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ABSTRACT

The implementation of conjunctive operation of surface water and groundwater is an
efficient way to make good use of water resource, strengthen the management of groundwa-
ter resource, and solve the problem of water resource shortage in China. This research firstly
summarizes the sort of conjunctive operation system of surface water and groundwater, and
the principles to conduct conjunctive operation, introduces the mathematical mode category
of conjunctive operation of surface water and groundwater, analyzes the present research sit-
uation of the optimal methods of it at home and aboard, makes clear the problems existing
in this field, and then prospects the research tendency of this field. By the way, it puts for-
ward an idea that the cross and fusion of hydrology, meteorology, ecology, soil science, and
computer science will be the future research tendency of conjunctive operation of surface
water and groundwater; so it supplies reference for further study of this field.
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1. Introduction

In China, water resource distribution is seriously
unbalanced, and the south of China is rich, while the
north is short of it. So over exploitation of groundwa-
ter is very severe in some areas of the north, a large-
scaled cone of depression of groundwater exists in
these areas as a result, and some areas face the threat
of exhaustion of groundwater resource. Meanwhile,

due to poor knowledge of groundwater resource,
imperfect measure of management for water resource,
lack of unified planning and unreasonable allocation,
water resource is severely wasted. In order to make
good use of water resource, solve the problem of the
shortage of water resource in some areas and meet
the need of the development of industry and agricul-
ture, in addition to saving water and increasing water
resource, strengthening combined exploitation of mul-
tiple water resource is the efficient way in China,
especially the implementation of conjunctive operation
of surface water and groundwater.*Corresponding author.
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2. An outline of conjuctive operation of surface
water and groundwater

The so-called conjunctive operation of surface
water and groundwater is a kind of mode of water
exploitation and utilization, which is based on the
consideration of the respective hydrological law of
surface water and groundwater and their mutual
effects, to conduct a manual adjustment of surface
water and groundwater regarding them as a whole to
achieve optimal allocation and sustainable utilization
of water resources in some area. The thought of con-
junctive operation is to make use of the feature of
which peak period of the groundwater runoff comes
later than that of stream runoff [1]. That is to say, in
low-flow season of surface water, groundwater can
be properly overexploited to meet the need of water,
meanwhile, to vacate underground storage, while in
ample flow season, surface water abandoned is used
to recharge groundwater that is overexploited in
low-flow season. The implementation of conjunctive
operation of surface water and groundwater can
achieve reasonable spatiotemporal allocation of water
resource to improve utilization ratio of water
resources and water-supply guaranteed rate and
realize comprehensive treatment of drought, water
logging and alkali.

2.1. The sort of conjunctive operation system

According to the existing form of surface water
source and the complex degree, conjunctive operation
of surface water and groundwater can be divided into
3 sorts.

(1) Conjunctive operation of surface reservoir and
underground water layer

This sort is special for that surface supply water
system is reservoir with the capacity of regulation and
storage, which reservoir can be a single one, parallel
ones or several in series, while underground water
layer can be divided into several different unites
according to their hydrologic geology condition, natu-
ral geographical condition, economic condition, and
administrative division.

(2) Conjunctive operation of river diversion project
and underground water layer

Corresponding to the first sort, the surface sup-
ply water system of this sort has not the capacity
of regulation and storage, which relies on the natu-
ral runoff water supply, so it varies greatly with
the change of rainfall in plentiful and low water

period, so irrigation guarantee rate is relatively low.
This sort of system gives priority to utilizing stream
flow and conducts artificial recharge of groundwater
in rainfall of plentiful period, while in the low
water period, the groundwater is exploited to
improve the water-supply guaranteed rate, so artifi-
cial recharge of groundwater in this system appears
very important.

(3) Conjunctive operation of multiple surface water
sources and groundwater

As for a area or a basin, surface water supply sys-
tem can be not only reservoirs but also rivers; in this
sort of conjunctive operation, the amount of surface
water supply projects, groundwater supply projects
and customers of water using is large, and the rela-
tions of these subsystems are complex, so it is charac-
terized by huge scale, complex structure and multiple
objectives.

However, whatever the conjunctive operation is,
when the scale of irrigation area is comparatively
large or the situation of it is complex, it is neces-
sary to divide the area researched into several suba-
reas to study [2]. According to topography and
geomorphology, hydrogeology condition and the
character of surface water supply, the conjunctive
operation in these subareas may vary greatly in
their methods. Considering their main elements,
these subareas can be divided into 3 sorts: (1) well
canal irrigation area (2) canal irrigation area (3) well
irrigation area.

