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1. Introduction 

 
1. Guilin is a prefecture-level city in the northeast of Guangxi Zhuang Autonomous 
Region (GZAR) that remains one of the poorer provinces in the People's Republic of China 
(PRC). Guilin is comprising of six districts, eight counties, two autonomous counties, and one 
county-level city. The topography of the area is marked by karst formations and the Li River, 
214 kilometres (km), which flows through the city. The total area of Guilin is 27,809 square 
kilometres, with a total registered population of 5.4 million, a GDP of CNY231 billion, and a 
per capita GDP of CNY46,767 in 2021.1 
 
2. Guilin was awarded the United Nations Educational, Scientific and Cultural 
Organization (UNESCO) World Heritage Site status in 2014. In 2015, the total number of 
tourist reception exceeded 44 million person-times, with an average annual growth rate of 
14.7%; total tourism revenue exceeded CNY51 billion, three times that of 2010, with an 
average annual growth rate of 25.1% in five years; per capita consumption in tourism 
exceeded CNY1,000 for the first time in 2014. Tourism has been used as a tool for poverty 
alleviation because it offers opportunities for livelihoods and job creation2. In 2015, there were 
about 133,000 direct employees in tourism, driving more than 600,000 jobs, and rural tourism 
has helped nearly 50,000 people alleviate poverty3 . In 2018, the total number of tourist 
reception exceeded 100 million person-times. 
 
3. One of the overall objectives of the Thirteenth Five Year Plan for Guangxi Tourism 
Development4 is to alleviate poverty through tourism and Guilin is being planned to become a 
world-class tourist city and an international tourist destination. The continued growth of tourism 
in Guilin requires interventions to ensure its sustainability and to achieve the government’s 
objectives. The interventions include the rehabilitation and environmental protection of the Li 
River, restoration and cultural protection of old villages, enhancement of its river management, 
and strengthening the management capacity of tourism institutions. 

1.1 Project outputs and components 

4. The proposed project aims to improve water quality and reduce water pollution in the 
Li River, reduce air pollution, promote non-motorized transportation, and develop targeted 
measures for poverty reduction in several impoverished counties in Guilin. The project will 
spread across the Li River National Park, which covers two counties and three districts along 
the way, namely Lingchuan County, Yangshuo County, Yanshan District, Qixing District and 
Diecai District, starting from Sanchawei, Lingchuan County and reaching Pukou Village, 
Yangshuo County, with a total length of about 90 km; and villages in Longsheng Various 
Nationalities Autonomous County. The proposed project outputs are:  

(i) Institutional capacity and knowledge in river management and sustainable 
tourism strengthened. This output will include (i) of information and 
communication technology (ICT) platforms integrating river ecological 
protection and tourism management, comprising ecological protection modules 
for ecological monitoring and management, sustainable management of boat 
and business operations in the Li River scenic area, accessible services for 

 
1 National Bureau of Statistics of PRC. 2021. Guilin Statistical Bulletin of National Economic and Social 

Development. Beijing. 
2 The United Nations World Tourism Organization (UNWTO) has defined sustainable tourism as “tourism that 

takes full account of its current and future economic, social and environmental impacts, addressing the needs of 
visitors, the industry, the environment and host communities” (UNWTO and UNEP. 2005. Making Tourism More 
Sustainable – A Guide for Policy Makers). 

3 The People's Government of Guangxi Zhuang Autonomous Region. 2016. Thirteenth Five Year Plan for Guangxi 
Zhuang Autonomous Region Tourism Development. Nanning. 

4 The People's Government of Guangxi Zhuang Autonomous Region. 2016. Thirteenth Five Year Plan for Guangxi 
Zhuang Autonomous Region Tourism Development. Nanning.  
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tourists and service providers, regulatory oversight and emergency dispatch;  
(ii) the development of hydrological modelling to support the design of flood-
resilient infrastructure and increase flood management planning capacity; (iii) 
support to the development of plastic waste management strategies; (iv) 
support to women-led tourism cooperatives for the development of community-
based tourism, including the preparation of cultural maps and social media 
marketing strategies; and (v) project management and capacity building (PMC) 
support.  

(ii) River ecological protection infrastructure enhanced. This output will include (i) 
the upgrading of sewage interception and treatment to reduce sewage 
overflows and direct discharge into open channels and rivers; (ii) the 
introduction of sponge city nature-based solutions to favor infiltration of 
stormwater, to prevent polluted surface runoff from reaching open channels 
and rivers, and to reduce risks of localized flooding, and also allowing 
harvesting of stormwater for irrigation and other purposes; (iii) the improvement 
of solid waste collection and disposal; and (iv) the ecological rehabilitation of 
river embankments and wetlands using soil bioengineering, and incorporating 
landscaping and bicycle and pedestrian trails; 

(iii) Sustainable village preservation and low-carbon facilities implemented. This 
output will include (i) the rehabilitation of old villages along the Li river and in 
Longsheng Autonomous County, improving municipal facilities, preserving 
historical features and their rich cultural heritage, and creating more livable 
places for both residents and tourists; (ii) the construction of cultural facilities; 
(iii) the upgrading of waterfront facilities, providing residents and tourists with 
better river transport and including the piloting of electric boats, which together 
with non-motorized transport infrastructure will promote a more sustainable 
low-carbon transport system that will contribute to climate change mitigation. 

 
5. The project is divided into two major subcomponent categories based on their locations. 
One is the Li River project region. Project included 16 subcomponents that are all located 
within the Lijiang River Scenic Area in Guilin. Those are all along the Lijiang River, and across 
three counties and six districts, including Xing’an County, Yangshuo County, Lingchuan 
County, Xiufeng District, Qixing District, Yanshan District, Lingui District, Xiangshan District, 
and Diecai District. The locations of those project subcomponents are shown in Figure 1. 
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Figure 1: Locations of project subcomponents for Li River comprehensive ecological 
rehabilitation demonstration 

 

6. The other is the protection and renovation of ancient villages in Longsheng County. 
Longsheng is one of the counties under the administration of Guilin City but located away from 
the Li River Basin. This includes protection and renovations of 11 ancient villages in 
Longsheng County and some access roads between those villages. The locations of those 
villages are shown in Figure 2. 
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Figure 2: Project sites of protection and renovation of ancient villages in Longsheng 
County 

 

 
1.2 Project physical environment settings 
 

1.2.1 Topography 

7. The topography of project counties is shown in Figure 3. Guilin City is located in the 
Guilin-Yangshuo karst basin that is southwest part of the Nanling Mountains. The terrain is 
high in the west, north and southeast, and low in the middle. Mountain peaks are mostly 1,000 
meters above sea level. The relative height difference between the mountain peak and the 
basin is 600 - 1600 meters, and the slope is ranging from 20° to 45°.  Areas along the Li River 
has a hilly terrain with an elevation of 160 - 200 meters.   

8. The topography of Yangshuo County is dominated by rocky mountains and hills, with 
mountains as supplementary. The northeast and southwest sides are higher in terrain. They 
belong to the edge of the Ocean Mountain Range (Dongyao Mountain) and Jiaqiaoling 
Mountain Range (Xiyao Mountain). The mountain range is roughly northwest-southeast, and 
is the source of the main rivers in the county. The central part is a hill of about 150 km2 with 
an altitude of 200-500 meters. The broad area that runs from the northwest to the southeast 
is a karst landform.  

9. Longsheng County has an average elevation of 700 meters. The highest peak, 
Fupingbao, is 1916 meters above sea level. It is the second highest peak in Guangxi after 
Maoer Mountain in Xing’an. The lowest place is Shimentang, 163 meters above sea level. The 
county is a high mountain area, with great elevation differences, continuous peaks and deep 
river valleys. There are 21 peaks above 1500 meters above sea level. 
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Figure 3: The topography of Guilin City and project counties. 

 

 
1.2.2  Climate 

10. Guilin is located in low latitudes and has a subtropical monsoon climate. The climate 
in the territory is mild, the rainfall is abundant, and the frost-free period is long. With sufficient 
sunlight and abundant heat, the summer is long, and the winter is short, the four seasons are 
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distinct, and the rain and heat are basically the same season. the annual average temperature 
is approximately 19.1 C°. July and August are the hottest months with mean temperature at 
about 28 C° whilst January and February are the coldest months with mean temperature at 
about 9 C°. the minimum temperature may drop to 0 C° occasionally during the cold season. 
The long term annual mean precipitation is 1887.6 mm with annual average of 166 rain days. 

11. Yangshuo has similar temperature and seasonality to Guilin. However, the 
precipitation is slightly lower than Guilin. The average annual precipitation is 1560 mm within 
a range from 1074.0 mm to 2001.9 mm. March to August is the rainy season and receiving 
about 70% of the annual rainfalls.  

12. Longsheng has also a monsoon subtropical climate with abundant rainfall and a 
pleasant climate. The average annual temperature is 18.1℃, the average frost-free period is 
314 days, and the annual rainfall is 1500-2400 mm. however, Longsheng is slightly cooler 
than Guilin and Yangshuo.  

1.2.3  Hydrology 

13. Both Guilin and yangshuo are located in the Li River Basin. The Li River originates 
from the southern foot of the Laoshan Boundary in the northeast of Maoer Mountain, the main 
peak of Yuechengling in the northwest of Xing'an County, Guangxi. It flows through Xing'an, 
Lingchuan, Guilin, Yangshuo, Pingle and other cities and counties, and is called Gui River 
after it merges with the tributaries of Lipu River and Gongcheng River. 

14. The larger tributaries of the Li River above Yangshuo are Huangbai River, Chuan River, 
Xiaorong River, Gantang River, Taohua River, Liang Fengjiang River, Chaotian River, etc., 
among which Huangbaijiang River, Chuanjiang River, Xiaorongjiang River, Gantang River and 
Taohua River merge into Lijiang River in the upper reaches of Guilin City. The total length is 
116km, including 40km crossing the urban area of Guilin. The maximum flow rate is 7800 
m3/s, with a long-term average of 128m3/s in Guilin. 

15. Longsheng county is not in the Li River system but also has also more than 480 large 
and small streams with a total length of 1,535 km, and catchment area of 3,867.65 km2. The 
main river is Sangjiang River runs from east to west, and confluence with a south flow system 
and a north flow system, which are across the whole county. 

1.3 Potential climate risks to project subcomponents 

16. The climate risks to those proposed project subcomponents are mostly associated with 
the increased frequency and severity of extreme rainfall events and heatwaves caused by 
increased extreme temperature. For example, road works and building complexes are all 
facing increased stormwater caused by severe rainfall events. Building complexes will also be 
challenged by increased extreme temperature during summer season. This will be further 
defined when future climate change scenarios are developed and analysed.  

1.3.1  Flood risks 

17.  Flood is the largest climate risk to project subcomponents in the Li River Basin. An 
analysis of Zhang et al5 shows that the areas along the Li River are all subject to high extreme 
rainfall risks, and high or extreme flood risks from Huilin to yangshuo, which are all within the 
project geographical extent (Lingchuang County – Guilin City – Yangsuo County). 

