, Nawarathna B
(2013) Integrated modeling framework to evaluate conjunc-
tive use options in a canal irrigated area. J Irrig Drain Eng
139(9):766-774

Lapworth DJ, Baran N, Stuart ME, Ward RS (2012) Emerging
organic contaminants in groundwater: a review of sources, fate
and occurrence. Environ Pollut 163:287-303

Latif M, James LD (1992) Conjunctive water use to control
waterlogging and salinization. J] Water Resour Plan Manag
117(6):611-628

Li P, Qian H, Wu J (2018) Conjunctive use of groundwater and
surface water to reduce soil salinization in the Yinchuan Plain,
North-West China. Int J Water Resour Dev 34(3):337-353
LiuL, Cui Y, Luo Y (2013) Integrated modeling of conjunctive
water use in a canal-well irrigation district in the lower Yellow
River Basin, China. J Irrig Drain Eng 139(9):775-784
Mahjoub H, Mohammadi MM, Parsinejad M (2011) Conjunc-
tive use modeling of groundwater and surface water. J] Water
Resour Prot 03:726-734

Mainuddin M, Das Gupta A, Onta PR (1997) Optimal crop
planning model for an existing groundwater irrigation project
in Thailand. Agric Water Manag 33(1):43-62

Marques GF, Lund JR, Howitt RE (2010) Modeling conjunc-
tive use operations and farm decisions with two-stage sto-
chastic quadratic programming. J Water Resour Plan Manag
136(3):386-394

Matsukawa BJ, Member S, Finney BA, Willis R (1992) Con-
junctive-use planning in mad river basin, California. J] Wat
Resour Plan Manag 118(2):115-132

Mays LW (2013) Groundwater resources sustainability: past,
present, and future. Water Resour Manag 27(13):4409-4424
MB C (2010) Lessons from and assessment of Boussinesq
aquifer modeling of a large fl uvial island in a dam-regulated
river. Adv Water Resour 33:1359-1366

Mengistu HA, Demlie MB, Abiye TA (2019) Review: Ground-
water resource potential and status of groundwater resource
development in Ethiopia. Hydrogeol J 27(3):1051-1065
Milly PCD, Dunne KA, Vecchia AV (2005) Global pattern
of trends in streamflow and water availability in a changing
climate. Nature 438(7066):347-350

Moradi-Jalal M, Bozorg Haddad O, Karney BW, Marifio MA
(2007) Reservoir operation in assigning optimal multi-crop
irrigation areas. Agric Water Manag 90(1-2):149-159
Murad KFI, Hossain A, Fakir OA, Biswas SK, Sarker KK,
Rannu RP, Timsina J (2018) Conjunctive use of saline and
fresh water increases the productivity of maize in saline coastal
region of Bangladesh. Agric Water Manag 204(April):262-270
Nazari B, Liaghat A, Akbari MR, Keshavarz M (2018) Irri-
gation water management in Iran: implications for water use
efficiency improvement. Agric Water Manag 208(June):7-18
Nguyen DCH, Ascough JC, Maier HR, Dandy GC, Andales AA
(2017) Optimization of irrigation scheduling using ant colony
algorithms and an advanced cropping system model. Environ
Model Softw 97:32-45


https://doi.org/10.1061/(ASCE)EE.1943-7870.0001693
https://doi.org/10.1061/(ASCE)EE.1943-7870.0001693
https://doi.org/10.1061/(ASCE)WR.1943-5452.0001339
https://doi.org/10.1061/(ASCE)WR.1943-5452.0001339

Innovative Infrastructure Solutions (2023) 8:17

Page110f12 17

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Nikam NG, Regulwar DG (2015) Optimal operation of multi-
purpose reservoir for irrigation planning with conjunctive use of
surface and groundwater. ] Water Resour Prot 07(08):636-646
Pandith M, Lavanya B (2021) Developement of groundwater
irrigation in Telangana state: challenges, management and Way
forward. J Geol Soc India 97:271-281

Parsapour-Moghaddam P, Abed-Elmdoust A, Kerachian R (2015)
A heuristic evolutionary game theoretic methodology for con-
junctive use of surface and groundwater resources. Water Resour
Manag 29(11):3905-3918

Peralta RC, Cantiller RRA, Terry JE (1995) Optimal large-scale
conjunctive water-use planning: case study. J] Water Resour Plan
Manag 121(December):471-478

