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The trans-provincial water 

resources allocation of th

e Yellow River formulated 

in 1987 is the most repres

entative practice.

By now, water resources  

allocation over 40 rivers  

have been achieved at      

national, watershed or      

provincial level.

River Water resources allocation in China

1. Background

In the field of water resources research and practice, the allocation and 
operation management of river water resources has always been the hot topic. 



City of Beijing

Shiyanghe

Weihe

Various systems have been designed for specific Water 

resources operation applications with many drawbacks 

including difficulty to develop, poor universality.

1. Background



http://szyjk.mwr.gov.cn/NWMC (2012-2018, total investment of 4 billion CNY)

Water resources operation 
application system is the 
core software.

National Water resources Monitoring Capacity construction project NWMC 

1. Background



As the organizer of NWMC, We begin to develop a software that can generate a

specific water resources operation software (WOS), we call it Development

Platform of Water resources Operation Software (DPWOS).

Development Platform of Water resources Operation Software 

1. Background
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Development Platform of Water resources Operation Software 

1. Background
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1. Hydrological Monitoring

1. Water Resources Operation Database

• 54, 476  rainfall stations
• 7, 113 hydrometric stations
• 13, 579 water level stations

2. Water Use Monitoring
• Water use quantity monitored >= 50% (from 33%), 

3, 119 billion m3, 20, 248 water users.
• Non-agricultural water = 72%, 1, 532 billion m3.
• Agricultural water=40%, 1, 487 billion m3.

3. Water quality Monitoring
• 16, 123 Surface water stations
• 17, 836 groundwater stations.

MWR

Beijing Hebei

Baoding

… Xinjiang 

Yellow River 
Basin 

Committee

Provinces

River Basin
Committee

Hydrological, water use and water quality monitoring capacity are greatly

improved up to today, however water related data are distributed in different

departments with different structures.

2.1 National Water Resources Monitoring Capacity



Firstly, a database standard was established, about 6 categories, 118 database

tables were designed for water resources operation system.

Table Type Count

Observed data 8

Entity data 20

Model data 11

Operation Business

data
41

Model Cloud Service 

data
14

Platform System data 24

2.2 Database Standardization

Standard for table structure and identifier in operation software database

1. Water Resources Operation Database
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A three-level data exchange system is developed for national-basin-provincial

water resources management, which improves data consistency between
different levels and departments.

2. Three-level Data Exchanging Middleware

Data Exchanging Platform Software

Data Exchanging Adapter Software

Data 
Exchanging 

Platform
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2.2 Database Standardization
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Our idea is develop a tool, with which you can draw the generalized water

resources network which contains different water entities, including the catchment,

river, intake, projects and soon on.

Such as the upstream catchment of Lijiang, you can build a customized model

based on a standard Xinanjiang model by configuring the all related parameters.

Real Network
Generalized Network

Catchment Entity

Xinanjiang 
model

parameter

Standard Model

Customized  Model

Idea

3.1 Challenging



And you can get the 

forecasting runoff by 
inputting observed rainfall. 
Finally the manager or end 

user can get the visualized 
result with table, chart and 
soon on.

Real Network
Generalized Network

Catchment Entity

Xinanjiang 
model

parameter

Standard Model

Customized  Model

Observed 
data

Calculation Result

User Interface

Idea

3.1 Challenging



Lack of water entity classification and management standard

Lack of model Input/output interfaces standard

Lack of convenient model building tool

How to support different model encapsulation methods, e.g. exe/dll/jar

How to support a large number of concurrent requests

In model integration process, we are facing several challenges:

3.1 Challenging
Facing Problems



As you can see, there are many entities in a water resources system. And In our 
platform, we defined 3 categories (point, line and area) and 13 types of water 
entity such as reservoir, pump, river and etc. to classify the various entities within a 
Water resources system.