2.2. Conjunctive operation principles

The principles as below should be abided, while
conjunctive utilization of surface water and ground-
water is conducted [3]:

(1) Focusing on long-term plan, adapting to local
condition

When conjunctive utilization of surface water
and groundwater is conducted, it is necessary to
make an overall arrangement with the principle of
making full use of surface water and putting
groundwater to rational exploitation, taking the need
of water of local industry and agriculture in recent
and forward days, the distributive feature of surface
water and groundwater in planning area into
consideration.

(2) Comprehensive governance and unified
planning
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The project of conjunctive operation of surface
water and groundwater should take the comprehen-
sive governance of natural disaster of drought, water
logging and salinity into consideration, in this way,
the problem of drought can be solved, and so can the
measure to prevent water logging and land Staliniza-
tion be put forward, for which comprehensive gover-
nance and unified planning can be achieved.
Especially groundwater utilization not only can sup-
ply water resource to farmland irrigation, but also can
prevent salinity and water logging through exploiting
groundwater to lower groundwater level. Besides, due
to the groundwater exploiting before flood season, the
underground storage vacated becomes available in
flood season to be recharged, as a result, the ground-
water level would not rise beyond the highest water
logging level, for which a beneficial condition to pre-
vent drought and water logging can be achieved.

3. Research status at home and abroad

In recent 40 years, with the development of com-
puter technology, researches at home and abroad usu-
ally take the way of system analysis to study the
complex system of conjunctive operation of surface
water and groundwater with multiple water resource
and multiple users to put forward various mathemati-
cal models and optimization methods.

3.1. The mathematical model of conjunctive operation of
surface water and groundwater

Mathematical model is an abstract of real system;
it uses a set of organic combination of mathematical
equation to express research problem or system. As
for the specific research problem of conjunctive opera-
tion of surface water and groundwater, researchers at
home and at abroad put forward various mathemati-
cal models according to “problem orientation” or
“method orientation.” No matter what is complex
model or simple one, mathematical model of conjunc-
tive operation of surface water and groundwater
always includes three submodels as below [4].

3.1.1. Physical submodel

Physical submodel is a mathematical model to
describe the physical characters of water resource sys-
tem, while common hydrological model is one of the
physical models. According to distribution status of
parameters, physical models can be divided into
lumped parameter model and distributed parameter
model.

(1) Distributed parameter model

So-called distributed parameter model refers to the
system parameters closely relating to temporal and
spatial variation, it subdivides the research area into
some kinds of subareas according to a certain rule,
which subareas take respectively different values.
Especially, the distributed parameter of groundwater
model can obtain the groundwater status of every
spatial point in different period. Because distributed
parameter model describes dynamic changing process
in a comparatively subtle way, it can be used in the
research of large-scaled, heterogeneous and complex
conjunctive operation of underground water layer sys-
tem and surface water system and also can be used in
the research of long-term planning problem and
short-term conducting problem. The shortcoming of
the model is its high requirement of data and it needs
clearly understanding local hydrogeology situation
and with the model, it is difficult to describe
hydraulic connection between surface water and
groundwater.

(2) Lumped parameter model

When real problem is unclear or the variation of
parameter with time-space coordinate need not know-
ing, and the only way is from the macro-angle to hold
the changing law of the whole system status with the
change of time, lumped parameter model is mainly
used to deal with the system problem. That is to say,
the system is treated as black box without concerning
the inner mechanism of the system, while just con-
cerning the relation between input value and output
value. As for conjunctive operation of surface water
and groundwater, water balance equation is taken to
describe surface water, groundwater and their
hydraulic connection. Lumped parameter model
needs little data and can easily be used to describe
hydraulic connection between surface water and
groundwater. However, state variable is represented
by mean water level of aquifer system, so it can just
be used in homogeneous aquifer of a small area or
planning problem.

3.1.2. Management submodel

Management submodel is a model to describe
reaching the management goal under the situation of
meeting the requirement of various society, economy,
resource, and environment. With the developing of
management theory and method of water resource,
management submodel of conjunctive operation of
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surface water and groundwater has developed from a
single goal at beginning into a multiple-goal planning
management model including resource, society, envi-
ronment and economy.