1.3.2  Landslides and other geological disasters 

18. Longsheng County is located in a different river system from the Li River and has lower 
extreme rainfall and flood risks than those of Guilin project sites. However, Longsheng County 

 
5 Zhang Y X, Wang C Z, and  Bai X D. (2015). Research of Li River floods and defense counter measures.Journal 

of Catastrophology. 2015 – 30(1) pp 82-86 (in Chinese) 
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is a geo-hazard prone area due to its climate, topography, and geological structure, but also 
further exacerbated by mining, terracing, and road works. Seismic risk in the region is low and 
is not a significant contributing factor to landslide risk. 

1.3.3  Climate risks caused by extreme high temperature and drought 

19. Increases in extreme high temperature and frequency of heatwaves pose climate risks 
to many infrastructures, such as roads, building infrastructure, increased power demands and 
power supply stresses and so on. 

20. A combination of increased temperature and reduced rainfall may also cause drought 
for the ecological systems, agriculture, as well as reduced river flow in dry seasons. Those will 
all impose risks to proposed infrastructure, such as ports, wetlands, and so on. 

1.4  Assessment approach to climate risks 

21. There is no standardized methodology to look at future impacts of climate change that 
can be applied universally. Main reason is that each project has its specific focus and potential 
risks that requires different levels of detail, focus and approaches.  ADB has developed 
specific guidelines regarding CRAs. Some typical examples include: 

• Climate risk management in ADB projects6  

• Guidelines for Climate Proofing Investment in Agriculture, Rural Development, and 
Food Security7 

• Guidelines for Climate Proofing Investment in the Water Sector: Water Supply and 
Sanitation8. 

• Guidelines for Climate Proofing Investment in the Energy Sector9  

• Guidelines for Climate Proofing Investment in the Transport Sector: Road 
Infrastructure Projects10  

22. Based on relevant ADB guidelines and the potential climate risks of this project, we 
developed a four major steps approach for this CRA study. These steps are: (i). analysis of 
historic climate and events; (ii). Analysis of projections of future climates; (iii) assess the 
climate change impact and vulnerability; and (iv) working with the TRTA consultants, PMO 
and LDI to develop adaptation options for the final project design.   

23. The approach towards the development of the Climate Risk Assessment (CRA) will be 
described in this section, while the specific details regarding methodologies and results are 
presented in the subsequent chapters. Overall, the CRA took the following steps: 

(i) Analysis of historic climate events 
(ii) Projections of future climates 
(iii) Impact and vulnerability of climate change 
(iv) Adaptation options and recommendations for design 

 

 
6 ADB. 2014. Climate Risk Management in ADB 

Projects.https://www.adb.org/sites/default/files/publication/148796/climate-risk-management-adb-projects.pdf. 
7 ADB. 2012. Guidelines for Climate Proofing Investment in Agriculture, Rural Development, and Food 

Security.https://www.adb.org/documents/guidelines-climate-proofing-investment-agriculture-rural-development-
and-  food-security 

8 ADB. 2017. Guidelines for Climate Proofing Investment in the Water Sector: Water Supply and 
Sanitation.https://www.adb.org/documents/guidelines-climate-proofing-investment-water-sector 

9 ADB. 2013. Guidelines for Climate Proofing Investment in the Energy 
Sector.https://www.adb.org/sites/default/files/institutional-document/33896/files/guidelines-climate-proofing-
investment-energy-sector.pdf  

10 ADB. 2011. Guidelines for Climate Proofing Investment in the Transport Sector: Road Infrastructure 
Projects.https://www.adb.org/documents/guidelines-climate-proofing-investment-transport-sector-road-
infrastructure-projects 

https://www.adb.org/sites/default/files/publication/148796/climate-risk-management-adb-projects.pdf
https://www.adb.org/documents/guidelines-climate-proofing-investment-agriculture-rural-development-and-%20%20food-security
https://www.adb.org/documents/guidelines-climate-proofing-investment-agriculture-rural-development-and-%20%20food-security
https://www.adb.org/documents/guidelines-climate-proofing-investment-water-sector
https://www.adb.org/sites/default/files/institutional-document/33896/files/guidelines-climate-proofing-investment-energy-sector.pdf
https://www.adb.org/sites/default/files/institutional-document/33896/files/guidelines-climate-proofing-investment-energy-sector.pdf
https://www.adb.org/documents/guidelines-climate-proofing-investment-transport-sector-road-infrastructure-projects
https://www.adb.org/documents/guidelines-climate-proofing-investment-transport-sector-road-infrastructure-projects
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1.4.1  Historical climate analysis 

24. A credible and acceptable Climate Risk Assessment starts at analysing historic 
observations of climate related events and to perform a trend analysis. Obviously, trends, or 
the absence of trends, do not imply that future changes will follow those historic trends. Any 
statistical trend analysis should be accompanied by understanding the underlying physical 
processes. In this study, historical climate analysis will be carried out for: 

(i) Historical precipitation changing trends; 
(ii) Extreme rainfall and flood events 
(iii) Historical temperature change trends  
(iv) Extreme maximum and minimum temperature events 

 

1.4.2  Climate change scenarios and future climate projections 

25. Projections of future climates are provided by GCMs (Global Climate Models). The 
IPCC (Intergovernmental Panel on Climate Change) is the credible body on climate change 
projections. The IPCC is an intergovernmental body under the auspices of the United Nations 
“dedicated to the task of providing the world with an objective, scientific view of climate change 
and its political and economic impacts”. So, the IPCC does not carry out its own original 
research, nor does it do the work of monitoring climate or related phenomena itself. The IPCC 
bases its assessment on the published literature, which includes peer-reviewed and non-peer-
reviewed sources. 

26. An important source of the climate projections are the results from the CMIP 5 activities. 
CMIP5 is the Coupled Model Intercomparison Project Phase 5 that has led to a standard set 
of model simulation and a more or less uniform output. Since downscaling and local 
adjustment of GCMs are needed NASA has developed the so-called NEX-GDDP projections 
(NASA Earth Exchange Global Daily Downscaled Projections). The dataset is provided to 
assist in conducting studies of climate change impacts at local to regional scales, and to 
enhance public understanding of possible future global climate patterns at the spatial scale of 
individual towns, cities, and watersheds. 

27. The NASA-NEX-GDDP exists of 21 GCM outputs for two RCPs (4.5 and 8.5) for a 
historic period and for the future up to 2100. For the CRA the data will be used for two purposes. 
First, the projections will be analysed using a set of indicators ranging from more direct ones 
(e.g., change in temperature) to somewhat more integrated and advanced indicators (e.g., 
monthly maximum consecutive 5-day precipitation). Second, the NASA-NEX-GDDP will be 
used for the bottom-up approach of the impact and vulnerability assessment. 

1.4.3  Key potential climate change impacts on project 

28. Key potential impacts of climate change on project will be assessed for each 
subcomponent based on the historical climate analysis and projected changes of key climate 
variables. Changed intensity and frequency of extreme precipitation events may exacerbate 
the current flood risks in Li River Basin and geological hazards in Longsheng county.  

29. The flooding risk of Li River Basin will be assessed by hydrological model for the whole 
Li River catchment and hydraulic models for river sections where project subcomponents are 
constructed. The models will be calibrated using observed long-term historical climate but also 
simulate the flood volumes and levels using the projected future climate. The simulation results 
will then be used assess the initial draft FSR that designed based on PRC design manual to 
identify the levels of climate risks to different project subcomponents.   

30. The geological hazards of Longsheng project sites will be assessed based on 
projected changes in extreme rainfall events, together with topography and land cover. Where 
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possible, consultation will also be made to the Geological hazard monitoring network of Guilin 
Bureau of Meteorology.    

1.4.4  Adaptation options and recommendations for design 

31. Adaptation policy design requires considerations in time-horizon (“when”), spatial 
(“where”) and decision-level (“how”) terms: there is a need to assess the location of current 
and future impacts; to identify people, resources, sectors at risk; to gather information about 
the timeframe of impacts; to define and implement appropriate adaptation actions at 
appropriate levels of decision-making. 

32. Based on relevant ADB guidelines, adaptation options will be developed for all project 
subcomponents. Those adaptation options will include both structural and non-structural 
adaptation measures. Structural adaptation options will include measure that may be 
integrated into the project final design. Non-structural adaptation options may include those of 
policy development, planning and management of climate risks, and raising awareness for 
both community and institutions through the project’s capacity building subcomponents over 
the whole project life. 

2. Current climate and future climate change projections 

2.1 Current climate of Guangxi Province and Project cities 

33. Guilin has a subtropical humid monsoon climate.  In general, the climate of Guilin is 
mild with four distinct seasons. Figure 4 shows the annual mean temperature (left) and annual 
precipitation (right) of the whole Guilin City. Whilst Guilin City is generally mild in its 
temperature, the lower Li River valley, including Guilin and Yangshuo, are warmer than the 
upper Li River valley and Longsheng County in the northwest of the city. For precipitation, 
Figure 4 shows that the southwest of Guilin City is wetter than the northern parts of the city. 
Project sites of Guilin and Yangshuo are all located in the wetter region but precipitation in 
Longsheng is lower. More detailed analysis of temperature and precipitation for project sites 
are reported in the following sections. 

Figure 4: Current annual mean temperature (left) and precipitation (right) of Guilin City 
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2.1.1  Current temperature 

34. The annual mean temperature of Guilin, Yangshuo, and Longsheng are shown in 
Figure 5. Based on observed data of from 1951 to 2010, the annual mean temperature is 
19.6 °C, 18.9 °C, and 16.7 °C in Guilin, Yangshuo, and Longsheng, respectively. As shown in 
Figure 5, the annual mean temperature of those three project sites is fairly stable although 
there is a slight increasing trend. Over the 60 years, the annual mean temperature ranges 
from 18.5 °C to 20.8 °C in Guilin, from 18.1 °C to 19.6 °C, and from 16.1 °C to 17.5 °C in 
Longsheng. The inter-annual variation is fairly small in temperature across all three project 
sites.  

35. In general, the temperature of those project sites is relatively mild, with a frost-free 
period of more than 300 days. The hottest weather is in July and August with average monthly 
temperature around 28 °C. The extreme maximum temperature is 39.5 °C in Guilin (2003) and 
Longsheng (1962). The coldest weather is in January and February with average temperature 
around 8-9 °C. The extreme minimum temperature is -4.9 °C in Guilin (1955) and -4.8 °C in 
Longsheng (1977).   