Peralta RC, Forghani A, Fayad H (2014) Multiobjective genetic
algorithm conjunctive use optimization for production, cost, and
energy with dynamic return flow. J Hydrol 511:776-785

Perea RG, Moreno MA, da Silva Baptista VB, Corcoles JI (2020)
Decision support system based on genetic algorithms to optimize
the daily management of water abstraction from multiple ground-
water supply sources. Water Resour Manag 34(15):4739-4755
Piggott AR, Bobba AG, Novakowski KS (1996) Regression and
inverse analyses in regional ground-water modeling. J Water
Resour Plan Manag 122(1):1-10

Prusty P, Farooq SH (2020) Seawater intrusion in the coastal
aquifers of India—a review. HydroResearch 3:61-74
Pulido-velazquez M (2004) Economic values for conjunctive use
and water banking in southern California Economic values for
conjunctive use and water banking in southern California
Ramesh H, Mahesh A (2012) Conjunctive use of surface water
and groundwater for sustainable water management. In: Sustain-
able development—energy, engineering and technologies—man-
ufacturing and environment

Rani R, Kumar SBS (2016) Conjunctive planning of surface and
groundwater resources in canal conjunctive planning of surface
and groundwater resources in canal command area of Odisha-a
success story

Rao SVN, Bhallamudi SM, Thandaveswara BS, Mishra GC
(2004) Conjunctive use of surface and groundwater for coastal
and deltaic systems. J Water Resour Plan Manag 130(3):255-267
Rezaei F, Safavi HR, Zekri M (2017) A hybrid fuzzy-based
multi-objective PSO algorithm for conjunctive water use and
optimal multi-crop pattern planning. Water Resour Manag
31(4):1139-1155

Rossman NR, Zlotnik VA (2013) Revue: Modélisation région-
ale des écoulements souterrains dans des bassins avec une forte
irrigation dans des états sélectionnés de 1’Ouest des Etats-Unis
d’Amérique. Hydrogeol J 21(6):1173-1192

Sabale R, Jose M (2021) Hydrological modeling to study impact
of conjunctive use on groundwater levels in command area. J
Indian Water Works Assoc 53(3):190-197

Sabale R, Jose M (2022) Optimization of conjunctive use of
surface and groundwater by using LINGO and PSO in water
resources management. Innov Infrastruct Solut. https://doi.org/
10.1007/541062-022-00750-x

Safavi HR, Falsafioun M (2017) Conjunctive use of surface water
and groundwater resources under deficit irrigation. J Irrig Drain
Eng 143(2):05016012

Sahuquillo A (1985) Groundwater in water resources planning:
conjunctive use. Water Int 10(2):57-63

Salem GSA, Kazama S, Shahid S, Dey NC (2018) Impacts of
climate change on groundwater level and irrigation cost in a
groundwater dependent irrigated region. Agric Water Manag
208(February):33-42

Sampathkumar KM, Ramasamy S, Ramasubbu B, Karup-
panan S, Lakshminarayanan B (2021) Hybrid optimization

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

model for conjunctive use of surface and groundwater resources
in water deficit irrigation system. Water Sci Technol
84(10-11):3055-3071

Sanchis-Ibor C, Ortega-Reig M, Guillem-Garcia A, Carricondo
JM, Manzano-Juérez J, Garcia-Molla M, Royuela A (2021) Irri-
gation post-modernization. Farmers envisioning irrigation pol-
icy in the region of Valencia (Spain). Agriculture (Switzerland)
11(4):1-21

Sandoval-Solis S, McKinney DC, Loucks DP (2011) Sustain-
ability index for water resources planning and management. J
Water Resour Plan Manag 137(5):381-390

Schmid W, Hanson RT (2007) Simulation of intra- or transbound-
ary surface-water-rights hierarchies using the farm process for
MODFLOW-2000. J Water Resour Plan Manag 133(2):166—-178
Sedghamiz A, Heidarpour M, Nikoo MR, Eslamian S (2018) A
game theory approach for conjunctive use optimization model
based on virtual water concept. Civ Eng J 4(6):1315

Seo SB, Mahinthakumar G, Sankarasubramanian A, Kumar M
(2018) Conjunctive management of surface water and ground-
water resources under drought conditions using a fully coupled
hydrological model. ] Water Resour Plan Manag 144(9):1-11
Singh A (2014) Conjunctive use of water resources for sustain-
able irrigated agriculture. J Hydrol 519(PB):1688-1697

