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This article addresses pressing issues in the field of water resource management, with a particular focus on
the development of mathematical models and quality criteria designed for the efficient and precise
management of water distribution systems. These systems include river basins, primary canals, and inter-farm
waterways, which are critical for ensuring sustainable agricultural and industrial activities. The article
analyzes various challenges encountered in the development and implementation of operational management
systems, such as water scarcity, uneven distribution, and technical inefficiencies. It further explores potential
solutions and highlights the necessity of adopting advanced mathematical approaches, algorithmic methods,
and intelligent software tools to improve system performance. Emphasis is placed on the integration of real-
time data processing and predictive analytics to enhance decision-making processes. Additionally, the study
presents the design and testing of newly developed algorithms aimed at addressing real-time distribution
challenges, supported by custom software applications capable of automating key functions in water

management systems.

1 INTRODUCTION

With the growing reliance on computer
technologies in the management of water and land
resources, alongside increasing demands for the
efficiency of resource management within river
basins, primary canals, and inter-farm waterways,
the necessity arises to develop advanced algorithmic
and software tools. These tools aim to address
operational management challenges for water
resources, enabling the optimal utilization of water
management infrastructure. Such solutions are
expected to minimize unproductive losses of water
and energy, enhance the operational efficiency of
facilities, and establish a resource management
system that operates effectively within the
constraints of limited capital and operational
budgets.

At present, the process of operational water
distribution management in river basins, main
canals, and inter-farm waterways faces significant
challenges. These include notable discrepancies
between actual and desired water distribution
regimes, leading to over-supply in some areas and
shortages in others. Additionally, unproductive

water losses occur due to inefficiencies in the
existing water management system. Consequently,
it becomes crucial to analyze and select
mathematical models that describe the dynamics of
water systems, ensuring compatibility with modern
computer technologies and software tools.
Developing algorithms and programs for simulating
the behavior of water facilities and addressing real-
time operational water distribution management
tasks holds particular significance.

2 MATHEMATICAL MODELS
OF TYPICAL OBJECTS OF
WATER MANAGEMENT
COMPLEXES FOR
OPERATIONAL

Mathematical models designed for sections of a
river basin to address operational management tasks
must strike a balance: they should accurately
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represent the key dynamic processes within the
system while remaining sufficiently simple to
enable efficient computational solutions.

To address operational control challenges,
balance differential equations can be employed as a
mathematical model for sections of a river [1], [4]:

dditi=QiH _QiK + Z QﬁB+ Z QER+QiPR _Qip

jeNM jeN"T

W) (0)=W.) te[0,T]: @

where W, (t) is the volume of water located in

section i at time t , Q™ and is Qthe water

consumption at the beginning and end of the
section; Q;° and Q" - water flow of the j -th water

intake and the j -th concentrated inflow of the i -th
section; QiP - intensity of water loss due to filtration

and evaporation of the i -th section;, QipR forecast

water flow of distributed tributaries; W, (t)-

initial value of water volume in the i -O m area; T is
the duration of the operational control interval.

In general Q, Q2%, WY (t), QF depend on

ji
the water level HiY in the river section and on the

hydraulic and morphometric characteristics of the
river section and hydraulic structures [2].

Mathematical models of reservoirs. The
variation in reservoir water volumes over time for
operational management purposes is represented by
the (2) [3].

thB PR B3 P POP
T: ZN;V‘ jS _~ZN:Z le _Q| _Qi
Je JeN;

)
W2 (0)=W2,te[0,T],

where W,® (t) .is the volume of water in the i -th

reservoir at time t ; Q}" and Q}° - water flows of

the j -th inflow and j -th water intake of the i -th
reservoir; Q- intensity of water loss in the

reservoir and Q%"

from the reservoir.

Restrictions on operating modes of sites,
reservoirs and control and management points have
the form [3]

- flow rate of water passing

WiYmin SWiY SWiYmax’ (3)

Wijin SWjB SWijaX ’
min max
jS SjS SjS )

i B mi B
where W™, W™ WY W ™ are - the

minimum and maximum values of water volumes of
the river and reservoir sections. These values are
determined from the morphometric characteristics
of the river section and reservoir.
Mathematical models of pumping stations.
A) Lifting height (static head) - defined as the
difference

H=H,+H,. 4

levels of the upstream and downstream of the
pumping station.