Figure 5: Annual mean temperature from 1952 to 2010 in Guilin, Yangshuo, and 
Longsheng 

 

 

2.1.2  Current precipitation 

36. The annual precipitation of Guilin, Yangshuo, and Longsheng is analysed using 
historical data from 1952 to 2010. The average annual precipitation is 1,893.9 mm, 1,688.6 
mm, and 1,583.8 mm in Guilin, Yangshuo, and Longsheng, respectively. Different from 
temperature, there are large inter-annual variations in annual precipitation in all three sites. 
Over the 60 years period, the recorded annual precipitation ranges from 1362.7 mm to 2807.0 
mm in Guilin, from 1219.8 mm to 2236.4 mm in Yangshuo, and from 1211.0 mm to 2177.7 
mm in Longsheng.  
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37. There is not a clear change trend identified by analysing annual precipitation from 1951 
to 2010 as shown in Figure 6.  This is different from the study of Zhao et al (2011)11 that found 
that rainfall in Guilin City had an increasing trend from 1957 to 2007. However, Zhao et al 
(2011) also found a decreasing trend of changing seasonal patterns that may result in 
increases in disastrous rainfall during the wet season and drought during the dry season.  

38. The monthly precipitation pattern of Guilin shown in Figure 7 is based on data from 
1951 to 2010, which is consistent current understanding that April to July are the wet season 
and most floods happened in those months. The future monthly rainfall pattern will be analysed 
using the NEX-GDDP GCM projection data.   

Figure 6: Figure 4: Annual total precipitation from 1951 to 2010 in Guilin, Yangshuo, 
and Longsheng 

 

   

 
11 Zhao Hua-rong, Xia Bei-cheng, and Jiang Xue-ding. (2011) Characteristics of precipitation change in Guilin   
   over the last 50 years. Journal of Guilin University of Technology.  2011-31(2)-pp 202 – 206.  
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Figure 7: Historical mean monthly precipitation patterns in Guilin, Yangshuo, and 
Longsheng 

 

39. Extreme rainfall events are the major factor causing frequent floods in the Li River 
Basin, including both Guilin and Yangshuo. Generalized extreme value (GEV) analyses using 
R package of extRemes12 are applied to assess the maximum daily rainfalls observed at Guilin 
Meteorological Station. Based on the extreme value theory that derives the GEV distribution, 
we can fit a sample of extremes to the GEV distribution to obtain the parameters that best 
explains the probability distribution of the extremes. In this study, we first calculate daily and 
5-day maximum precipitation and the number of heavy rainfall events over the last six decades. 
The 5-day extreme rainfall events are analysed because many historical floods caused by 
extreme rainfall events that lasted for up to 5 days in the Li River Basin. These extremes-
related quantities are, respectively, fitted to the GEV distribution. From the fitted distribution, 
we can estimate how often the extreme quantiles occur with a certain return level.  
 
Table 1: GEV fitted maximum rainfall (mm) for daily and 5-day total extreme rainfall 
events for different return periods in Guilin. 

Return 
Period 

2 years 
 

5 years 
 

10 years 
 

20 years 
 

30 years 
 

50 years  100 years 
 

Daily 
events 

125.1 169.4 199.8 229.8 247.5 270.1 301.2 

5-day 
events 

228.4 311.1 376.6 447.1 491.3 550.7 638.7 

 

 
12 https://cran.r-project.org/web/packages/extRemes/extRemes.pdf 

https://cran.r-project.org/web/packages/extRemes/extRemes.pdf
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Figure 8: GEV distribution of maximum daily and 5-day total extreme rainfall events in 
Guilin. 

 

40. The GEV fitted maximum daily and 5-day rainfalls by the GEV function are summarized 
in Table 1. Whilst daily extreme rainfall event reaches 300 mm/day at 100 years return periods, 
the 5-day total rainfall event are estimated to reach 638.7 mm, which impose more flood risks. 
The analysis results are consistent with the analysis of Huang13 over three largest floods in Li 
River happened in July 1992, June 1994, and June 1998. Which were related to total rainfalls 
of 346.4 mm in 4 days (July 1992), 712.2 mm in 7 days (June 1994), and 608.2 mm in 7 days 
(June 1998) in Li River catchment, respectively. The GEV distribution for Guilin city is plotted 
in Figure 8.  

2.2 Climate change scenarios and future climate projections 

2.2.1  NASA NEX-GDDP downscaled CMIP5 daily climate projection data 

41. As reported in section 1.3.2, climate change scenarios will be developed in this study 
based on the data of the Coupled Model Inter-comparison Project Phase 5 (CMIP5) and global 
climate models (GCMs). Climate change scenarios and risk assessment are based on the 
NASA Earth Exchange Global Daily Downscaled Projections (NEX-GDDP) data. The NEX-
GDDP dataset is comprised of downscaled climate scenarios for the globe that are derived 
from GCM runs conducted under CMIP5 and across two of the four greenhouse gas emissions 
scenarios. 

42. The 21 GCMs available in NEX-GDDP dataset are listed in Table 2, which shows the 
original GCM resolution and downscaled GCM resolution. The dataset includes three 
downscaled climate variables, maximum temperature, minimum temperature, and 
precipitation, over a period from 1950 to 2100 for both RCP4.5 and RCP8.5 climate change 
scenarios.  

43. Future climate projection scenarios are analysed for project sites of Guilin, Longsheng, 
and Yangsuo based on the NEX-GDDP climate projection data (21 GCMs) under RCP4.5 and 
RCP8.5 climate change scenarios. The analyses will include climate variables of: 

(i) Annual and monthly changes of maximum temperature, minimum temperature, 
and mean temperature in 2050 (2041-2060) compared with baseline period of 
1961-1990; 

 
13 Huang Y. (2007) A study of the relationship between Li River floods and flood discharge from Qingyuntan   
    Reservoire. Journal of Guilin University of Technology. 2007. Vol 27 (3). Pp337 - 342 
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(ii) Annual and monthly precipitation changes in 2050 (2041-2060) compared with 
baseline 1961-1990; 

(iii) Extreme temperature changes in 2050 (2041-2060) compared with baseline 
1961-1990; 

(iv) Extreme daily total rainfall changes for different return periods, such as 2, 5, 
10, 20, 30, 50, and 100 years, compared with the baseline period of 1961-1990. 
In addition, total rainfall changes for 5-day total will also be analysed because 
some historical floods are caused by heavy rainfalls lasting up to 7 consecutive 
days.  

 
Table 2: GCMs included in the NASA-NEX-GDDP dataset 

Model Modelling 
Centre 

Country Original 
resolution 

NASA-NEX 
resolution 

      Lat Lon Lat Lon 

ACCESS1-0 ARCCSS Australia 1.25 1.88 0.25 0.25 

BCC-CSM1-1 BCC PRC 2.79 2.81 0.25 0.25 

BNU-ESM NSF-DOE-NCAR PRC 2.79 2.81 0.25 0.25 

CanESM2 LASG-CESS Canada 2.79 2.81 0.25 0.25 

CCSM4 NSF-DOE-NCAR USA 0.94 1.25 0.25 0.25 

CESM1-BGC NSF-DOE-NCAR USA 0.94 1.25 0.25 0.25 

CNRM-CM5 CSIRO-QCCCE France 1.40 1.41 0.25 0.25 

CSIRO-MK3-6-0 CCCma Australia 1.87 1.88 0.25 0.25 

GFDL-CM3 NOAAGFDL USA 2.00 2.50 0.25 0.25 

GFDL-ESM2G NOAAGFDL USA 2.02 2.00 0.25 0.25 

GFDL-ESM2M NOAAGFDL USA 2.02 2.50 0.25 0.25 

INMCM4 IPSL Russia 1.50 2.00 0.25 0.25 

IPSL-CM5A-LR IPSL France 1.89 3.75 0.25 0.25 

IPSL-CM5A-MR MIROC France 1.27 2.50 0.25 0.25 

MIROC5 MPI-M Japan 1.40 1.41 0.25 0.25 

MIROC-ESM MIROC Japan 2.79 2.81 0.25 0.25 
MIROC-ESM-
CHEM MIROC Japan 2.79 2.81 0.25 0.25 

MPI-ESM-LR MPI-M 
German
y 1.87 1.88 0.25 0.25 

MPI-ESM-MR MRI 
German
y 1.87 1.88 0.25 0.25 

MRI-CGCM3 NICAM Japan 1.12 1.13 0.25 0.25 

NorESM1-M NorESM1-M  Norway 1.89 2.50 0.25 0.25 

 

2.2.2  Projected temperature changes for Guilin, Yangshuo, and Longsheng 

44. Changes in annual mean temperature and extreme temperature changes are analysed 
for Guilin, Yangshuo, and Longsheng under RCP4.5 and RCP8.5 climate change scenarios 
in 2050 in order to support the vulnerability and risk assessment and developing adaptation 
options for proposed project subcomponents. The analysis results are shown in Table 3. 

45. The projected temperature increases are 2.0 °C, 1.9 °C, 2.0 °C, 2.7 °C, 2.6 °C, and 
2.7 °C for Guilin, Yangshuo, and Longsheng in 2050 under RCP4.5 and RCP8.5 climate 
change scenarios, respectively. Differences are fairly small among the three project sites. 
Although temperature changes are consistently projected to increase by all GCMs, there are 
still fairly large discrepancies among GCMs. For Guilin, the annual mean temperature in 2050 
is projected to increase within ranges of 0.7 – 2.8 °C and 1.2 – 3.9 °C under RCP4.5 and 
RCP8.5 climate change scenarios, respectively. For Yangshuo, the annual mean temperature 
changes in 2050 are projected to increase within ranges of 0.7 – 2.7 °C and 1.2 – 3.8 °C under 
RCP4.5 and RCP8.5 climate change scenarios, respectively. The projected increases are 
slightly higher in Longsheng with ranges of 0.8 – 2.9 °C and 1.2 – 4.1 °C under RCP4.5 and 
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RCP8.5 climate change scenarios, respectively.  For all three sites, more GCMs are projected 
more than 2 °C increases in annual mean temperature in 2050. 

Table 3: Summary of Climate Change Impact on Changes in Annual Temperatures of 
Guilin, Yangshuo, and Longsheng 

Sites Scenarios Average (oC) GCMs ≥2oC GCMs ≥3oC 
Change range 
(°C) 

Guilin 
2050_rcp45 2.0 11 0 0.7 – 2.8 

2050_rcp85 2.7 16 4 1.2 – 3.9 

Yangshuo 
2050_rcp45 1.9 10 0 0.7 – 2.7 

2050_rcp85 2.6 15 4 1.2 – 3.8 

Longsheng 
2050_rcp45 2.0 12 0 0.8 – 2.9 

2050_rcp85 2.7 17 5 1.2 – 4.1 

 

46. The extreme daily maximum is projected to increase 1.8 °C, 1.2 °C, and 1.8 °C in 2050 
for Guilin, Yangshuo, and Longsheng under RCP4.5 climate change scenario, respectively. 
Under RCP8.5 scenario, the extreme maximum temperature is projected to increase 2.9 °C, 
2.1 °C, and 2.8 °C in 2050 for Guilin, Yangshuo, and Longsheng, respectively. Compared with 
analyses carried out in northern PRC, such as East Heilongjiang14 and Yanji City of Jilin 
Province15, the projected increases of extreme maximum temperature are significantly less in 
those three project sites.  