3.1.3. Coupling model between the two

Coupling method of physical submodel and man-
agement submodel includes simulation method,
embedding method and response-function method.
Simulation method makes use of the physical model
to set up a group of nonlinear equations for
response function of different decision variable to
get iterative solution. Coupling method based on the
concept of embedding method is to take the whole
physical mode (surface water salinity, soil water and
salt, Simulation of groundwater salinity) as equality
constraints to be directly added to optimization
model or as state transition equation to dynamic
planning of time-related decision. Due to the fact
that the equation to describe physical system is sim-
ple, it can be embedded in optimization model in
the constraint form to become a physical feasible
constraint, common lumped parameter model is a
coupling method which is used more, while distrib-
uted parameter model is used less for its large-
scaled algebraic equations and its enlarging with the
increasing in period. Moreover, response-function
mainly takes advantage of superposition and times
of linear system or quasilinear system, and uses
pulse response-function and the concept of convolu-
tion integral to express the response of physical
system for different management decision, so that
physical system and optimization model can be
connected.

Among these three couple methods, embedding
method is the most convenient and visual and can
directly take physical feasibility constraint into consid-
eration in optimization. But because this method can
result in enlarging the scale of optimization, its
requirements of algorithm and computer memory are
high. Response-function method is an indirect way,
which firstly need obtain system response of unit
pulse by conducting physical model and then
expresses the response relationship of decision and
system by convolution integral in optimization model.
Its physical meaning is clear; the discrete form of it
can change physical constraint into linear constrain, so
that the planning problem becomes easier, for which
this method is the most vital one. But as for the con-
junctive utilization system with complex hydraulic
connection or nonlinear system, the calculation of
response function is not easy.

3.2. Optimization method of conjunctive operation of
surface water and groundwater

With the developing of system engineering theory
and optimization technology, there are five kinds of
usual methods about optimization method of conjunc-
tive operation of surface water and groundwater: lin-
ear planning method, nonlinear planning method,
dynamic planning method, large system decomposi-
tion-coordination method and simulation technology.

3.2.1. Linear planning method

Objective function and constraint condition of lin-
ear planning method are linear, due to the fact that
linear planning can use simplex method, a general
algorithm to solve; linear planning has been widely
applied to conjunctive utilization system. This
research had been conducted in 1960s abroad; Castle
et al. [5] is the first person to introduce linear plan-
ning to conjunctive utilization system of surface water
and groundwater between two agricultural customers.
Willis et al. [6] used linear planning method to solve a
complex conjunctive utilization problem of a surface
reservoir and four underground water units. Khare
et al. [7] set up linear planning model of conjunctive
utilization system of surface water and groundwater,
in which objective function achieves the greatest eco-
nomic benefit through optimizing structures of crop
planting and analyzed economic benefits of planting
structures under six projects.

In China, until the early 1980s, application research
of linear planning method to conjunctive utilization
system of surface water and groundwater is con-
ducted. Li et al. [8] made use of irrigation model of
Smith from Harvard University, modified this model
according to the real condition of irrigation area of
China and drafted deterministic model of linear plan-
ning of the conjunctive utilization of surface water
resource and underground water resource. Liu et al.
[9] took groundwater depth as main environmental
control variable, decided the optimal water using pro-
ject of groundwater, surface water and diversion
water with linear planning method. Shao et al. [10]
took the water supply in the urban area of Bao Tou
city as an example, applied response matrix method
to couple groundwater numerical model into linear
objective planning, which takes maximum industrial
output value, the minimum water supply expenses,
controlling the groundwater to the best level and fur-
thest meeting the need of agricultural water consump-
tion as its goal to build multiobjective linear planning
management model, which obtains the optimal distri-
bution project of groundwater in each area and each
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customer by the solution of linear objective planning.
Wang et al. [11] took urban domestic water consump-
tion, rural domestic water consumption, industrial
water, farmland irrigation water, eco-environmental
water consumption and salt washing water into con-
sideration to calculate distribution proportion of
ground water and surface water in different level
years and different units to prevent soil salinization.
Liu et al. [12] took the method of linear planning to
set up a model of conjunctive operation of surface
water and groundwater in the basin of Huang Shui
River, whose object is the maximum amounts of water
supply, this model coupled the balance equation of
reservoir water with the numerical simulation model
of distributed groundwater through leaching losses
between surface water and groundwater. Lu et al. [13]
applied the method of fuzzy linear planning of nonac-
curate rough interval to conjunctive operation project
of water resource of agricultural irrigation system and
comparatively analyzed the results of fuzzy linear
planning of same interval value of settlement results.

