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Understanding the Characteristics of Historical 

Extreme Events  

Summary 

Water-related natural hazard events can strongly influence water resource management 

and risk management. The occurrence, magnitude and consequences of such events, 

mainly the largest ones having biggest impact, have to be considered and understood.  

A profound knowledge of the relevant natural hazard processes and the analyses of historic 

natural hazard events is the fundament for a thorough planning of adaption measures and 

the long-term development of JRB. As a result, for a better understanding of historical 

extreme events and discussions on extreme event scenarios in the view of climate change, 

a quantitative approach was implemented for the evaluation of historic extreme events.   

 Objective                       Approach 

 

  

The activities of Output 1.1 aim to 

create a better understanding of 

characteristics of historical flood 

and drought disaster events (i.e. 

extreme events), as well as 

landslides and debris flow which 

impact the river regime. 

 Literature and inventory review 
on water-related natural hazard 
events, data collection on 
historical disaster events 

 Elaboration of a standardized 
analytical framework to be able 
to make a quantitative 
description and classification of 
the characteristics  

 Analysis and evaluation of the 
registered events 

 Report to outline the 
understanding of analytical 
framework and provide 
information on extreme events 
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Results and Outcomes

Natural hazard extreme event register 

platform developed with event registration 

32 flood events, 16 drought events, 10 debris 

flow events, and 4 landslide events were 

collected and registered  

This is a browser-based online system, 

http://jinsha.geomaps.ch. It can be used both 

for event data registration and for browsing 

registered events. This platform consists of 

web-forms (Fig. 1) for data entry, coupled with 

a map and orderable list (Fig. 2) for data 

retrieval. Spatial information is added via a map 

interface within the web-form. 

 

Fig. 1: Web-form for natural hazard event 

registration 

 
Fig. 2: The natural hazard event table view 

 

Extreme events analyzed, defined and 

classified 

The flood with a return period of 50 years or 

more, of which the peak flow is very large, 

generally ranks in the history of top 1 to 4 for 

each hydrological gauging station. These 

floods could be defined as extreme events.  

The 20-50 years recurrence period floods, 

which could be top 3-7 in history, could be 

defined as severe flood events.  

The 10-20 years floods are defined as large 

flood events, 5-10 years recurrence period 

floods, moderate floods (Fig. 3). 

Fig.3: Map of the classified flood events 

Based on the registered characteristics at the 

web-based platform, drought events are 

classified as follows: 

Extreme drought: return period of more than 50 

years  

Severe drought: return period of 20-50 years 

Large drought: return period of 10-20 years 

Moderate drought: return period of 5-10 years 
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Snow and Glacier Monitoring System  

Summary 

Glaciers and seasonal snow cover in the Jinsha River Basin (JRB) are important 

components of the water cycle. Therefore, the state and changes of glaciers and seasonal 

snow cover as well as their spatial distribution and temporal contribution/proportion to the 

water resources allocation in the JRB have to be investigated.  

This research contains terrestrial glacier monitoring and satellite-based snow cover 

monitoring. The results will improve the understanding of the status and dynamics of 

different factors such as snow melt, glacier melt, droughts, floods, and their impacts on the 

water resources in the JRB  

 Objective                       Approach 

 

  

 Monitoring of relevant factors 

which determine the water 

dynamics and runoff regime of 

the Jinsha River in different 

physiographic regions. 

 Implementation of direct and 

fully automatic monitoring of 

glacier change on Yulong 

mountain. 

 Examining the relationship 

between snow covered area and 

runoff volume. 

 

 Based on the analysis of the 

current monitoring network and 

the field investigations, an 

automatic terrestrial monitoring 

station was designed and 

installed. 

 Time series of remote sensing 

imageries have been used to 

estimate the snow covered 

area. 

 The Snow Runoff Model (SRM) 

is applied to simulated 

streamflow from snowmelt at the 

source of Yangtze River. 
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Results and Outcomes

Terrestrial Monitoring Station  

In September 2016, the glacier observation 

station has been installed on Yulong Snow 

Mountain (see Fig. 1). The station is located at 

approx. 4’600 m a.s.l with a panorama view of 

the tongue of glacier No. 1. 

 

Fig. 1: Installation site of glacier monitoring station 

 

The system contains state-of-the art sensors 

and communication tools. The station is 

equipped with webcams to measure the glacier 

movement, and a weather sensor. The weather 

sensor measures temperature, wind, humidity 

and precipitation.  