2.2.3 Projected precipitation changes for Guilin, Yangshuo, and Longsheng 

47. The projected precipitation for Guilin, Yangshuo, and Longsheng in 2050 are 
summarised in Table 4. As shown in Table 4, most of 21 the GCMs analysed are projecting 
increases in precipitation for Guilin, Yangshuo, and Longsheng in 2050 under RCP4.5 climate 
change scenario. However, it is projected no much changes (with minor increase or decrease) 
for the three sites under the RCP8.5 climate scenario. 

48. For Guilin, there are 17 GCMs projecting wetter, 3 GCMs projecting drier, and one 
projecting no change in 2050 under RCP4.5 climate change scenario. The projected median 
change is +4.7% with a change range of -6.4% - +17.7%. However, it is projected to decrease 
0.6% under RCP8.5 Climate change scenario with a change range of -9.2% - +124.6%, and 
10 GCMs projecting wetter and 11 GCMs projecting drier in 2050. ACCESS1-0 is the GCM 
that projected significant increases in precipitation whilst all other GCMs are projecting either 
slight decreases or moderate increases.   

49. For Yangshuo, there are 18 GCMs projecting wetter, and 3 GCMs projecting drier in 
2050 under RCP4.5 climate change scenario. The projected median change is +5.6% with a 
change range of -9.8% - +23.5%. It is projected a smaller increase of 1.8% under RCP8.5 
Climate change scenario with a change range of -9.8% - +154.5%, and 11 GCMs projecting 
wetter and 10 GCMs projecting drier in 2050. ACCESS1-0 is again the GCM that projected 
significant increases in precipitation whilst all other GCMs are projecting either slight 
decreases or moderate increases.   

Table 4: Summary of Climate Change Impact on Changes in Annual precipitation of 
Guilin, Yangshuo, and Longsheng 

Sites Scenarios Median (%) GCMs Dryer GCMs Wetter 
Change range 
(%) 

Guilin 
2050_rcp45 +4.7 3 17 -6.4 -- +17.7 

2050_rcp85 -0.6 11 10 -9.2 -- +124.5 

 
14 ADB. 2017. Heilongjiang Green Urban and Economic Revitalization Project - Climate Risk and Vulnerability   
    Assessment 
15 ADB. 2019. Jilin Yanji Low-Carbon Climate-Resilient Healthy City Project - Climate Risk and   
    Adaptation Options Assessment 
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Yangshuo 
2050_rcp45 +5.6 3 18 -9.8 -- +23.5 

2050_rcp85 +1.8 10 11 -9.8 -- +154.5 

Longsheng 
2050_rcp45 +5.0 5 16 -7.3 -- +15.3 

2050_rcp85 +0.2 10 11 -12.4 -- +105.8 

 

50. For Longsheng, there are 16 GCMs projecting wetter, and 5 GCMs projecting drier in 
2050 under RCP4.5 climate change scenario. The projected median change is +5.0% with a 
change range of -7.3% - +15.3%. It is projected a small increase of 0.2% under RCP8.5 
Climate change scenario with a change range of -12.4% - +105.8%, and 11 GCMs projecting 
wetter and 10 GCMs projecting drier in 2050. ACCESS1-0 is again the GCM that projected 
significant increases in precipitation whilst all other GCMs are projecting either slight 
decreases or moderate increases. 

51.   Changes in extreme precipitation intensity are also analysed by comparing the GCM 
simulated baseline period (1961-1990) and 2050 projections (2041-2060). GEV function of R 
package of extremes is applied to the daily rainfall data simulated by GCMs for both baseline 
and 2050 projections under both the RCP4.5 and RCP8.5 scenarios in order to identify the 
extreme rainfall changes at different periods in three project cities. The projected median 
changes of maximum daily rainfall are summarised in Table 5 for both cities and both climate 
change scenarios over return periods of 2, 5, 10, 20, 30, 50, and 100 years return periods. 

Table 5: Summary of Climate Change Impact on Changes of Extreme Rainfall Intensity 
by Return Periods for Guilin, Yangshuo, and Longsheng 

  2 
years  

5 
years 

10 
years 

20 
years 

30 
years 

50 
years  

100 
years 

Guilin 
RCP4.5 19.7% 4.5% 5.5% 4.6% 10.7% 15.3% 14.4% 

RCP8.5 22.4% 9.1% 6.3% 5.3% 3.8% 2.4% 3.2% 

Yangshuo 
RCP4.5 18.0% 14.1% 12.1% 6.2% 5.4% 1.9% 4.5% 

RCP8.5 15.8% 14.4% 8.9% 6.6% 7.9% 5.8% 7.5% 

Longsheng 
RCP4.5 11.0% 3.0% 13.8% 15.0% 8.9% 7.1% 10.9% 

RCP8.5 17.8% 16.2% 12.1% 15.0% 12.3% 16.2% 21.2% 

 

52. As shown in Table 5, there are large variations in the extreme maximum daily rainfall 
among GCMs. The projected increases in extreme rainfall events are higher in Guilin and 
Longsheng but lower in Yanhshuo. It is also worth to point out that Access-1.0 projected 
extraordinary rainfall intensity for all three project sites under the RCP8.5 scenario, reaching 
2,997 mm/day, 3,745 mm/day, and 1,421 mm/day for Guilin, Yangshuo, and Longsheng 
respectively, whilst its projections are similar to all other GCMs under the RCP4.5 scenario.  

53. By plotting the projected changes in temperature and the projected changes in 
precipitation a clear picture of potential futures can be seen (Figure 9) with projections form 
21 GCMs for two scenarios and 2 cities in 2050 based on median of 20 years period from 
2041 to 2060. Projected increase in temperature is somewhere between 0.7 °C and 4.1 °C in 
those three project sites, while projected precipitation changes are from about 12% dryer to 
23.5% wetter in 2050. One of the 21 GCMs is projecting approximately 150% of wetter in 2050 
across all three sites, which is out of the boundary of the plot.  
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Figure 9: Projected changes in precipitation and temperature for Heihe and Suifenhe 
City in 2050 underRCP4.5 and RCP8.5 climate change scenarios 

 

 
2.3 Climate change impact on flood risks of the Li River Basin 

54. Floods have had significant impact on the living and production activities of Guilin city 
and rural areas along the Li River17. The Li River runs north-south through Guilin with its 
upstream reaches from the centre of heavy rain in Guangxi Province, including Xing’an to 
Lingchuan Counties. Heavy rains during the flood season often cause floods on the Lijiang 
River, especially from May to June, there are 2 to 3 large-scale floods every year in general. 
Both sides of the river are high-risk floods areas from Guilin to Yangshuo. Figure 10 shows 
flood scenes of Yangshuo on 7 June 2020, which was caused by a record daily rainfall of 272 
mm. 

Figure 10: Flood scenes of Yangshuo on 7 June 2020 (left – flooded villages in 
Yangshuo County, right – The Jiaxiu Bridge on the main road of Yangshuo city) 

 

Source: Pengpai News – The Paper16 

 
16 More than 700,000 people have been affected by floods in Guangxi.   
    https://www.thepaper.cn/newsDetail_forward_7756490#p=2  

https://www.thepaper.cn/newsDetail_forward_7756490#p=2
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55. For this project, all proposed project subcomponents along the Li River and its 
tributaries are subject to substantial flood risks. Based on analysis of Zhang et al17, all areas 
along the Li River are subject to high extreme rainfall risks (Figure 11 - left) and high flood 
risks (Figure 11 – right). Three areas, including Guilin City, Daxu, and Xingping ancient towns 
(red coloured), are subject to extremely high flood risks.  As reported in Section 2.2.3, it is 
projected that the rainfall intensity will increase significantly in 2050 under either RCP4.5 or 
RCP8.5 climate change scenarios. It is important to assess the impact of climate change on 
flood risks of all project subcomponents along the Li River.  

Figure 11: Extreme rainfall risks of Guilin City (left) and flood risks of Li catchment 
(right), where red zones have the highest risks. 

 

Source: Zhang et al (2015)17 

56. In supporting climate risk assessment and adaptation options, an initial HEC-HMS 
hydrological model is developed for the Li River Basin above Yangshuo in this study for further 
assessment of climate change impact on flood risks to project subcomponents along the Li 
River. The HEC-HMS generates hydrological output (discharge) from precipitation, 
topography, and soil- and land use properties. Data availability was quite scarce and therefore 
a combination of locally sourced and global datasets was used. The most relevant data used 
are: 

• Digital Elevation Model (DEM): SRTM 30m (https://www2.jpl.nasa.gov/srtm/) 

• Precipitation: ERA5-Land 
(https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-
land?tab=overview) 

• Landuse: Copernicus (Buchhorn, M.; Smets, B.; Bertels, L.; De Roo, B.; Lesiv, M.; 
Tsendbazar, N. - E.; Herold, M.; Fritz, S. Copernicus Global Land Service: Land 
Cover 100m: collection 3: epoch 2015: Globe 2020.) 

 
17 Zhang Y X, Wang C Z, and  Bai X D. (2015). Research of Li River floods and defense counter measures.   
    Journal of Catastrophology. 2015 – 30(1) pp 82-86 (in Chinese) 
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• Soil type: Global Hydrologic Soil Groups 

• (https://daac.ornl.gov/SOILS/guides/Global_Hydrologic_Soil_Group.html) 

• Discharge timeseries in m3/s (January 2010 – October 2020) at two locations 

• Guilin (lat/lon: 110.31 / 25.23) 

• Yangshuo (lat/lon: 110.51 / 24.78) 

• Water level timeseries in m +msl: (January 2010 – October 2020) at two locations 

• Guilin (lat/lon: 110.31 / 25.23) 

• Yangshuo (lat/lon: 110.51 / 24.78) 

• Preciptitation timeseries at 

• Guilin station (lat/lon unknown) in mm*10 (January 1951 – November 2013) 

• ERA5-Land (gridded precipitation for the entire basin) in mm (January 2000 – 
October 2020) 

• Reservoir releases. It was communicated that besides regular releases from the 
reservoir also quite often emergency releases over the spillways were done. Since 
no specific data were available, some assumptions on those emergency releases 
were derived from the observed flow records. 

57. The 30m resolution SRTM-DEM was used to delineate the Li River using the build-in 
tools in HEC-HMS version 4.6. These tools fill sinks in the DEM, identify the drainage pattern 
in the DEM, identify streams based on the drainage pattern and delineate the basin into 
smaller subbasins. The minimum area of a subbasin was set to 25 km2, but there are some 
subbasins that are a bit bigger due to the absence of big enough reaches. The delineation 
process resulted in over 300 subbasins with an average surface area of 17 km2 (Figure 12).  

Figure 12: Overview of setup of the Li River Basin model in HEC-HMS. 