Point

Reservoir

Gate/Pump

Water User

Line

River

Water intake Gate

Water Return Gate

Area

Catchment area

Lake

Watershed

Water resources division

Administrative division

1. Water Entity

3.2 Model Standardization



Furthermore, there are 19 default standard models in our software correspond 
to different types of entity, and it is assured that each type of entity has one 
default model at least.

Point

Reservoir

Operation model based  on 
rules

Operation model based on 
optimization

Gate/Pump Operation model

Water User Water balance model

Line

River

Water balance model

Muskingum model

1-d hydrodynamic model

2-d hydrodynamic model

Water intake Gate Water balance model

Water Return Gate Water balance model

Area

Catchment area

middle-term runoff forecasting

Short-term runoff forecasting

Lake

2-d hydrodynamic model

0-d hydrodynamic model

Watershed Available water supply model

Calculation division Statistical model

Water resources division Statistical model

Administrative division Statistical model

Water function area Statistical model

2. Standard Models

3.2 Model Standardization



Hydrological
Model Shanbei model

TOPMODELXinanjiang model

Precipitation
interface

Evaporation
Interface

Inflow 1 
Interface 

Inflow 2
Interface 

Parameter State variable Input items Output items

Name

Type

Value 
Range

Default 
Value

Name

Type

Value 
Range

Default 
Value

Item name

Item code

Item name

Item code

Model

 Standard interfaces of various models 
(Simulation, Forecasting and Operation) are 
proposed

 Open system, plug-in expansion

2. Standard Models

NEW 
PLUGIN

For example, by defining standard hydrological simulation 
input/output interfaces, the software can support 
different kind of hydrological models including xinanjiang, 
TOP model and shanbei model and so on, so we can 
connect different hydrological model in different upstream 
or downstream sub-catchment and make our model 
library extensible.

3.2 Model Standardization
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Generally different networks could be drawn for different water resources 

operation themes, such as regular operation or emergency operation. 

For example, short-term forecasting model for emergency operation, and middle 
or long term forecasting model for regular operation.

3. Model Coupling

River

Themes

Models

Observed
data

3.2 Model Standardization



Theme1 Theme4Theme2 Theme3

Real Network

Xinanjiang Model

1-d hydrodynamic 
model

River Basin
Entity

Reservoir
Entity

River Reach
Entity

Emergency 
Operation Themes

Regular Operation 
Themes

Operation Model 
with Plans

BP Model

Muskingum 
model

Operation Model 
with Rules

AR Model

Water balance 
model

Optimal 
Operation Model

ELMAN Model

Water balance 
model

Optimal 
Operation Model

3. Model Coupling

Water Resources Network
& Model Configuration

Take Lijiang river as example, which is composed of upstream 

river basin, reservoirs and river reaches, and we can set 
different model compositions for regular and emergency 
operation respectively.

3.2 Model Standardization



Functions

Visual Modeling 
Toolbox for all kinds of 

water entities

Topology Construction 
Toolbox for related water 

entities

Parameter and model 
configuration for each 

water entity

Parameter Calibration 

3.3 Model Building Tool

Software screenshots of Model Building Tool

Usually, a fully functional water resources operation system needs a lot of models, therefore, we 
developed model building tools, with which the user can set all kinds of water entities, draw 
water resources network.



Functions

Visual Modeling 
Toolbox for all kinds of 

water entities

Topology Construction 
Toolbox for related water 

entities

Parameter and model 
configuration for each 

water entity

Parameter Calibration 

3.3 Model Building Tool

Visual Modeling Toolbox covers all kinds of water entities.

Water Entity

Catchment area

Reservoir

Water User

River

Lake

Boundery

Pump/Gate

Water resources 
Division



Functions

Visual Modeling 
Toolbox for all kinds of 

water entities

Topology Construction 
Toolbox for related water 

entities

Parameter and model 
configuration for each 

water entity

Parameter Calibration 

Water resources network of Shaying River

Topology construction toolbox

3.3 Model Building Tool

The water resources network can be drawn through Topology 
Construction Toolbox.