3.2.2. Nonlinear planning method

Among the real problems, most mathematical plan-
ning models belong to the problem of nonlinear
planning. According to specific problem, nonlinear
planning model usually puts forward specific pattern
of mathematical models to find out concrete solution
because it has no general solving method. Matsukawa
et al. [14] made use of general reduced gradient
method of nonlinear planning to solve distributed
parameter of reservoir, river, and groundwater system
in conjunctive utilization, by the way to take power,
water supply and environment, multiple objectives
into consideration. Bharati et al. [15] set up conjunctive
operation model of surface water and groundwater in
Volta Basin through dynamic coupling economic
model and hydrological model, in which economic
model applies the nonlinear optimization engine of
GAMS to the solution.

As for conjunctive utilization of multiple water
resources: groundwater, local runoff, lake waters,
interbasin water transfer and return water, Li et al.
[16] combined with the practical operation of gate,
station, cascade river net of irrigation and drainage
canal to set up a nonlinear planning irrigation model,
which takes the fact that crop’s water requirement
changes with the change of output, and the nonlinear
relationship between expense and water supply into
consideration. Finally, optimal distributive
proportions of various water resources and crops
planting patterns are solved under the condition of

maximizing annual net benefit in different four years.
Huang et al. [17] used Jensen forecast model to reflect
the relationship between water requirement and out-
put in each stage of the whole-growth period and
then set up nonlinear forecast mathematical model
with a parabolic formula which can approximately
solve crop output in different irrigation treatments to
realize optimal operation of three water resources:
pumping station pumping, artesian water, and well
water. Cheng et al. [18] applied experimental optimi-
zation method to the solution of the nonlinear model
of conjunctive operation of groundwater and surface
water, which supplies a new way for the optimization
of a complex large-scaled conjunctive operation sys-
tem of surface water and groundwater. Li et al. [19]
applied nonlinear planning techniques to setting up
conjunctive operation model of surface water and
groundwater with the object to achieve the maximum
economic benefits of irrigation districts, and the con-
straint condition of balance equation of water supply
and water needed, available water supply and
groundwater level.

3.2.3. Dynamic planning method

The dynamic planning method with its methods
improved (including the state increment dynamic
planning method, the discrete differential dynamic
planning, etc.) is one of the basic mathematical meth-
ods widely used in optimal technology. It can be used
to analyze the process of multistage decision to obtain
the optimal project of a whole system. For the prob-
lem of conjunctive management of surface water and
groundwater, as the reservoir problem has a seasonal,
periodic and multi-stage character in terms of time,
the dynamic planning model is adopted and is widely
applied to conjunctive management of surface water
and groundwater.

Buras et al. [20] first introduced the dynamic
planning method into the conjunctive utilization sys-
tem of surface water and groundwater and set up a
model for conjunctive utilization of surface water and
groundwater. In order to overcome the dimensional
problem of conjunctive utilization of multiwater
sources, Noel [21] transferred the conjunctive
utilization problem into a discrete time linear
quadratic control problem and solved it by dynamic
optimal system control theory. Karamouz et al. [22]
took the way of dynamic planning to set up conjunc-
tive use of water resource of city area in Teheran and
made use of relative data to set up mathematical
model of water level change of stimulating aquifer to
calculate the response function of aquifer.
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Cai et al. [23] took the People’s Victory Canal irriga-
tion district as the research example, considered the
randomness of seasonal rainfall amount, chose the sea-
sonal rainfall amount and water storage amount in
aquifer as the state variables, established a stochastic
dynamic planning model for conjunctive utilization of
surface water and groundwater and calculated the opti-
mal amount of water pumped and diverted in each sea-
son as well as the probability distribution of initial
groundwater table and the amount of pumped water.
Tang [24] studied a certain irrigation district in the
middle reaches of the Yellow River, set up a multiobjec-
tive optimization model for water resources allocation
in large river basin and proposed the solution of hierar-
chical dynamic planning for large scale system. Dai
et al. [25] took the minimum cost of water supply as
the objective function and the water storage amount in
the supply points of the groundwater and surface
water as the state variables, then selected the typical
hydrological years and finally constructed a dynamic
planning model for conjunctive regulation of
groundwater and surface water. Yang et al. [26] set up
multiobjective conjunctive use model of surface water
and groundwater, in which dynamic planning method
is applied to the conjunctive operation of surface
reservoir groups, groundwater exploitation is solved
by numerical simulation method, in this way
dynamic planning and numerical simulation program
are embedded in multiobject genetic algorithm to
calculate.