B) Characteristics of pressure losses in the
pipeline - presented in reference catalogs in the
form of functional curves, depending on the
flow and lifting height [8], [15]:

C[Q) I=LK; (i=LN), N=M |.(5)
Q‘r = i
H/ J=1K
Where:
Q).
1) argument for the pressure

characteristics of the pipeline, i.e. supply of
the i-th pumping unit;

2) K - number of points in the pressure
characteristic;

3) N is the number of operating pumping
units;

4 H!=H+AH i

5; pressure characteristic function;

6) A Hj- pressure loss.

C) The performance characteristics of the
pumping unit are depicted as a set of curves
that illustrate the relationship between the
water lift height and various impeller blade
angles:

Q=0 i=1N. (6)

j H.Q¢p

uQ

H.m,p?

Where Qij is the flow characteristic of the
pumping unit
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Qf  T=LN. (j=1K)
Qp o, =1H i=LN,
¢J J:m

1) energy characteristics of the pumping unit
n,i=1LN,(j=i,K)

Q H,i=1N

H.n.0 =

o5 1=,

A

2) P .- corner reversal blades, corresponding

J crooked;

3) Un efficiency I th pumping unit for ).
ouch crooked.
D) Acceptable area D of work pumping unit V

coordinates Q-H defined by the following
external boundaries:

Dl =™ N, 6,

Dlimm = QiTmm ﬂQiH,Q«/J (7
Domax = QIH,Q,(/?W

Dimin = QiH,Q,wmm

g de QI QM- characteristics of the
pipeline at the maximum and minimum
geometric height of the modem; @,....s @i -

maximum and minimum angles of rotation of
the blades on the pump unit [10]-[12].

If the values Q and H fall within the region
D, it is assumed that the unit can supply the
required water flow. Otherwise, this operating
mode is considered unattainable for the unit.
When multiple units are in operation, the
permissible area boundaries are defined
collectively

Qip =( ﬂQH ,Q,rp)ﬂQH Q1

P =07 Qp0, cQQL O (6)

H.n.0

by aggregating the flow rates within the
defined region boundaries at a fixed lift height.

E) The operation of each pumping unit is
described by three key parameters: flow rate,
manometric lift height, and efficiency [8], [9]:

(Hpb'Hvb'l//)’

where: gz);) is the rotation angle of the blades i

of the th operating pump unit. Consequently,
the flow rate and efficiency i of the pumping
unit are determined from the expressions.

F) The overall flow and power consumption of
the pumping station are calculated by
summing the individual flows and power
consumption of the operating units:

QHC = Z Qi ! ©)
ieNP
where:
— ., H .

1) Ni =7 Q /102n, , | KW/ - power ! of

the the pumping unit;
2) 7 volumetric weight of the pumped

liquid [6].

Nue = D N, (10)

ieNP

Mathematical models of the canal section. The
condition of the main canal section is defined by
variable water flow and is represented by a set of
partial differential equations, known as Saint-
Venant equations:

8 2. _g,
ot oX

@Jr@(Q*w):qw{@ZoJrQ@q (11)
ot oX oX K

0<x<lI>t,

where: Q = Q(x,t) water
Z =Z(x,t)- ordinate of the free surface; O-

gravitational constant; | - bottom slope; B = B(Z)-
width of the flow along the surface of the living
section; W = W (Z)- live cross-sectional area of the
flow; C = C(Z)- speed of propagation of small
waves; K = K(Z)- flow module.

The system of hyperbolic partial differential
equations in (11) includes the mass and momentum
conservation equations of the flow, serving as a
mathematical model for the unsteady flow of water
within an open channel section and free surface
ordinate Z(x,t)are chosen here as functions that

consumption;
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determine the flow Q(x,t). The independent
variables are longitudinal coordinate Xand time t.
The channel is characterized by the bottom

elevation Z,(X)and the cross-sectional width

B(x.t) atavertical distance Z from the channel bed.
Then:

= g flow depth: "D =Z(XD=Z,().
= cross-sectional area of the flow

W(x,h) = jl B(x,z)dz

= average current speed: U=Q/w :
= speed of propagation of small waves:

C=Jow/B
2,
= bottomslope: X .