Functions

Visual Modeling 
Toolbox for all kinds of 

water entities

Topology Construction 
Toolbox for related water 

entities

Parameter and model 
configuration for each 

water entity

Parameter Calibration 

Fundamental parameters configuration 

 Configure entity parameters

 Configure model parameters

3.3 Model Building Tool

And you can configure the parameters and model for 
each entities



Functions

Visual Modeling 
Toolbox for all kinds of 

water entities

Topology Construction 
Toolbox for related water 

entities

Parameter and model 
configuration for each 

water entity

Parameter Calibration 

Calibration of Model parameters

3.3 Model Building Tool

Finally the optimal parameters can be achieved by Parameter Calibration function.



Numerical 
methods

Time series

Modern statistical 
methods

 Autoregressive model
 Markov transition model
 ……Clustering

/Discrimination  Stepwise  clustering
 Distance  discrimination
 ……

 Random forest model
 Support Vector Machine
 ……

ECMWF (Europe）

CFS
（American）

CMA
（China）

JMA
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……

Regional Model（WRF,
RegCM…）

Dynamic Parameterization 
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Sample perturbation and set 
weight calculation

Ensemble 
prediction

(20km resolution)

Localization 
Correction
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prediction
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features

analysis  (next 
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Expert 
experience

Numerical prediction& Big data analysis（precipitation）
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Runoff 
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Observation
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1. Medium-Long Term Hydrological Forecasting Model

3.4 Model Library  



February 28, 2017 (Danjiangkou）
90% confidence interval prediction

According to the above methods, a medium- long-term hydrological forecasting system
platform was constructed. And the rainfall and runoff of Danjiangkou Reservoir in the next
3/6/12 months is predicted by using this system for each months.

1. Medium-Long Term Hydrological Forecasting Model

3.4 Model Library  



2. Short-Term Hydrological Model

 Rainfall-runoff curve
 Unit hydrograph
 Linear reservoir method
 Muskingum routing
 Reservoir simulation
 Artificial neural network
 Xin’anjiang hydrological 

model
 Distributed hydrological 

model
 Dynamic model

Hydrological simulation

Hydrological model

Runoff yield + concentration

Empirical method

Considering differences in hydrological process in different regions, a multi-model database is
established to realize the selection of multiple model methods. From river network in
mountainous area to plains, all hydrological process can be simulated and analyzed.

M
odel selection

3.4 Model Library  
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Model Configuration

Model Result Analyzing

2. Short-Term Hydrological Model

3.4 Model Library  



3. Hydrodynamic Model

1d-HydroDynamic Model

2d-HydroDynamic Model

1d and 2d coupled 
HydroDynamic Model

three-stage optimization 
algorithm for river network 
based on segment-river-
conjunction point mode

The two-dimensional riverway
was disassembled into three
types of computational units

Two different coupling modes
of forward connection and
lateral connection.

3.4 Model Library  



Hydrodynamic and water quality simulation
Algal growth and evolution of Yuqiao Reservoir

4. Water quality Model

3.4 Model Library  

Hydrodynamic and water quality 
simulation for Taihu river network and 
Lake after the water diversion from 
Yangtze river to Taihu, including TN, TP, 
COD, BOD, DO etc.,



5. Operation Model

赣江下游

(峡江-外洲)

尾闾

(外洲-湖区)

赣江中游

(石虎塘-峡江)

赣江中游

(栋背-石虎塘)

赣江上游

(万安以上)

赣江上游

(万安-栋背)

万安 石虎塘 峡江栋背

袁河

隧川江

蜀水

林坑
外洲

南昌市(L)

新余市(D)

赣州市(U)
抚州市(M)

萍乡市(M)

吉安市(M)

吉安市(WD)

宜春市(D)

吉安市(D)
赣州市(M)

吉安市(U)

抚州市(U)

赣州市(WD) 宜春市(M)

新余市(M)

尾闾

宜春市(L)

南昌市(D)

萍乡市(D)

吉安市(DS)

Flood 
Control

Hydrop
ower 

Generat
ion

Water 
Supply

Ecology

Environm
ent

Multiple Objectives Middle/Long term Water Resources Network

Water Project operation could be achieved based on rules or optimization.