3.2.4. Large-scale system decomposition–coordination
method

With the development of control theory and
large-scale system theory, the large-scale system
decomposition–coordination method became the most
prospective approach for the planning and manage-
ment of complex water resources system. The actual
groundwater and surface water system is undoubt-
edly an open complex giant system, and thus, its opti-
mization problem could be solved by the large-scale
system decomposition– coordination method.

The work of Haimes [27] is the representative for
the application of large-scale system decomposition–
coordination method to the conjunctive management
problem, which takes each constraint and the social eco-
nomical objectives into consideration and describes the
groundwater system by distributed parameter model.
But it has too many factors and is too complicated to be
applied to practical situation. Matsukawa [28] applied
this theory to Mad basin in California to solve the prob-
lem of conjunctive use of river and groundwater sys-
tem. In order to conduct optimum water resources

allocation, Cosgrove et al. [29] set up conjunctive opera-
tion model of surface water and groundwater with the
method of large-scale system decomposition–coordina-
tion, linear planning and dynamic planning.

Ru [30] applied large system optimization to the
expansion and reconstruction planning of the well-
canal combined irrigation areas, who constructed a
three-level large system optimization–coordination
model which was decomposed by time and regions
and used this model in Shijin irrigation area to get the
optimal results of water allocation of surface water
and groundwater, the irrigation area and the scale of
seepage control project in subareas. Liu [31] adopted
hierarchical analysis of large system method to estab-
lish a hierarchical large system model for the water
resources of Beijing-Tianjin-Tangshan area, and pro-
posed the combination of simulation technology and
optimal method as the solution. Qi et al. [32] con-
structed a hierarchical large system management
model for the conjunctive regulation of diverted water
from the Yellow River and the groundwater and deter-
mined the optimal water allocation amount of diverted
water and groundwater in each sector and the optimal
planting area for the crops by large-scale system
decomposition–coordination method. Zhang [33] took
the maximum net benefit of irrigation as the objective
function, established a large-scale system decomposi-
tion–coordination model for conjunctive regulation of
surface water and groundwater in the irrigation dis-
trict, which includes simulation and optimization of
irrigation schedule, optimization of water allocation
among crops and optimization of diverted water allo-
cation in sub–areas. The research determined the opti-
mal allocation of the diverted water from the Yellow
River among the subareas of Penglou irrigation district
and the optimal allocation of surface water and
groundwater in each growth period for the major
crops of the irrigation district. With the example of
Cha Ha Yang irrigation district, Xu et al. [34] applied
the theory of large-scale system decomposition–coordi-
nation to setting up optimum water resources alloca-
tion of irrigation districts with two-layer structure, in
which the operation of surface water and groundwater
is taken into overall consideration.

3.2.5. Simulation technology

The simulation technology is one of the effective
tools to realize the optimal decision for complex
water resources system, especially in the conjunctive
regulation of surface water and groundwater, its
application is relatively broad. The simulation model
as the mathematical planning consists objective
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function and constraints, but it also includes system
operation rules. The system operation rules for the
conjunctive regulation of surface water and ground-
water include the reservoir operation rule, river
water diversion rule, groundwater management rule
and the conjunctive regulation rule. Moreover, the
simulation model generally needs a relatively accu-
rate mathematical model, and its solution approach
is different from the mathematical planning. Before
the simulation appearing, the simulation technology
must assign values to the decision variables and
make the decision according to the operation rules.