K=W*CJR, (12)

Flow module K(X,h) characterizes the
magnitude of friction forces and is determined by
the following formula: where: R = W /X- hydraulic
radius of the channel; X- wetted perimeter of the
channel; C- Chezy coefficient.

To determine the Chezy coefficient, there is a
whole series of empirical formulas [7]. Pavlovsky’s
formula can be accepted as one of them:

c =1R7,y=2,5\/H—0,13—o,75\/§(\/ﬁ—0,1), (13)
n
where 77is the channel roughness coefficient.

To analyze the state of an object using the
mathematical model, it is essential to define initial
and boundary conditions that describe the solution's
domain of determination.

The initial conditions are given as:
Q(X’O):Qo(x) , (14)
Z(X,0)=Z,(X)

where: Qo (X), Zo(X) are known functions.

In general, the boundary conditions can be
written as follows:

Q. =FR[Z,1).20.1.51).-S O] 5,
QL) = F,[Z,, (1), Z(1,1), S/ (t),..S" (1]
where: S/ (t),(i=1,...N,), Control parameters

of the hydraulic structure located at the initial
alignment X =0, S/(t),(i=1...N,), control

parameters of the hydraulic structure located at the
initial alignment X =0, N;, N, number of control

parameters.

The boundary condition expressions vary based
on the type of hydraulic flow beneath the gate, and
they take the following form [13]:

Q1) = 148,(1)/29[Z,, (1) - Z(0,1)]
QL) = 1,5, (120 [Z(1,1) = Z,, (1)]

where: f,, M, - cost coefficients of partitioning
structures; S;, S, - opening areas of the gates of

partitioning structures.

3 ALGORITHMS FOR
MODELING DYNAMICS OF
TYPICAL WATER
MANAGEMENT FACILITIES
FOR OPERATIONAL WATER
DISTRIBUTION CONTROL

The discrete versions of the balance (1) are
formulated as follows
WiYK+1_WiYK= HK_Q1.33K+

tg t J

Yieng, Q7 + X jenmi QFFF + QFFF — QFF (16)
W' =WYi=12,..N;; K=012,..

The superscripts K +1and K - mean that the
corresponding variables are taken at the moments

te and t, Aty = tgyq — ty- time discretization

step.

Algorithms for modeling reservoir dynamics.
The discrete counterparts of the balance (2), which
describe the dynamics of the reservoir filling and
drawdown process, are expressed as follows [13],
[14]

WBKH _WBK n n non 17
%:ZQJPK_ZQFM_QtK_ tOK ( )
tK jeN/ jeN/

W =WE; i=12,..N,; K=012..

to?

Constraints (3) have the form:

Ymin YK Ymax-
WY WL < W Yoo
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Wijin SijK SWijax : _ANW K+l KWNK+1 — D,\IT , (22)
K K [pK K
i=12..N,; j=12..Ny;n=12.W,, . AX :[allN alZN]. B - Bin BlzN:|.
K K| K K |
a B B
Algorithms for modeling the dynamics of a an - Baan AN e
channel section. For the numerical solution of these BX, B [cK  cK
boundary value problems, it is useful to express the Bi=| .l Cl=l L
system of (11) in its characteristic form: Bi2o Baao 1Ci0 Cao
ou au __ K LS
SSLHST=F(U,K,1). (19) y :[dm]; DY = df }
The characteristic representation of the system dy _dZKN

11) is gi the following form: .
(11) is given by the following form The components of these matrices and vectors,

5= [ B(o— + C) U= [Q] _ when solving the system of (20) with the boundary
1 —B(oc—0C) ’ conditions (22), are expressed in the following
form:

the finite difference method is applied to
numerically solve the boundary value problems

@0 and (230, . A =00 &= (i Sl + A S
In the area we introduce a grid with steps h by
Xandt by T.
K . K .
={0<x<e,0<t<T} a,y =0; 22N = M’AN Sion +ﬂ'22N SZZN