Singh A (2015) Revue: Modéles informatiques pour la gestion
des problémes de ressources en eau de 1’agriculture irriguée.
Hydrogeol J 23(6):1217-1227

Singh A, Panda SN (2012) Effect of saline irrigation water on
mustard (Brassica juncea) crop yield and soil salinity in a semi-
arid area of north India. Exp Agric 48(1):99-110

Singh A, Panda SN (2013) Optimization and simulation model-
ling for managing the problems of water resources. Water Resour
Manag 27(9):3421-3431

Singh A, Panda SN, Saxena CK, Verma CL, Uzokwe VNE,
Krause P, Gupta SK (2016) Optimization modeling for conjunc-
tive use planning of surface water and groundwater for irrigation.
J Irrig Drain Eng 142(3):04015060

Singh RM, Shukla P (2016) Groundwater system simulation and
management using visual MODFLOW and Arc-SWAT. J Water
Resour Hydraul Eng 5(1):29-35

Swain S, Taloor AK, Dhal L, Sahoo S, Al-Ansari N (2022)
Impact of climate change on groundwater hydrology: a compre-
hensive review and current status of the Indian hydrogeology.
Appl Water Sci 12(6):1-25

Tian Y, Zheng Y, Wu B, Wu X, Liu J, Zheng C (2015) Mod-
eling surface water-groundwater interaction in arid and semi-
arid regions with intensive agriculture. Environ Model Softw
63:170-184

Tyagi NK, Agrawal A, Sakthivadivel R, Ambast SK (2005)
Water management decisions on small farms under scarce canal
water supply: a case study from NW India. Agric Water Manag
77:180-195

United Nations 2019 (2019) World-population-prospects-2019
Venkatesh B, Chandramohan T, Purandara BK, Jose MK, Nayak
PC (2018) Modeling of a river basin using SWAT model. Water
Science and Technology Library

Vieira J, Cunha MC, Nunes L, Monteiro JP, Ribeiro L, Stigter
T, Nascimento J, Lucas H (2011) Optimization of the operation
of large-scale multisource water-supply systems. J Water Resour
Plan Manag 137(2):150-161

Vincent L, Dempsey P, Vincent L, Dempsey P, Vincent L (1991)
Conjuctive water use for irrigation: good theory, poor practice.
Int J Water Resour Dev 9:227-245

Wichelns D (2017) The water-energy-food nexus: Is the increas-
ing attention warranted, from either a research or policy perspec-
tive? Environ Sci Policy 69:113-123

@ Springer


https://doi.org/10.1007/s41062-022-00750-x
https://doi.org/10.1007/s41062-022-00750-x

17

Page 12 of 12

Innovative Infrastructure Solutions (2023) 8:17

117.

118.

119.

120.

Willis BR, Finney BA, Zhang D (1990) Water resources man-
agement in north China plain. J] Water Resour Plan Manag
115(5):598-615

Wu X, Zheng Y, Wu B, Tian Y, Han F, Zheng C (2015) Opti-
mizing conjunctive use of surface water and groundwater for
irrigation to address human-nature water conflicts: a surrogate
modeling approach. Agric Water Manag 163:380-392

Yeh WWG (2015) Revue: méthodes d’optimisation pour la
modélisation et la gestion des eaux souterraines. Hydrogeol J
23(6):1051-1065

Zhang X (2015) Conjunctive surface water and groundwater man-
agement under climate change. Front Environ Sci 3(SEP):1-10

@ Springer

121.

122.

Zhou X, Helmers M, Qi Z (2013) Modeling of subsurface tile
drainage using MIKE SHE. Appl Eng Agric 29(6):865-873
Zomorodian M, Lai SH, Homayounfar M, Ibrahim S, Pender G
(2017) Development and application of coupled system dynamics
and game theory: a dynamic water conflict resolution method.
PLoS ONE 12(12):e0188489

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.



	Sustainable water resource management through conjunctive use of groundwater and surface water: a review
	Abstract
	Introduction
	Global scenario of conjunctive use
	Climate change and conjunctive use
	Conjunctive use modeling
	Optimization of conjunctive use
	Advantages and constraints of conjunctive use
	Discussion
	Future scope
	Conclusions
	Acknowledgements 
	References