Wong et al. [35] conducted a simulation calculation
for the conjunctive utilization of surface water and
groundwater in Dashi River Basin of Beijing. He
mainly considered the surface runoff formed by pre-
cipitation and the infiltration, selected three types of
hydrologic model including the typical probability
year method, field measurement time series method
and artificial series statistical experiment method to
make a simulation comparison. But its groundwater
regulation only reckoned with the shallow groundwa-
ter without considering the deep groundwater. Yuan
[36] put forward a mathematical model with only four
parameters to simulate the movement and water equi-
librium trend of the surface water and groundwater
in a river basin or an irrigation district and to deter-
mine the optimal ratio between the canal irrigation
and well irrigation and the scale of irrigation area. Yin
et al. [37] conducted numerical simulations by
MODFLOW for 4 well-canal irrigation projects of the
study region and got a satisfactory result. Wang et al.
[38] utilized FE-FLOW to construct a three-
dimensional numerical simulation model for the
groundwater flow and based on it to have studied
the infiltration simulation of the river channels and
the sandpits in the western suburb to provide two
feasible projects for the conjunctive regulation of sur-
face water and groundwater. Sarwar et al. [39] set up
conjunctive operation model of surface water and
groundwater with the stimulation technique and
dynamically stimulated groundwater level under dif-
ferent projects with FEFLOW. Safavi et al. [40]
applied trained artificial neural network to setting up
prediction model of groundwater level, with which
optimum model is combined to set up optimum-stim-
ulation model of conjunctive use of surface water and
groundwater, this model is calculated through genetic
algorithm.

3.2.6. Other methods

In recent years, neural network, grey system,
fuzzy theory, chaos theory, genetic algorithm,

intelligent decision support system as well as the
other methods were used more and more in the con-
junctive regulation of surface water and groundwater.
Furthermore, the model formed by the combination
of multioptimal methods also gains a rapid develop-
ment, such as the combination of dynamic planning
and the simulation technology and the combination
of optimal algorithm and grey system, fuzzy theory,
etc. The co-use of these methods can not only solve
more complicated problems but also improve the
model fidelity.

4. Existing problems of the research

In conclusion, the research on the model of con-
junctive regulation of the surface water and ground-
water and on the optimal methods has achieved many
valuable results. However, with the development of
the study, problems in the conventional mathematical
planning methods become more and more obvious,
which is represented in the following three aspects:

First, theory does not integrate with practice. At
present, many conjunctive regulation models of sur-
face water and groundwater only stay in the theoreti-
cal discussion stage and the results cannot really be
used in the production practice. Though more and
more factors are considered in the conjunctive regula-
tion model, there is still a difference between the
model and the practical situation of the complex sys-
tem. In reality, it is inevitable that the boundary con-
ditions and the causality will be simplified, and after
the simplifying, the model is unable to reflect the con-
ditions of the conjunctive regulation system. So how
to transfer the theoretical achievements of the conjunc-
tive regulation of the surface water and groundwater
to productive practice is one of the difficult problems
faced by the researchers.

Second, as the conjunctive regulation of surface
water and groundwater involves many factors like
hydrology, ecology, soil, crops etc., these factors
mutually affect and restrict each other and form a
complex large system, which includes many problems
with randomness and uncertainty. But the current
stochastic planning is only capable to process quite
limited stochastic factors such as the system input,
and how to effectively deal with the complex
uncertain problem still needs further research.

Third, presently, the meso-scale conjunctive regu-
lation of surface water and groundwater in irrigation
district has accomplished lots of results, but its large
scale and micro-scale research is inadequate, and the
research on parameter calibration for the conjunctive
regulation model, sensitivity analysis and model
verification is relatively insufficient.
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5. Development trend

With the technology development, in future, it
should combine the computer technology such as
expert system, decision support system, 3S technol-
ogy, artificial intelligent technology, etc. with the
numerical simulation and system analysis, construct a
meta-synthesis model for the conjunctive regulation of
surface water and groundwater and realize the inte-
gration of different temporal and spatial scales and
the calibration of uncertain parameters. On the basis
of it, the development of the commercial software
really can be used to guide the production practice is
one of the main development directions.

The conjunctive regulation of surface water and
groundwater involves dualistic water cycle in the
river basin, water resource management and planning,
eco-environmental protection, land use etc, and its
research scope relates to hydrology, water resources,
ecology, soil science, meteorology etc. Only by study-
ing the interaction mechanism of the surface water
and groundwater from a multi-subject angle and
uncovering the law of conjunctive regulation from
different aspects, can we make up the deficiency in
present research, radically improve the agricultural
water management level, and apply the research
results of water resources system to productive prac-
tice. Thus, the multidisciplinary cross and fusion of
hydrology, water resources, ecology, soil science,
meteorology, computer science, etc. will be the inexo-
rable trend for the future development.
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