@ = {(Xe, ) + X, =th; t; = jz; i =0,1,..N; j
=01,..M; h=1l/N; 1=T/M}

K

o)
By approximating the system of (19) with an Biw =L Bl =Ssn 7| oo |+ (Ao St oo - Sh )
o A Q) h
unconditionally stable implicit difference scheme, N
which has second-order approximation in space and
first-order approximation in time due to
linearization, we obtain a system of difference
equations for the internal grid points [15-17]

By =1 Byon = Soan +T[ ﬂ?m St + oo * Soan )

K \wK-AL, pky KA ~K K _ K p_
A WS+ BRWLT -G Wil = Dy P =1,...N. (20) B =1 Biio = St + ( j110 S0 + Ao 210)

where (19):
WPK+1 =Ur!)(+l; UrL(Jrl =U(Xp,tK+l)'

K T K K K oF
=——(S)5; Br =Sp —
Ao 2h( )r P T(@Uj

ck=L(@s)s; Df=|sk-¢ (aFj UK +cFK;
2h -

Bszo =1 Béo = S1§0 ( J 2110 S1}20 + 2120 220)

CzKlo =0 Cllio (/1110 Sllio + /1120 120)

ou
K K K
ﬁ: oF 16Q . Cpo=0 Cio = (ﬂno Si20 +/1120 220)
oJ |oFlaoz
Next, by utilizing the systems of (11) and the o ) oF -
boundary conditions, we derive the difference dyp=Uy;  dig=| S~ f[ Qj Q [Sm r(azj }Zo +7Fy
conditions [18]: ¢
BKW K+l_CKW K+1 DK, (21) oF K
0 ° dy=Uz;  doy=| S5 T( Q] o} {S;zo_f(azj }ZE'”FNK'
N N
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Therefore, solving the system of partial
differential (11) with boundary conditions (14)-(15)
is transformed into solving the system of difference
(20)-(22) at each time step {, .

Using the Sweep method, we obtain the solution
in the form of the following relationships:

WP‘“1 = ngpkjll +TF,K ,P=N-1....1,0. 23)
Wt = XAWE T P =1,2,...., N=1N. (24)

By transforming (21) into the form of (23) and
substituting (22) into (20), we derive the expression

for the running coefficients:
Xg =(Bg)'Cq, X5 = (Bs — ASX{,)'Cy (25)
TOK = (B(lJ()_1 DoK ’TPK = (Bg _Agngl)_l(Dg + AI;;TpKfl)
P=12....,N-1

(26)

From the above, it can be concluded that the
numerical algorithm for solving the difference
boundary value problem (20)-(22) follows this
sequence:

1) The running coefficients are computed using
the recurrence relations (25) and (26):

X T X S T

2) The running coefficients are determined by
applying the recurrence formulas (25) and
(26):

X5 T XS TS

3) The numerical values are obtained by applying
the recurrence relations (23) and (24):

WP =0,1,....,N)

It is important to note that the boundary value
problem for the primary variables is solved in the
direction of increasing t beginning from t=0.

Using the developed algorithms, software for
simulating the dynamics of water management
systems in the Syrdarya River basin was created in
Python. This program utilizes a database of water
management facilities and their interconnection
structure.

The mathematical formulation of problems
related to the operational management of water
distribution in river basins, main canals, and inter-
farm waterways is presented as follows. The
primary objective of operational water resources
management is to ensure that the specified water
consumption for consumers is met at every point in

time, while also providing the required volumes of
water in intra-system reservoirs by the end of the
planning period. This can be mathematically
expressed as follows [18,19]:

WtB(T) :Wir?’ ie NBBDX
Qij (t) = Qiij J € Ntst I € N 8 ! (27)

where NBBDX is the set of numbers inside system

reservoirs; NIB3- set of numbers (codes) of PCU

water intakes of the t-th section.

Achieving exact fulfillment of the (27) is not
feasible due to the uncertainty in water inflows to
the sections and reservoirs, the parameters of the
river sections, and the complexity of the transition
processes within the river segments. As a result,
practical solutions often employ various integral or
minimization  criteria for the operational
management of water resources.