 

 

58. The performance of the HEC-HMS model was assessed by comparing observed and 
simulated discharges at Guilin and Yangshuo stations. Both the simulated and observed 
discharge are ranked in descending order and compared. This is done for the period that 
observed discharge data were available for the months May, June and July of the years 2010 
– 2020. 

59. The results of this comparison are shown below for Guilin in Figure 39 and for 
Yangshuo in Figure 40. At Guilin, the model tends to overestimate the discharges somewhat, 
but overall model performance is very good with R2 of 0.97. For Yangshuo the simulated 
discharges are somewhat underestimated for the higher discharge rates. Comparing water 
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levels same trend can be observed, although for both stations nearly all observed water levels 
are within the uncertainty range of the rating curves. 

Figure 13: Observed versus simulated discharge (in m3/s) at Guilin and Yangshuo 
stations for the months May, June, July of the years 2010 – 2020. Red line represents 

the one-to-one; blue line the linear fit. 

 

 

60. The impact of climate change on the Li River peak discharge rates and flood levels are 
simulated by the HEC-HMS model in 2050 under RCP4.5 and RCP8.5 climate change 
scenarios. A stress-test approach was applied by using the more extreme increases in 
precipitation to evaluate the response of those on the Li River Basin. The two selected 
projections will be referred to as “high” and “extreme”. Where “high” is based on the 18% 
increase in precipitation based on the wettest GCM (NorESM1) and the “extreme” is based on 
the 41% increase in precipitation extremes according to the same GCM. Obviously, other 
values can be selected to further explore impact of climate change on discharges and water 
levels. 

Table 6: Discharges at Guilin and Yangshuo at different return period for current 
(2010-2020), RCP4.5 and RCP8.5 climate change scenarios in 2050 as simulated using 

the validated HEC-HMS model. 

 Guilin Gauging Station Yangshuo Gauging Station 

Return 
Period (y) 

Current 
(m3/s) 

RCP4.5 
(m3/s) 

RCP8.5 
(m3/s) 

Current 
(m3/s) 

RCP4.5 
(m3/s) 

RCP8.5 
(m3/s) 

2 2051 2418 2914 2586 3039 3605 

5 2569 3036 3690 3131 3667 4367 

10 2961 3503 4276 3543 4141 4943 

20 3353 3971 4862 3955 4615 5520 

30 3582 4244 5206 4196 4893 5857 

100 4263 5056 6224 4912 5717 6859 

 

61. The simulated discharge volumes at Guilin and Yangshuo are shown in Table 6 for 
2050 with RCP4.5 and RCP8.5 climate change scenarios, together with the reference situation 
(2010-2020). On average, discharge at Yangshuo will increase by 12% and 28% at Guilin, 
and 13% and 28% at Yangshuo in 2050 under the two climate change scenarios respectively.  
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62. It is also estimated by the model that both maximum discharge volumes and flood 
levels are to increase significantly at the two stations in 2050 under the two climate change 
scenarios. As shown in Table 7, the maximum Li River levels will increase 0.6 m and 1.3 m at 
Guilin and 1.1 m and 2.6 m at Yangshuo in 2050 under RCP4.5 and RCP8.5 climate change 
scenarios.  

Table 7: Estimated changes (metres) in water levels at Guilin and Yangshuo in 2050 
under RCP4.5 and RCP8.5 climate change scenarios. 

 Guilin Yangshuo 
 

RCP4.5 RCP8.5 RCP4.5 RCP8.5 

Average ∆Q +0.14 +0.30 +0.20 +0.44 

Maximum ∆Q +0.60 +1.30 +1.10 +2.60 

Minimum ∆Q 0 0 0 0 

 

63. Climate change impact on discharge volumes and water levels are estimated by the 
model for gauging stations of Guilin and Yangshuo based on observed data. However, project 
sites are mostly away from those two sites and no observed data is available. Therefore, on-
site climate risk assessment will be carried out using discharge volumes and water levels at 
those two sites as reference. The climate change impact on discharge volumes is also 
estimated by the model for those tributaries with project sites as well. Those will be referenced 
by on-site flood risk assessment for those project sites as well. 

64. In addition to the main channel of the Li River, the model has also simulated climate 
change impact on streamflow and catchment runoff for a few other tributaries. The modelling 
results for climate change impact on the peak flood flow rates and levels of Li River and 
tributaries are summarised in Table 8. The actual climate risks assessment will be based on 
modelling results of RCP4.5 climate change scenario.   

Table 8: Hydrological modelling summary: climate change impact on peak flood flow 
rates and levels in 2050 under RCP4.5 and RCP8.5 climate change scenarios 

River /catchment 
Flow rate changes Flow level changes 

RCP4.5 RCP8.5 RCP4.5 RCP8.5 

Guilin 
Average (∆H) +12% +28% +0.14 m +0.30 m 

Maximum (∆H) +17% +36% +0.60 m +1.30 m 

Yangshuo 
Average (∆H) +13% +28% +0.20 m +0.44 m 

Maximum (∆H) +19% +42% +1.10 m +2.60 m 

Liangfeng 
Average (∆H) +12% +27% - - 

Maximum (∆H) +18% +39% - - 

Chaoyang 
Average (∆H) +13% +30% - - 

Maximum (∆H) +25% +39% - - 

Taohua 
Average (∆H) +13% +29% - - 

Maximum (∆H) +18% +39% - - 
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3. Key Potential Climate Change Impacts on Project 

65. As analysed in Sections 2.2 and 2.3, there is a clear trend in climate projections 
indicating that total precipitation and rainfall intensity will increase. Those changes will also 
cause significant increases in the flood volumes and levels of the Li River and tributaries, 
hence increased flood risks to project subcomponents. Projected increases in temperature will 
also impact some of the project subcomponents such as those ancient villages  

66. The project has a substantial number of subcomponents along the Li River and 
tributaries and in Longsheng County as well. From climate risk assessment point of view, 
project subcomponents are considered as the following categories: 

(i) Ecological rehabilitation of river embankments 
(ii) Stormwater drainage pipelines and ditches 
(iii) Sewage pipelines and treatment  
(iv) Non-motorized transit (NMT) 
(v) Solid waste and other sanitation facilities 
(vi) Ancient village building protection and refurbishment 
(vii) Tourist management centres and smart Li River system 

67. The project sites are flood prone area historically and facing exacerbated flood risks 
under future climate conditions. The key impacts of climate change on those subcomponents 
reported in this Chapter are based on analyses of future climate projections in 2050 in Chapter 
2. An initial climate risk and vulnerability assessment is summarized in Table 9. More detailed 
assessments are discussed in the following sections for different project activities. 

Table 9: Initial climate risk and vulnerability assessment for project activities 

Project activities 
storms & 
flooding 

Drought 
Extreme 
rainfall 
events 

Extreme high 
temperature 

Landslide 

Water related: 

• River works 

• Drainage system 

• Sewage treatment 
 

High 
Low to 
Medium 

High  
Low to 
medium 

Low 

Tourism infrastructure 

• NMT and Tourism 
parks 

• Ancient villages 

• Tourist management 
centers  

• Solid waste and other 
sanitation facilities 

High to NMT 
and medium 
to ancient 
villages and 
buildings 

Low  

Medium to 
high 

Medium Low 

Smart Li River system 

• Tourist services 

• Scenic area 
management 
applications 

• Ecological protection 
applications 

Medium to 
high 

Medium High 
Medium to 
high 

Low 

 
3.1 Climate change impact on ecological river rehabilitation works  

68. The project is proposed to ecologically rehabilitate the embankments for 13 sections 
of river work for the LI River and its tributaries. Those includes:  

(i) Li River – 2 sections in Yangshuo County and Xiangshan District;  
(ii) Chaoyang River - 1 section in Qixing District 
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(iii) Liangfeng River – 3 sections of first and secondary order tributaries and two 
sections of flood drainage canals inYanshan and Lingui Districts; 

(iv) Ningyuan River and Anxin Zhou – 2 sections in Xiangshan District; and  
(v) Chaotian River – 2 sections in Lingchuan County.  

69. The proposed those river works span for a large geographic area covers for nearly the 
whole Li River catchment with also specific tributaries that covers smaller areas. Whilst climate 
conditions are similar, the actual flood risks may be varied significantly due to catchment 
topography and surface conditions.  

70. The climate risk assessment for those rivers is mainly based on our initial hydrological 
modelling results for the Li River Basin, which is limited by time and available data. Therefore, 
the accuracy of this modelling work is limited, especially for tributaries where no observed 
climate and hydrological data was available. However, it is fairly consistent that the peak flood 
volumes are modelled to increase around 17% and 37% for the overall catchment areas in 
2050 under RCP4.5 and RCP8.5 climate change scenarios, respectively. There is no doubt 
that climate change will impose significant risks to the flood situation of those proposed river 
works. Details are reported in the following sections, and recommended proofing/adaptation 
measures will be reported in a separate chapter. 
 

3.1.1 Li River works in Yangshuo County and Xiangshan District 

71. The river works on the Li River include both side banks in Yangshuo town with a total 
length of 9 km, and west side of the Li River, together with a small tributary, Ningyuan River, 
in Xiangshan District with a total length of 8.4 km. Both project sites are on the Li River but 
Yangshuo is approximately 60 km in the south of Xiangshan District. The Xiangshan project 
site is in the south side of the gauging station in Guilin whilst Yangshuo gauging station is 
located in the project site.  

72. The proposed river works in the Xiangshan District are shown in Figure 14. Different 
from the Yangshuo project site, different types of river embankment are proposed according 
to the site spaces and existing embankment with a total length of 9.4 km. Those include: 

(i) Vertical embankment 
(ii) Vertical embankment – green planted  
(iii) Mesa revetment 
(iv) Step revetment 
(v) Ecological grass slop embankment 
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Figure 14: Proposed River works in Xiangshang District, including embankment 
works for Li River and tributary Ningyuan River 

 

 

73. There is also other infrastructure proposed along those riverbanks, including NMT and 
other sightseeing facilities. The elevation of Xiangshan project sites is ranging from 146 meters 
in the south end to 153 meters in the north end. Observed flow levels in the last 10 years 
(2010-2020) range from 140.98 m to 147.24m at Guilin gauging station, which is also located 
in the project site.  

74. The proposed river works in Yangshuo (Figure 15) is ecologically restoration of both 
sides of the Lijiang River with a total length of about 9 km, which includes 484,899.35 m2 of 
green areas, including wetlands, along the river banks, and other tourism facilities include walk 
and bicycle paths, and water platform and cruise ship docking points, and other ancillary 
facilities.  

75. The elevation of Yangshuo project site ranges from approximately 107 to 109 meters, 
which is subject to be inundated during the flood season. The warning flow level is 108 meters 
in Yangshuo gauging station, which is in the middle of the project site.  
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Figure 15: The project site of proposed ecological restoration of Li River banks in 
Yangshuo. 