The fully automatic data transfer is done via 

GSM data transmission and satellite 

communication. The monitoring data is 

collected, displayed and accessible on an 

online data platform (Fig. 2). 

 
Fig.2: Station and online data platform 

Satellite based Monitoring System: 

The study area covers the source of Yangtze 

River (above Zhimenda Station) with an 

average altitude above 4’000m a.s.l. Due to the 

large elevation difference, the research area 

was divided into 6 elevation zones (see Fig. 3). 

 

Fig.3: Elevation zone of study area 

 

With GIS and RS techniques, the snow cover 

ratio of different altitudinal zones and their 

depletion curves of snow coverage (Fig. 4) 

were obtained in the headwater region of 

Yangtze River from MODIS snow production. 

 

Fig4. Depletion curves of the snow coverage 

derived from Mod10A2 (2006 snowmelt season) 

A Snowmelt Runoff Model (SRM) based on 

software WinSRM is established and 

calibrated.  
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Overview of Aquatic Ecosystem in Jinsha River 

Summary 

In recent years, the aquatic ecosystem of Jinsha River has experienced significant changes 

due to the construction of hydropower stations. Further, cold water fish species which are 

mostly distributed in Jinsha River, will be increasingly under pressure due to climate 

change. This research provides an overview of the aquatic ecosystem of Jinsha River, with 

a special focus on the fish communities and habitats. The results provide detailed 

information on the diversity of aquatic organisms and current ecosystem health level, which 

offers fundamentals for future research activities. The result reveals the high abundance 

and vulnerability of the aquatic ecosystem, indicating needs for ecosystem protection and 

restoration. 

 Objective                       Approach 

 

  

 Present current composition and 

distribution of aquatic organism 

 

 Interpret endemic and protected 

fish community and their habitat 

 

 Set up habitat suitability curves 

of sensitive fish species 

 

 Evaluation of aquatic ecosystem 

health of Jinsha River 

 

Fish community similarities and fish 

assemblage structure were 

analyzed using cluster analysis and 

nonmetric multidimensional scaling 

based on field survey data 

(2012-2014). Habitat suitability 

curves were developed using the 

selected environmental factors 

based on the in-stream flow 

incremental methodology. The 

ecosystem health was assessed by 

the Integrity Biological Index (IBI). 
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Results and Outcomes

Analysis of Fish Community Structure   

Cluster analysis reveals fish community 

structures showed a characteristic of typical 

longitudinal distribution in rivers, and could be 

classified into three groups (Fig.1). Test of 

One-way ANOSIM showed significant 

differences in fish community structures 

between these groups (R=0.65 ， p<0.01).

 

Fig.1: Cluster analysis and non-parameter 

multi-dimensional scale analysis of fish community 

structures in the middle and lower reaches of Jinsha 

River 

Setup of fish habitat suitability curves 

Based on the information about the spatial 

distribution and their habitat characteristics, 

three sensitive fish species (Coreius guichenoti, 

Schizothorax prenanti, Jinshaia sinensis) were 

chosen to setup their habitat preference curves, 

in order to provide the basic data for the model 

simulation and prediction referring to the 

climate change of this project For example, 

spawning grounds of Coreius guichenoti are 

widely distributed in the JRB and their most 

suitable water temperature for spawning is from 

20 to 25 degrees (Fig.2). 

  

 Fig.2: Habitat suitability curves of parental Coreius 

guichenoti (Sauyage et Dabry) 

Assessment of ecosystem health 

The Index of Biotic Integrity (named Index Fish 

Index of Biotic Integrity (F-IBI)) based on 3 

aspects and 12 indicators were calculated. 

Results shows fish community structures in 

Ahai reach and the upstream were at the grade 

of excellent; F-IBIs in sections in the middle 

reaches of Jinsha River except Geliping were 

at the grade of fair; F-IBIs in Qiaojia and 

Sanduizi sections in the lower reaches of 

Jinsha River got relatively well grades (Fig.3). 

 
Fig.3: F-IBI values in sections in the stem stream 

and tributaries in the middle and lower reaches of 

Jinsha river. Colors of green, yellow and red 

represent the F-IBI grades of good, fair and poor, 

respectively. 
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Hydro-meteorological Forecasting Model  

Summary 

In the past and future decades, numerous huge hydropower reservoirs have been / will be 

built in the Jinsha River Basin (JRB). In case those reservoirs will be operated properly, 

flood and drought events can be managed more effectively, and more social and economic 

benefit can be created.  