One of the key criteria used in operational
management is the volume of water deficit for
consumers over the interval [0, T], as well as the
amount of water remaining in the reservoir at the
end of this period

'1=LTZ 3 gidt+ Y 77 (28)

ieN; jeN jeNgox

While the integral criterion (28) s
straightforward, it has a drawback: the deviation of
the actual regime from the planned one can be quite
significant. As a result, the root-mean-square
integral deviation of the actual parameters from
their planned values is often used as an alternative,
expressed as follows:

:
=} 2 ¥ @ -Quondts 3 we-wey: (29)
ieN; jeNP? jeNgox
Therefore, the problem of operational water
resources management can be framed as the task of
minimizing a chosen criterion that evaluates the
quality of the system, while describing the
movement of water within the basin's water
management network, represented as a graph [20].
In addition to integral criteria, the following
operational management criterion can be applied.
WE@®) —WE | <€ ieNgy,
(30)
|Ql](t)_Q5| S62 jENtBsiiENtBy

here €; and €, are positive constants that represent
the accuracy requirements for operational water
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resources management. Solving the formulated
operational management problems at the river basin
level necessitates the application of advanced
methods for optimal control of complex dynamic
systems, alongside the use of modern computational
technologies.

A software suite designed to simulate the
dynamics of water management systems for
addressing  operational ~ water  distribution
management issues. The software package is
intended to model the dynamics of water
management systems over a ten-day period within a
month, specifically for solving operational water
distribution management problems. The software
package computes the water volume in reservoirs
and river sections over time, utilizing known values
of inflows, water withdrawals, and key
characteristics of reservoirs, river sections,
hydraulic structures, pumping stations, and other
related components [4], [21].

Figure 1 illustrates a block diagram depicting
the interconnection of software modules for
modeling solutions to operational water resource
management problems at the river basin level.

Module for modeling Modeling module

the dynamics of dynamics of river
sections rivers reservoirs
Module-1 Module-2

N v

Module for forming the structure of water
management facilities
Module-3

R

Module for modeling Module for modeling
pumping stations hydraulic structures
Maodiile-4 Module-5

Figure 1: A block diagram of software modules.

Module-1 is responsible for solving equations
related to the dynamics of river sections. It
calculates the changes in water flow (i.e., water
volume transformations) over time within a river
section, including total water intake and losses due
to filtration and evaporation.

Module-2 is designed to solve equations related
to the dynamics of reservoirs. It calculates the

variations in water level, surface area, and volume
over time, along with total water intake and losses
from filtration and evaporation.

Module-3 is intended to simulate the operating
modes of hydraulic structures, calculating changes
in water flow based on the known gate openings.

Module-4 is responsible for modeling the
operating modes of pumping stations, calculating
the changes in water flow based on the number of
active units and their blade rotation angles.

Module-5 is designed to form the structure of a
network of water management facilities.

It is important to note that the modules are
developed in Python and utilize a MySQL database.
The interaction with the database is managed
through importing and exporting data via Excel text
files.

Table 1 and Table 2 presents the results of
modeling the dynamics of water management
systems in the Syrdarya River basin over a ten-day
period with daily discretization. It also illustrates
changes in the operating modes of partitioning
structures within the basin. Table 2 displays the
dynamic water balance for the river sections of the
Syrdarya River basin. The software package is
designed to model the dynamics of water
management systems and address operational water
resource management issues. It can be applied to
any river without modifying the software; only
river-specific data needs to be entered. The system's
versatility is based on representing water
management networks as graphs, where each graph
segment corresponds to a river section, and the start
and end of each segment represent hydraulic
structures, gauging stations, or reservoirs. The
modules interpret this graph, utilizing the required
morphometric data of river sections and basin
objects as input, along with the current state of the
river basin and dispatcher recommendations [22]-
[24].

Using the developed algorithms, programs were
created to simulate the dynamics of pumping
stations and canal sections for the operational
control of the water distribution process.

The input data includes the characteristics of
pumping stations and units, as well as the hydraulic,
morphometric, and technological parameters of the
main and inter-farm canal sections.