 

 

76. The observed highest flood levels at Guilin and Yangshuo gauging stations are shown 
in Based on last 10 years gauging data, the flow level at the Yangshuo ranges from 103.4 
meters to 111.6 meters, with annual highest flood level exceeding the 108 meters warning 
level in 6 of the last 10 years.  

77. Based on observed flow levels, project sites of both subcomponents are subject to 
inundation during the high flood levels. This was also confirmed by on site assessment during 
visits (refer to the National Hydrologist report). 

78. This situation will be exacerbated by increased rainfall intensity caused by climate 
change.  As reported in Section 2.3, the hydrological modelling suggested that the high flood 
levels are likely to increase 1.1 and 2.6 meters in 2050 under RCP4.5 and RCP8.5 climate 
change scenarios, respectively. This suggest that those proposed green fields are likely to be 
inundated during extreme flood events. This requires appropriate adaptation measures to be 
developed to proof and/or minimise losses caused by climate change. 

3.1.2 River works for Chaoyang River in Qixing District 

79. Chaoyang River is a first-order tributary of the Li River that flows through the centre of 
the urban area of Guilin City. Chaoyang River is a 12.1 km long mountainous river with a whole 
catchment area of 21.3 km2.  Originated from the north side of Mt. Yao, it flows through many 
villages and urban areas and confluence with Li River at Wangjia village. The river course in 
the urban area of Guilin is gentle and curved, and there are many bridges and weirs. The 
region is very vulnerable to flood risks. The water system of Chaoyang River Basin is shown 
in Figure 16. 
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Figure 16: The Chaoyang River catchment area and streamlines. 

 

 

80. The proposed subcomponent is aimed to improve the flood control and disaster 
reduction capabilities of the Chaoyang River basin. Based on analyses of the current situation, 
the project will strengthen the flood protection infrastructure for five sections of Chaoyang 
River. The proposed work will include 5.36 km of integrated rehabilitation of Chaoyang River 
with flood protection of 100 years return period, together with other measures including 
dredging the same river sections.  

81. The Chaoyang River Catchment has high intensity rainstorm in the upper Yaoshan 
area from March to August. Due to the relatively small slope of the Chaoyang River, the 
characteristics of the flood are slow in both rise and fall. The peak duration generally exceeds 
10 hours. The flood peaks are formed often more than 20 hours, sometimes up to 30 hours. 
The peaks are often flat and lasting long time. This id different from most middle and small 
rivers.  

82. The observed rainfall intensities for different return periods are shown in Table 10, 
which is based on the data collected nearby Liangfeng meteorological station for 1 hour, 6 
hour, and 24 hours.  The design flood parameters are estimated using formula provided by 
the Regulation for Calculating Design Flood of Water Resources and Hydropower Projects18. 
The results are shown in Table 11. 

 
18 Ministry of Water Resources (2006). Regulation for Calculating Design Flood of Water Resources and   
   Hydropower Projects. Beijing. 2006 
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Table 10: Observed rainfall intensity for different return periods for the Chaoyang 
River Catchment 

Time 
Intervals 
(hours) 

Mean(mm) 
Return period (years) 

5 10 20 50 100 

1 53.2 66.8 78.2 88.8 102.3 112.1 

6 114.1 146.3 175.1 202.6 237.6 263.4 

24 163.6 213.6 261.5 307.9 367.6 412.0 

 
Table 11: The design peak flood (m3/s) and total flood event volume estimated using 

the design manual of PRC 

Return period (years) 5 10 20 50 100 

Peak flow (m3/s) 104 136 163 196 223 

Total flood event volume (m3) 455 557 656 783 878 

 

83. Climate change will have significant impact on both peak flood flows and flood volumes 
of the Chaoyang River. As reported in Section 2.2.3, the daily maximum rainfall will increase 
4.6%, 15.3%, and 14.4% in 2050 for rainfall events at 20, 50, and 100 return period under 
RCP4.5 climate change scenarios. This is likely to cause increases of 25% of peak flow and 
13% of increases of total flood event volume within the Chaoyang River Basin in 2050, 
according to the hydrological modelling outcomes as reported in Section 3.1.1.  

84. The design of the proposed river works will required take into account of the peak flood 
flow and flood volume increases caused by climate change. This will be further discussed in 
the development of adaptation options in this report.   

3.1.3 River works for Liangfeng River and tributaries in Yanshan Districts 

85. Liangfeng River is a first-order tributary of Lijiang River, originating from the border 
area of Yangshuo, Lingui and Yongfu counties. The total length of the river is 69 km, and flows 
from south to north with a total of 528 square kilometres catchment area. The average 
elevation of the basin is 239 meters, the mainstream slope is 1.81 ‰, and the average annual 
runoff is 517 million cubic meters. The river system of the Liangfeng River for the project sites 
are shown in Figure 17. 
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Figure 17: The river system of Liangfeng River and tributaries in Yanshan and Lingui 
Districts 

 

 

86. It is proposed to be rehabilitating five river sections that include two for the mainstream 
of Liangfeng River, and three for tributaries in Yanshan District and Lingui District. Those are: 

(i) Liangfeng River (Yanshan section) – 5.7 km 
(ii) Liangfeng River lower stream – 18.58 km 
(iii) Lower Dabu River – 3.71 km 
(iv) Flood drainage canals (Yanshan) – two sections with total length of 4.46 km; 

87. The Liangfeng river is a flood prone river basin. Based on the site visit of the National 
Hydrologist and data collected by the Design Institute (DI), many sites and villages along the 
river are flooded nearly every year whilst it was recorded high flood levels in 1998, 2008, and 
2015. According to observation at Liang gauging station, there were 49 flood events above 3 
years return period from 1967 to 2015. The observed peak flood flows are 205 m3/s, 238 
m3/s,280 m3/s, 320 m3/s, 342 m3/s, 369 m3/s, and 406 m3/s for 3, 5, 10, 20, 30, 50, and 100 
years return period, respectively.  

88.  The Liangfeng Hydrological station is located at a central position of those proposed 
river sections. The observed rainfall intensity at the station is used as the basis for the 
feasibility study for those river sections. The assessed rainfall intensity for different time 
intervals and return periods are shown in Table 12. 
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Table 12: Observed rainfall intensity for different return periods for the Liangfeng 
River Catchment 

Time Intervals 
(hours) 

Mean(mm) 
Return period (years) 

10 20 30 50 100 

1/6 (10 min) 19.6 24.8 26.5 27.4 28.6 30.0 

1 51.0 72.9 82.0 87.1 93.3 101.6 

6 102.3 163.5 192.5 209.2 229.8 257.6 

24 140.9 225.2 265.1 288.1 316.6 354.8 

 
89. The design flood peak flows at different river sections are also estimated for each river 
using the Regulation for Calculating Design Flood of Water Resources and Hydropower 
Projects18. However, those estimates are only applying to sites without observed data. 
Observed data is used where observation is available. Table 13 shows the design peak flows 
for selected sites of Liangfeng River for different return periods.  
 

Table 13: The design peak flood (m3/s) for selected sites of Liangfeng River. 

Location 
Catchment 
area (km2) 

Return period 

5 10 20 50 100 

Liangfeng Gauging Stat. 224.0 238 280 320 369 406 

End of Dabu River 76.1 140 199 268 360 429 

End of Liangfeng 497.4 405 477 545 628 691 

 

90. The initial hydrological modelling suggests that the peak flow of Liangfeng River will 
increase for 18% and 39% in 2050 under RCP4.5 and RCP8.5 climate change scenarios, 
respectively (refer to appended Hydrologist report). This suggest a substantial climate risk to 
those flood protection works if they are designed according to historical data.  

3.1.4 River works for river and flood protection works in Lingui Districts 

91. There are two river sections and a few flood drainage canals proposed in this project 
in Lingui District, including 5,2 km of Chenqiao River and 4.8 km of Taiping River, which are 
all tributaries of Xiangsi River. Taiping River and Chenqiao River are main rivers within the 
planned area south of Wanfu Road in Lingui District. The length of Taiping River is 23.2 km 
with a total catchment area of 83.0 km2.  Chenqiao River is 6.5 km long with a catchment area 
of 12.3 km2. 

92. In addition to those two river sections, there are also a few flood drainages canals in 
the catchment of those two rivers. Those include Flood control projects around Youtangwei 
Village and Yeong 25 Road, Guilin Medical College, and the 19 Road and Jinshan Road.  

93. The design rainfall intensity is based on data for nearby Sitang precipitation station as 
shown in Table 14.  The estimated design peak flood flows are show in Table 15 for selected 
river sections and flood protection project sites.   

Table 14: Observed rainfall intensity for different return periods for Lingui river and 
flood protection works 

Time Intervals 
(hours) 

Mean(mm) 
Return period (years) 

10 20 30 50 100 
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1 44.8 63.8 71.0 75.3 80.6 87.5 

6 101.2 162.0 190.0 207.0 227.0 22.5 

24 157.8 252.0 302.0 331.0 367.0 415.0 

 
Table 15: The design peak flood (m3/s) for flood protection project sites of Lingui 

District. 

Location 
Catchment 
area (km2) 

Return period 

10 20 50 100 

Chenqiao River 12.3 63.7 80.0 98.9 113.0 

Taiping River 52.9 164.0 209.0 261.0 296.0 

 

94. These rainfall intensity and peak flood flows are all estimated with historical data. 
Based on initial hydrological modelling, the peak flow is likely to increase for 17% and 39% in 
2050 under RCP4.5 and RCP8.5 climate change scenarios, respectively (refer to appended 
Hydrologist report). The indicate that climate change will impose substantial risks to those river 
works that are designed with peak flow volumes estimated using historical data. The climate 
change impact should be taken into account of the design to proof or adapt the climate change 
impact on flood risks.    

3.1.5 River works for river works in Daxu Town of Lingchuan County 

95. The river works proposed in Daxu Town include 6.4 km of Chaotian River and 0.4 km 
on its tributary, Jiansha River. Chaotian River is the second major tributary of the Lijiang River 
in Lingchuan County with a total length of 47.6 km and 457 km2 of catchment area. The long-
term annual streamflow is 435 million m3. The project sites are in its confluence area with Li 
River in Daxu Town. In addition to river works, there will be also a wetland subcomponent in 
the confluence area of Chaotian – Li River.  

96. The design flood volumes Table 16are estimated the peak flood volumes for both 
Chaotian River and Li River based on historical river gauging data for both rivers using the 
method regulated in Regulation for Calculating Design Flood of Water Resources and 
Hydropower Projects18.  

Table 16: The design peak flood (m3/s) for Chaotian River of Daxu Town, Lingchuan 
County. 