Reservoir Operation Rules Multiple Objectives Optimization

3.4 Model Library  



Model computing engine for different model

In view of the existing professional models, such as Jar, EXE and DLL, with files as 

interfaces, it is difficult to realize multi-user concurrency and difficult to monitor 

the running state of programs. 

A model computing engine is developed, which can access different types of 

professional model computing files and upgrade model computing software to 

model computing Web services.

Eureka
(Registry Cluster)

Micro Services
(Linux Cluster)

Windows Server

 Calc Service
（Java Process）
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Model computing engine system architecture Model computing engine user interface

3.4 Model Library  
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How to make the system suit for
different river?

1. Business Standardization

2. Application System Building Tool

China has a vast territory, diverse 

climate and large differences in 

water use characteristics. 

So, how to make the water 

resources operation system suit for 

different river?

4.1Challenging 



Dept. Hydrology
Dept. Water Resources 

Management

Dept. Project 

management
Dept. Hydrology

Runoff
Forecasting

Water Supply 
Available 

Calculating

Water 
Demand 

Reporting 

Water 
Demand 
Checking 

Water 
Balance

Calculating

Scheme 
Comparison

Operation 
plan 

Executing

Dept. Water Resources 

Management

at lower levels

Water Supply Available Water Demand Regular Scheduling
Execution 
and post 

evaluation

Ministry of Water Resources Watershed Committee
Provincial water administration 

departments

1. Regular Operation

4.2 Business Standardization

The standard regular operation business includes water supply available calculation, 
water demand calculation or report, regular water resources scheduling and execution.



Dept. Water Resources or 

Environment Management

Dept. Project 

management

Dept. 

Hydrology

Water Quality 
Warning 

Accident 
Identification

Grade of 
Accident 

Contingency 
planning

Emergency 
plan

Multiple 
schemes 

comparison

Scheme 
Correction

Dept. Water Resources 

Management

at lower levels

Accident Warning
Accident advance 

Evaluation
Emergency Scheduling

Execution 
and post 

evaluation

2. Emergency Operation

4.2 Business Standardization

Emergency operation business includes accident warning, accident evaluation, 
emergency scheduling and execution.



Runoff
Forecasting

Water 
Supply 

Available 
Calculating

Water 
Demand 

Reporting 

Water 
Demand 
Checking 

Water 
Balance

Calculating

Scheme 
Comparison

Operation 
plan 

Executing

Water Supply Available Water Demand Regular Scheduling Execute

Frequency curve component

Tree structure component

And as you can see, we develop a standard web user interfaces for each business 

steps. This is the user interface for water supply calculation. And which is composed 

of many standard user interface components, such component for frequency curves.

3. Web User Interface Components

4.2 Business Standardization



The web user interface components have 3 types including 9 fundamental charts

components, 5 professional chart components and 6 algorithm components.

Fundamental Chart 
Component

Rainfall-Runoff Chart

Frequency  Curve Chart

Characteristic Water 
Level Chart

Characteristic Curve 
Chart

Operation Curve Chart

River Section Chart

Water Level Variation 
Chart

Mulberry map for 
water Allocation

Water Resources 
Division Chart

Professional 
Chart Component

Runoff 
Forecasting

Water Supply 
Calculation

Water Demand 
Forecasting

Water Allocation

Reservoir 
Scheduling

Algorithm Chart

Positive algorithm

Negative algorithm

Experiment 
method 

Report dynamic 
table

Tree menu for 
result

Discount method

Fundamental Chart Component
—Frequency Curve Chart

Professional Chart Component
—Middle/long term forecasting

3. Web User Interface Components

4.3 Application System Building Tool



In addition, building tool also provides a complete set of business application 

system templates that support the regular and Emergent water resources 

operation for system customization and secondary development.