This research aims at developing a short-mid-long term hydro-meteorological forecasting 

model in the Jinsha River Basin, in which the large reservoirs are integrated. Based on 

these runoff forecasts in different regions of the JRB, regulation of all the reservoirs can be 

optimized, which enables the more efficient control of flood and drought events. 

Furthermore the model can be used to estimate impacts of climate change on the future 

water resource and hydropower production in the JRB.  

 Objective                       Approach 

 

  

 Development of a 

short-mid-long term 

hydro-meteorological 

forecasting model (HMFM) for  

JRB with sufficient accuracy 

 Integration of operation 

schemes of large reservoirs 

within the forecast model 

 Forecasting system developed 

and operational on site 

 Climate change impacts on the 

future water resources can be 

estimated based on the HMFM 

 

RS (routing system) model was 

chosen to be the forecasting model. 

JRB has been divided into 53 

regions. In RS model the 

parameters for the rainfall-runoff, 

flood routing, reservoir operation, 

etc. were calibrated and validated 

based on the observed time series 

of 2000 to 2015.  

Meteorological forecasts from 

multiple meteorological models 

(BOH, ECWMF, CFS etc.) were 

used as inputs for hydrological 

forecasting  
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Results and Outcomes

Set-up and Calibration of RS Model  

The RS Model developed by e-dric.ch was 

set-up and calibrated. The model features 

include 53 regions of runoff generation, inflow, 

flood routing, 53 stations used for calibration, 

and 10 operating reservoirs (Fig.1). 

 

Fig. 1: RS model for JRB 

 

Based on observed time series of 2000-2015, 

the model was calibrated with an average 

Nash-Coefficient of 0.85, and volume error of 

less than 1%. The discharge hydrograph of the 

station Shigu is shown in Fig.2. 

 
Fig.2: Discharge hydrograph of Shigu station 

 

 

Forecasting System operational 

The forecasting system was developed as 

follows: 

A special database (RWDB-Swiss) was created 

for this project at Bureau of Hydrology of 

Changjiang Water Resources Commission, in 

order to run the system. The real-time and 

forecasted meteorological data from 

RWDB-Swiss were converted into the RS 

internal database. The RS model was then 

initialized with the last results used as initial 

conditions in order to get a continuous 

simulation. After the run of the RS model, the 

hydrological forecasts are sent back to the 

RWDB-Swiss (Figure3). 

 

 
 

Fig.3: Coupling RS model with CWRC infrastructure 
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Water Resources Management in Lijiang 

Summary 

During the last 2-3 decades, the southwest part of China has experienced increasing 

drought events, which caused significant economic losses. Additionally, the rapid 

socio-economic and demographic developments result in additional challenges with 

respect to water resources management. The research at hand presents a case study in 

Lijiang Municipality addressing the challenges of water resources management in each 

town of Lijiang. The results give a detailed picture on the current and future water supply 

and demand situation of Lijiang, and indicate the needs for integrated water management 

measures. Thus, a solid basis is given to the local authorities for a sustainable decision 

making regarding water resources management in the future. 

 Objective                      Approach 

 

  

 Give a clear picture on today’s 

water supply situation 

 Present today’s water demand 

situation 

 Set up a water allocation model 

(WAM) to analyze the water 

balance 

 Assess future socioeconomic 

and demographic developments 

and other trends 

 

 

The Water Evaluation and Planning 

(WEAP) model is applied to 

evaluate and analyze the current 

water balance (2011-2015) and 

examine consequences of future 

developments (till 2030) on water 

demand. A combination of WEAP 

and RS (Routing System) model is 

used to simulate rainfall-runoff as 

well as flow routing according to a 

semi-distributed conceptual 

scheme. 
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Results and Outcomes 

Water Balance 

Agriculture accounting for 83% of the total 

water demand is the main water user of Lijiang. 

Due to limited supply capacity, the water deficit 

consists of 37% of the total water demand, 

mostly in the agricultural sector (31%).  

 
Fig.1: Total, unmet water demand and actual 

consumption per sector 

Spatial Distribution of Water Demand 

The spatial variation of water demand is large, 

ranging from 0.3 to 64 million m3per town. The 

water demand of Yongsheng County accounts 

for 40% of the total water demand of Lijiang, 

due to the dominatant agriculture sector in this 

County. 

 

Fig.2: Map of total water demand  

Unmet Water Demand 

The unmet water demand shown in Fig.3 

considering actual supply capacity in 2011, is 

almost two times of the unmet water demand if 

only considering available water resources, 

which indicates limitation of water supply 

capacity. The largest unmet demand is in 

Sanchuang Town, Yongsheng County.  