The output data consists of parameter values
that describe the dynamic state of the system over
time layers (see Fig. 2 and Fig. 3).
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Table 1: Modeling the operational balance of the water management facility of the Charvak reservoir for the 1st decade

of April 2024.
Limit
Name of the per 1 2 3 4 5 6 7 8 9 10
structure
decade

Inflow
m.cub/s 157.0 | 157.0 | 157.0 | 157.0 | 157.0 | 157.0 | 157.0 | 157.0 | 157.0 | 157.0
m"r'r']‘é’t]efgb'c 1356 | 1356 | 1356 | 135.6 | 1356 | 1356 | 135.6 | 1356 | 1356 | 1356
Release
m.cub/s 207.9 | 207.9 | 207.9 | 207.9 | 207.9 | 207.9 | 207.9 | 207.9 | 207.9 | 207.9
m":é‘;;‘efsb'c 1796 | 179.6 | 1796 | 179.6 | 179.6 | 179.6 | 179.6 | 179.6 | 179.6 | 179.6
Losses
m.cub/s 00 | 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
million cubic 00 | 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
meters
Water intake
m.cubls 0.0 00 | 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
million cubic 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
meters
Volume
m":é‘;;‘efsb'c 1723 | 1718 | 1713 | 1708 | 1703 | 1698 | 1693 | 1688 | 1683 | 1678

Table 2: Modeling the operational balance of the water management facility of the Khojakent reservoir for the 1st decade

of April 2024.
Moo | [ [ e[ aa[s[e[r[e]o ]
Section No. 6
Water supply
m.cub/s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
million cubic meters 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Inflow
-small rivers
m.cub/s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
million cubic meters 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
- water return
m.cub/s 58.0 | 58.0 | 58.0 | 58.0 | 58.0 | 58.0 | 58.0 | 58.0 | 58.0 | 58.0
million cubic meters 50.1 | 50.1 | 50.1 | 50.1 | 50.1 | 50.1 | 50.1 | 50.1 | 50.1 | 50.1
Losses
m.cub/s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
million cubic meters 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Transformation
m.cub/s -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2
million cubic meters -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
Volume
million cubic meters 17 17 17 17 17 17 17 17 17 17
Release into the
downstream
m.cub/s 266.1 | 266.1 | 266.1 | 266.1 | 266.1 | 266.1 | 266.1 | 266.1 | 266.1 | 266.1
million cubic meters 229.8 | 229.8 | 229.8 | 229.8 | 229.8 | 229.8 | 229.8 | 229.8 | 229.8 | 229.8
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Figure 2: Curves of the dependence of surface areas and water volume on water level in the Charvak reservoir.

Water Resource Losses

16

14

10

o]
T

[}

Losses (cubic meters)

S

—— Exp
—&— Fact

Figure 3: Results of modeling the filling and discharge regimes of the Charvak reservoir.

3 DISCUSSION

This article is based on the foundational project for
the state technical program (GNTP)-124, titled
of water management facilities and hydraulic
structures in the republic." The project was
conducted under the contract VA-KHF-5-022,
named "Development of scientific foundations for
the formation, management, and effective use of
surface and groundwater in the Republic of
Uzbekistan in the context of climate change," with
the Ministry of Innovative Development, and was
carried out from 2017 to 2020.

4 CONCLUSIONS

As a result of the research, mathematical models for
typical water management facilities were developed
to support the operational management of water

"Development of scientifically grounded methods,
systems, and management forms, as well as the
reliable, safe, and efficient utilization

distribution, considering operational requirements
and contemporary technical modeling tools.
Algorithms for simulating the dynamics of typical
water management facilities—such as reservoirs,
river sections, canals, hydraulic structures, and
pumping stations—were created to address
operational management challenges in water
distribution. The developed software package allows
for more efficient decision-making in managing the
water distribution process. Additionally,
mathematical ~ formulations  for  operational
management of water distribution in river basins,
main canals, and inter-farm canals were established.
Numerical results of modeling the dynamics of
water management facilities in the Syrdarya River
basin are also presented.
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