WR operation 

situation

Regular WR 

operation

Emergency 

scheduling 

Business 

Function

Integrated situation

Runoff situation

Water supply situation

Annual plan

Monthly plan

10-days plan

Sudden water pollution

Drought resisting 

Construction accidents

Regular Operation

Emergent Operation

3. Web User Interface Components

4.3 Application System Building Tool



1) Operation situation and Trend

3. Web User Interface Components

4.3 Application System Building Tool

For web browser



1) Operation situation and Trend

3. Web User Interface Components

4.3 Application System Building Tool

For Large screen



2)  Regular Operation

3. Web User Interface Components

4.3 Application System Building Tool



3) Emergency Operation

3. Web User Interface Components

4.3 Application System Building Tool
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1. Database and Exchange:

Implementation of full data access

2. Model Building Tool:

Implementation of fast model building

3. Model Computing Service Software: 

Implementation of model computing cloud

MODEL

Data System
4. Application System Building Tool:

Implementation of fast system building

5 Platform Application
Development Platform of Water resources Operation Software 



The V1.0 Version of the platform has been distributed 7 basins and 32 provincial 

project offices for the customizations of them own river water resources operation 

software.

WeChat SubscriptionDocuments

5 Platform Application

• 53 representative trans-provincial rivers
• 7 basins and 32 provincial offices 



Conceptual net diagram of water operation of 
Hanjiang River 

褒 河

陕西宝鸡

旬 河

陕西西安

丹 江

陕西商洛

石泉水库

安康水库

陕西汉中

陕西安康

老 灌 河

河南洛阳

河南三门峡

唐白河

河南驻马店

丹江口水库

湖北十堰

堵 河

潘口水库 黄龙滩水库

湖北襄阳

湖北荆门

湖北潜江

湖北仙桃
湖北天门

湖北孝感

湖北武汉

湖北荆州

汉北河

汉中断面

安康断面

白河断面

黄家港断面

皇庄断面

仙桃断面

黄龙滩断面

河南南阳

南水北调中线一期工程

汉
江

汉
江

入长江

襄阳市引丹工程

Multipurpose 
reservoir

 Flood control
 Water supply
 Hydropower

Cross-basin water 
diversion

Ecological 
problems 

Algal 
bloom

 Algal Blooms
 Fish reproduction

 Hanjiang- to-weihe
 South-to-north 

(middle line)
 Yangtze-to-han

Water resources operations with 
multiple objectives including water 
supply, hydropower and ecological 
conservation 

Long term runoff forecasting 

5 Platform Application—Hanjiang River

Multi-objective scheduing Result



Tourism

Navigation

Environment

> 60 m3/s

> 50 m3/s

> 40 m3/s

Short term runoff forecasting 

Reservoir operation for downstream flow requirement 

5 Platform Application—Lijiang River

The scenery of Guilin is world-renowned.



Water Resources Network

Yearly distribution of different Water uses 

Regular operation for year plan

Emergency operation for accident pollution

5 Platform Application—Ganjiang



Water Resource Operation Situation and Trend

Realtime dispatching instrunction

5 Platform Application—Heihe



5 Platform Application—MWR system

Central node of WR operation

Basin node Province node

Universal WR 
operation 
software

Forecast 
scheme/result

Operation 
result

Cities，
Counties，

Project

Water 
conservancy 

project

Central WR operation 
platform

Model
engine

MWR node

Universal WR 
operation 
software This is the central node of the water 

resources operation in China. The system 
is deployed in Ministry of Water 
Resources. And all water resources 
operation related information of all 
trans-provincial rivers in china could be 
obtained through the system. 
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