Location 
Catchment 
area (km2) 

Return period 

5 10 20 50 100 

Chaotian River 457 752 1003 1245 1580 1833 

Li River 2762 4387 5650 6384 7314 8011 

 

97. The initial hydrological modelling suggests that peak flood volumes in Guilin gauging 
station will increase 17% and 36% in 2050 under RCP4.5 and RCP8.5 climate change 
scenarios, respectively. The confluence of Chaotian-Li rivers is located close to the Guilin 
gauging station in the lower stream. We assume that climate change impact on flood risks of 
Chaotian River is similar to the Guilin gauging station in the absence of modelling for the 
Chaotian River Basin. Furthermore, higher flood levels of Li River will also increase the flood 
risks of the confluence area.  
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98. In summary, climate change will impose substantial increases in flood risks to the 
proposed project sites although further modelling will be required for more accurate 
assessment. This will be discussed in the adaptation options chapter of this report.  

3.2 Climate change impact on pipeline and wastewater treatment  

99. The project is proposed a large number of pipeline and wastewater treatment facilities 
by a number of project subcomponents across all project district and counties. The pipeline 
works include a total of 382,907 meters of sewage collection pipelines and 37,592 meters of 
stormwater pipelines or drainage ditches. Wastewater treatment facilities include 2 WWTP, 
five sewage pump stations, and 57 micro-sewage treatment stations in villages that are far 
away from the urban WWTPs.  

3.2.1 Stormwater pipelines and drainage canals 

100. Based on site assessments by the National Hydrologist, there are widespread flooding 
risks during the heavy rainfall season in many project sites where those pipelines work, and 
sewage treatment facilities are proposed.  Therefore, effective stormwater pipelines and 
ditches are essential to proofing and/or adapting the flood risks for the sewage pipelines and 
treatment facilities.  

101. The proposed stormwater pipelines and drainage canals are summarised in Table 17. 
Those are spanning a wide range of areas from districts of Guilin to Yangshuo County. Some 
of them are pipelines whilst others are drainage ditches and canals.  

Table 17: Summary of stormwater drainage works (pipelines and canals) by district 
and counties. 

District/counties Locations Length (m) Type  

Taohua River subproject – 
Xiufeng District 

Jiashan creek (upstream) 1700 pipeline 

Wujin River (Xiufeng Section)  2396 pipeline 

Liangfeng River project – 
Yanshan District  

Yanzhong Road 2711 Canal 

University of Technology 1747 Canal 

Lingui District 

Youtangwei Village 1412 Canal 

Guilin Medical Collage 1513 Canal 

Huixian industrial park 10223 pipeline 

Xinlong Rd 3920 pipeline 

Yangshuo County Dongling area 7000 canal 

Diecai District Liangtangli etc 5000 canal 

 

102. The design standard of those pipelines and canals are varied. For the drainage canals 
in Yanshan and Lingui districts, it is proposed to de designed with 100 years return period 
standard because they are the major flood protection infrastructure for important urban areas. 
However, for those small pipelines and ditches in project villages, the standard is much lower, 
normally at 1 – 3 years return period, according to the design guideline of PRC. The 
stormwater volumes are estimated using the Chart of storm runoff calculation in Guangxi 
Zhuang Autonomous Region19 for the major flood drainage canals (Table 18).  

 
19 Guangxi Autonomous Region Hydrology General Station (1984) Chart of storm runoff calculation in Guangxi   
    Zhuang Autonomous Region. 
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Table 18: The design peak flood (m3/s) for major flood drainage canals in Yanshan 
and Lingui districts. 

Location 
Catchment 
area (km2) 

Return period 

10 20 50 100 

Medical College 1.66 18.7 22.1 26.4 29.0 

Youtangwei Village (left) 0.69 9.7 11.2 13.1 14.4 

University of Technology n/a 20.4 24.9 30.1 34.0 

Yanshan government office n/a 53.2 66.2 82.0 93.7 

 

103. For those smaller drainage ditches and pipelines, the design stormwater volume q will 
be calculated using a formular provided by the design manual20 with parameters specifically 
derived for Guilin city. The formula is presented as: 

𝑞 =  
2276.830(1 + 0.0581𝑙𝑔𝑃)

(𝑡 + 10.268)0.686
 

Where t is rainfall time, P is design return period. The parameters of the formular are derived 
by analysing the observed rainfall events. More recent study is carried out by Wang et al 
(2017)21. 

104. The stormwater volumes estimated either by the Chart of storm runoff calculation in 
Guangxi Zhuang Autonomous Region19 or by the formula are all based on parameters derived 
from observed climate data. Those methods do not take into climate change impact on the 
stormwater volumes at all.  

105. Referring to analyses reported in section 2.2.3, the rainfall intensity is projected 
increase 19.7% in Guilin and 18.0% in Yangshuo for 2 years return period in 2050 under 
RCP4.5 climate change scenario, which is the design standard for most of stormwater 
pipelines in the rural areas. The design standard for those urban flood drainage canals is 100 
years return period, to which the rainfall intensity is projected to increase 14.4% in 2050 under 
RCP4.5 climate change scenario.  

106. Whilst the initial hydrological modelling does not provide details for stormwater 
volumes under future climate conditions, it is indicated that peak runoff in various catchments 
is likely to increase from 17% to 25% in 2050 under RCP4.5 climate change scenarios. The 
modelling outcomes indicate also up to 39% of increases in peak runoff in 2050 under RCP8.5 
climate change scenario.  

107. Those projected changes in rainfall intensity and runoff imposes substantial climate 
change risks to the proposed stormwater canals and pipelines in both urban and rural villages. 
Furthermore, the methods used in estimating stormwater volumes are too simple to represent 
the complexity of rainfall and runoff in different topography and diversified surface conditions 
in rural and urban conditions. 

3.2.2 Sewage pipelines 

108. The project proposed a substantial sewage pipeline works to reduce pollution to Li 
River from untreated sewage from urban and rural areas. Those involved works in many Li 
River tributaries in 8 districts and counties for collecting both industrial and household 

 
20 Outdoor Stormwater Drainage Design Guideline (2016 Edition)   
    http://www.soujianzhu.cn/Norm/JzzyXq.aspx?id=248 
21 Wang J, Li XH, Tang QY, and Wang T. (2017)  Derivation and research on rainstorm intensity  formula for  
    Guilin City. Journal of Anhui Agri. Sci. 2017-45 (1) pp174-177  

http://www.soujianzhu.cn/Norm/JzzyXq.aspx?id=248
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sewages for treatment. The details of proposed sewage pipeline works are summarised in 
Table 19. 

109. Climate change risks to those pipelines are mainly increased stormwater volumes and 
flood risks caused by increased rainfall intensity. As reported early, there will be substantial 
increases in rainfall intensity and runoff in 2050 based on analyses of future climate projections 
and hydrological modelling for project sites. With increased runoff and flood risks, those 
sewage pipelines constructed in this project are subject to higher flood risks to those manholes, 
and/or other pipe elements. In the extreme case, floodwater may overwhelm the sewage 
pipeline network and cause widespread spells of sewage water either in lower areas or 
flooding the destination WWTP which also cause damages and pollution.  

Table 19: Summary of stormwater sewage pipeline works by district and counties. 
District/counties Locations Length (m) 

Taohua River subproject – Xiufeng 
District 

Jiashan creek (upstream) 1,860 

Wujin River (Xiufeng Section)  5,620 

Yanpo village 4,378 

Tingjiangdong village 3,255 

Chaoyang River project – Qixing 
District  

Six villages 6,371 

Lingui District 
Huixian industrial park (north 9,844 

Xinlong road 3,920 

Dongling area - Yangshuo Dongling area 27,200 

Xiangshan District 12 villages 38,218 

Lingqu – Xingan county 18 villages 23,474 

Diecai District 
Five villages 18,245 

Wujin river – Diecai section 7,521 

Longsheng 11 villages 15,500 

 

3.2.3 Sewage pump stations, WWTP and micro-powered sewage treatment 

facilities 

110. In this project, one WWTP will be expanded for a capacity of 30,000 tons/day In Lingui 
District, and one major sewage pump station is proposed for Yanshan district with a capacity 
of 20,000 tons/day. 

111. In addition to those major sewage treatment facilities, a number of small ones are also 
proposed for a number of villages in 9 districts and counties, where it is too expensive to 
connect sewage pipelines to the main urban WWTP. Those facilities include 57 micro-powered 
sewage treatment facilities with treatment capacity ranging from 30 tons/day to 250 tons/day. 
There are also a few small sewage pump stations to raise the sewage in lower areas to the 
treatment facility.   

112. The WWTP in Dongling area of Yangshuo is located at very close to Li River with 20 
years return period flood protection standard. As reported in section 2.3, the peak flood flow 
volumes of LI River at Yangshuo gauging station are likely to increase 19% and 42% in 2050 
under RCP4.5 and RCP8.5 climate change scenarios, respectively. This will cause the flood 
levels increase 1.1 m and 2.6 m on the current flood peak levels in 2050 under RCP4.5 and 
RCP8.5 climate change scenarios, respectively. This will impose serious flood risks to the 
proposed WWTP. 

113. The WWTP in Lingui District will be designed with 100 years return period flood 
protection standard. The hydrological modelling results suggest that the catchment runoff is 
likely to increase 18% and 39% in 2050 under RCP4.5 and RCP8.5 climate change scenarios, 
respectively. Whilst there is no detailed data for the river there to estimate the potential 



34 
 

 

 

increases in peak flood level, it is evident for the climate change caused increases in flood risk 
to the WWTP.   

114. Those micro-powered sewage treatment facilities are facing similar flood risks caused 
by climate change. Some of them may not subjected to fluvial flood risks but increased rainfall 
intensity caused by climate change is likely to exacerbate the pluvial flood risks that those 
villages are suffering now. The hydrological modelling results suggest the runoff volumes are 
likely to increase between 17% and 25% in 2050 under RCP4.5 climate change scenarios 
across areas in the Li River Basin. With the rainfall intensity in current climate conditions, the 
projected increases are substantial for pluvial flood risks those small sewage treatment 
facilities.  

3.3 Climate change impact on NMT in Li River tourism zones 

115. A large number of non-motorised transport (NMT) subcomponents are proposed in this 
project by five districts and counties. There are also other small Many other tourism facilities 
are also proposed in conjunction with NMT along the Li River. Those include boat docking 
point, water platforms, toilets, garbage bins, rest benches and areas, and other affiliated 
facilities. The proposed NMT activities are summarised in Table 20. 

Table 20: Summary of non-motorised transport (NMT) works by district and counties. 
District/counties Locations Length (m) 

Taohua River subproject – Xiufeng 
District 

Fanglianchi - Yanshan Bridge 2,300 

Yanshan District Liangfeng River banks 11,400 

Xiangshan District 
Li river – pedestrian paths  13,600 

Bicycle - paths  14,400 

Daxu Town – Lingchuan County 

Li river bank 1,970 

Chaotian River bank 6,400 

Jiansha River bank 400 

Lingqu – Xingan County Lingqu Bank 8,600 

Diecai District Li River bank 5,000 

 

116. All those NMT works are along Li River and tributaries, which often combined with river 
embankment works and landscaping works. The climate risks of those river works are 
discussed in earlier sections already. however, some NMT works are designed closer to 
waters of rivers, hence lower than the river embankments. This means that those NMT paths 
are subject to be flooded during higher river level or flood events. Therefore, the design of 
those NMT should consider adaptation measures, especially to higher average water level 
caused by climate change. This will be discussed further in later in adaptation options. 