 
Fig.3: Map of unmet water demand 

Future trends 

Exemplary for future trends Fig.4 shows the 

population development. The population will 

continue to steadily grow from 1.25 million 

today up to almost 1.6 million until 2030 to 2040 

and thereafter decrease more or less distinctly 

towards the end of the 21st century depending 

on having an optimistic or pessimistic view. 

  

Fig.4: Population development of Lijiang 
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Climate Change Scenarios for Jinsha River Basin 

Summary 

Scenarios describing expected climate change (CC) in JRB are of critical importance to 

understand how CC affects the sustainable use of water resources and water-related 

extreme events such as floods and droughts. Multiple general circulation model (GCM) 

projections and two statistical downscaling methods (delta change and LARS weather 

generator) were used. A set of CC scenarios were elaborated covering near future (and far 

future, and two green-house gas emission scenarios (RCP 4.5 and RCP 8.5). Each CC 

scenario consists of daily values over 30 years for average temperature and precipitation 

on a grid with a resolution of 0.5° covering JRB. 

For the southern part of JRB a temperature rise of 1 – 2°C in the near future and 1.5 – 3°C 

(RCP 4.5) resp. 3 – 5 °C (RCP 8.5) in the far future are expected. Whereas the trend 

t-wards higher temperatures is unambiguous, the precipitation trend is more uncertain. 

Most CC scenarios show an increase in precipitation for the northern and middle part of 

JRB, whereas the change for the southern part of JRB is uncertain.  

 Objective                       Approach 

 

  

 Selection of suitable GCMs for 

JRB. 

 Elaboration of CC scenarios for all 

selected GCMs, covering near 

and far future and two emission 

scenarios. 

 Investigate how CC affects 

expected future temperature and 

precipitation. 

 

 

 

 Consider performance of GCMs 

for historical simulations, expected 

uncertainty and independence of 

GCMs to select suitable GCMs. 

 Use of two statistical downscaling 

methods (delta change and 

LARS-WG) and the selected 

GCMs’ projection to elaborate 

high resolution CC scenarios. 

 Application of statistical methods 

to analyze future climate change 

(2021-2050 and 2070-2099). 
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Results and Outcomes

Data collection and sub-catchments 

Meteorological data at 55 stations were 

collected and interpolated to a grid of 0.5*0.5°. 

To show aggregated results JRB was divided 

into four sub-catchments (Fig.1). 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Location of 55 meteorological stations and 

division of JRB into 4 sub-catchments 

Selection of suitable GCMs 

8 CC scenarios each for near (2021-2050) and 

far future (2070-2099) as well as RCP 4.5 and 

8.5 emission scenarios were selected based on 

3 criteria: 

 Performance of GCMs during the baseline 
period 1981 – 2010 (comparison of past 

simulations with measurements) 

 Uncertainties of the selected GCMs (must 
be similar than that of all 36 CIMP5-GCMs) 

 Independence of GCMs 

 
Fig. 2: Selected GCMs (NF/FF: near/far future) 

Statistical downscaling 

The daily gridded data for temperature and 

precipitation during the baseline (1981 – 2010), 

were downscaled using two statistical 

downscaling: 

 Delta Change 

 LARS-WG 

Expected Climate Change 

The expected CC changes for the RCP 8.5 

emission scenario compared to the baseline 

(1981 – 2010) are shown in Fig. 3 for the dry 

and the wet season. The average changes are 

comparable with two downscaling methods, 

reflecting mainly the properties of GCMs. 

 

Fig. 3: Changes in temperature and precipitation 

for the RCP 8.5 emission scenario 

Case 2: FF Case 3: FF
RCP 4.5 RCP 8.5 RCP 4.5 RCP 8.5

ACCESS1-3 FF45-7
BNU-ESM FF45-5 FF85-5
CCSM4 NF-6 FF85-6
FGOALS-g2 NF-1 FF45-1 FF85-1
FIO-ESM NF-7 FF85-7
GFDL-ESM2G NF-8 FF45-8
GISS-E2-H FF85-8
HadGEM2-ES NF-2 FF45-2 FF85-2
IPSL-CM5A-LR NF-5 FF45-6
IPSL-CM5B-LR NF-3 FF45-3 FF85-3
MIROC5 NF-4 FF45-4 FF85-4

GCM
Case 1: NF
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