3.4 Climate change impact on other tourism infrastructure  

117. Other tourism infrastructure proposed by the project include two touring distribution 
centres along the Li River and electrical boat in Lingqu, which is the original source of Li River.  

3.4.1 Lijiang Mopanshan and Caoping tourist management centres 

improvement  

118. This project proposes to improve two of the four Li River boat tour wharf and tourist 
management centres. The Li River boat tour is a 60 km tour with four major stops from 
Mopanshan to Yangshuo. The four major wharfs are Mopanshan, Caoping, Yangti, and 
Yangshuo. This project is to improve Mopanshan and Caoping tourist management centres 
by adding essential infrastructure to improve the tourist management.    
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119. The Mopanshan tourist management centre is located at about 23 km in the southeast 
of Guilin City on the Li River bank (Figure 18), with Daxu Ancient Town in the upstream and 
Zhujiang Wharf 2 km away in the downstream. Project contents include constructing tourist 
management building and works dormitory, local characterised product shop,1750 meters of 
parking spaces, pedestrian paths to the Zhujiang Wharf, and 140,000 m2 of landscaped green 
fields along the path.  

Figure 18: Location map of Mopanshan Wharf and tourist centre 

 

 

120. Caoping tourist management centre is in the south of Mopanshan wharf and one of 
the four major stops of the Li River boat tour. The proposed work for Caoping tourist 
management centre include tourist boat waiting room, other tourist service rooms, centre 
management building, and some parking spaces.  

121. As reported earlier, the project sites have a subtropical climate and temperature is 
normally high during the dry seasons. As reported in Chapter 2, the extreme daily high 
temperature is likely to increase 1.8 °C and 2.9 °C in 2050 under RCP4.5 and RCP8.5 climate 
change scenarios, respectively. The rainfall intensity is projected to increase catchment runoff 
will increase 4.5-14.4% for 5 years return period rainfall event in 2050 under RCP4.5 and 
RCP8.5 climate change scenarios, respectively. This will cause 17-25% of increases in 
stormwater volume for those tourist centres, according to the initial hydrological modelling 
reported in Chapter 2 in 2050 climate conditions. 

122. The projected increases in rainfall intensity will impose risks to the stormwater drainage 
pipeline network designed for those centres that are designed with guidelines based current 
climate. With current daily rainfall up to 300 mm in the region, there is a risk for those centres 
being flooded by heavier rainfall events in the future climate conditions if the projected rainfall 
intensity is not taken into account of the design. 

123. The projected increases in temperature may affect the operation of those centres. The 
electricity supply is often stressed by extreme high temperature and heat wave events in many 
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cities of PRC due to increased cooling demands. The rural areas are especially vulnerable 
because the power supply infrastructure is in a lower grade and with also lower power supply 
priority.  

3.4.2 Electrical tourist boats 

124. Electrical tourist boats and bamboo rafts are two project components are proposed by 
project subcomponents of Lingqu and Mopanshan tourist centre respectively. In Lingqu 
subcomponents, the project will purchase 5 new tourist boats, whilst Mopanshan tourist centre 
will replace diesel power to electrical bamboo rafts in order to reduce pollution to the river 
systems. 

125. Climate change may impose risks to those electrical boats and rafts by causing 
increased river flow levels and speeds that may affect the safety and operability of those boats. 
The current operation guidelines for diesel boats and rafts may not suit to the electrical boats 
and rafts under the future climate conditions. Therefore, those guidelines should be updated 
for electrical boats/rafts with appropriate adaptation measures included.  

3.4.3 Smart Li River System 

126. The Smart Li River system is an information and communication technology (ICT) 
platform integrating tourism and river ecological protection management, comprised of a 
service module for tourists and service providers, an operations module for tourism business 
management and safe boat operations in the Li River scenic area, a supervision module for 
cultural and tourism data services, regulatory oversight and  emergency dispatch, and an 
ecological protection module for ecological monitoring and management. 

127. Climate risks to the Smart Li River System modules are mainly associated with 
extreme weather events causing disruption to electricity supply and internet. Many proposed 
sensors of the system are installed outdoors and exposed to extreme weather events such as 
severe storms, lightning, and strong winds. Those events may cause damage to either the 
sensors themselves or the power supply and Wi-Fi/internet reliability. The times when such 
extreme weather events occur are also those when sensors are most needed for providing 
information to the city’s managers.    

128. In addition to those outdoor sensors, the internal processing equipment of the smart 
city is heavily dependent on reliable power supply and internet/Wi-Fi to collect and process 
information. They also subject to risks imposed by increased frequency and intensity of such 
extreme weather events.   The design and implementation of such systems will have to take 
into account such climate risks. 

3.5  Climate change impact on restoration of ancient villages in Longsheng  

129. This project subcomponent is to repair and protect 11 ancient villages in Longsheng 
County. Longsheng is not part of the Li River Basin but one of the important tourism 
destinations of Guilin City. There are over 10 ethnic groups living in the county and many 
ancient villages in different styles in the county.  The locations of the villages are illustrated in 
Figure 2.  

130. The project content in those villages include: 

(i) Ecological protection and restoration of ancient and traditional buildings 
(ii) Protection of historical environmental elements, including ancient wells, 

ancient trees, ancient steles, ancient tombs, historical rivers and canals, 
and ancient ruins, etc 

(iii) Protection of cultural relics and intangible cultural heritage 
(iv) Ecological protection and environmental landscape improvement 
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(v) Development of public facilities, including activity centres, tourist service centres, 
cultural squares, domestic garbage disposal facilities, and fire-fighting facilities etc. 

 

131. Those ancient villages are currently facing two major climate related risks. Firstly, the 
county is prone to hazards such as landslides and slope failure due to its climate, topography, 
and geology. From 1985 to 2006, the county had recorded over 500 geo-hazard events 
including mainly landslides but also some hill collapses. More than half of those geo-hazards 
were triggered by severe storms, and/or a combination of severe storms and engineering 
works. Human activities, such as cutting steep hills for constructing roads, digging in the foot 
of slopes, and irrigation, are the major contributing factors for the remaining hazard events. 
Those hazard events posed risks to roads, village houses, farmlands, and forestry in the 
county. 

132. The other is fire risks of those wooden houses in those ancient villages (Figure 19). 
Some recent fire events are summarised as follows and some images are shown: 

(i) A fire occurred on 1/12/2017 in Jinzhuzhuang Village of the Longsheng 
Longji Scenic Area, which burnt 9 villager houses and caused another 
11 houses being demolished for fire control purpose22;    

(ii) A Fire occurred in Zhoujia Village of Sishui Township on 31/07/2018, 
which burnt down 12 ancient village houses, and caused another 8 
houses being demolished for fire control purpose23; 

(iii)  A fire occurred in in Xiaozhai Village of Longji Township on 30/09/2018, 
which burnt 29 ancient village houses and caused another 19 houses 
being demolished for fire control purposes24. 

 

 
22 Fire in Jinzhuzhuang Village of Longsheng Longji Scenic Area in Longsheng County. Sina Guangxi News  
   (2017) http://gx.sina.com.cn/zimeiti/2017-12-02/detail-ifyphxwa7507966.shtml  
23 Longsheng: Fire broke out in Baimian Group of Zhoujia Village, Sishui Township. Guilin Life Net (2018)      
   http://m.guilinlife.com/news/article/docid/137-417843  
24 Fire broke out in Xiaozhai Village of Longji Township, Longsheng, Guilin. people.cn (2018)  
   http://gx.people.com.cn/n2/2018/1001/c179430-32120246.html  

http://gx.sina.com.cn/zimeiti/2017-12-02/detail-ifyphxwa7507966.shtml
http://m.guilinlife.com/news/article/docid/137-417843
http://gx.people.com.cn/n2/2018/1001/c179430-32120246.html
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Figure 19: Fire scenes in different ancient villages of Longsheng County in 2017 -2018 

 

Source: Sina Guangxi News22, Guilin Life Net23, and people.cn24 

 

133. Climate change is very likely to exacerbate those risks under future climate condition 
with increases in extreme temperature and rainfall intensity. The sustainability of the ancient 
village protection work proposed in this project.  

3.5.1 Land slide risks 

134. The scenery of Longsheng County is characterized with rice terraces built on steep 
hills. Those proposed ancient villages are also mostly constructed on steep hills that are 
vulnerable to sustained heavy rainfalls during the rainy season. Landslide happens more 
frequently in recent decades in the county due to increased human activities, mostly in the 
mining sites and along the major roads, which cut steep hills and reduced forest vegetation 
cover. There has been no land slide event reported in those project villages proposed.  

135. The proposed project activities are mostly focused on the protection and restoration of 
historical buildings and cultural sites, solid waste management, and ecological protections. 
Therefore, it is concluded that the land slide risk to those project activities and sites is not very 
high after discussion with the DI engineers and PMO staff.   

136. However, Climate change will exacerbate the landslide risks of those villages, 
especially those houses built on the steep hills (Figure 20). As reported in Section 2.2, the 
rainfall intensity is likely to increase 3.0 – 15.0% and 12.1 – 21.2% in 2050 under RCP4.5 and 
RCP8.5 climate change scenarios respectively. This will impose further risks on those 
currently vulnerable villages in future climate conditions. The project should try to reduce the 
landslide risks of those villages in the design and implementation process. 
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Figure 20: Houses built on steep hills in project villages of Longsheng County 

 

 

3.5.2 Fire risks 

137. The temperature in Guilin region is known as mild and the record extreme maximum 
temperature is 39.5 °C between 1951 – 2010. Compared with many other PRC cities, Guilin 
has lower climate risks imposed by extreme high temperature events and heatwaves. 
However, indirect impacts, such as higher electricity demand and higher evaporation caused 
drought in the dry and hot season, may also affect the maintenance and operation of 
infrastructure proposed in this project.   

138. As reported in Section 2.2.2, the extreme daily maximum is projected to increase 
1.8 °C, 1.2 °C, and 1.8 °C in 2050 for Guilin, Yangshuo, and Longsheng under RCP4.5 climate 
change scenario, respectively. Under RCP8.5 scenario, the extreme maximum temperature 
is projected to increase 2.9 °C, 2.1 °C, and 2.8 °C in 2050 for Guilin, Yangshuo, and 
Longsheng, respectively. 

139. For this project, the projected increases in extreme temperature are not likely imposing 
significant impact on those river and water related subcomponents along the Li River. However, 
increases in extreme high temperature and heatwave events will certainly impact those 
ancient village houses repair and protection subcomponents in Longsheng County. Those 
wooden ancient village buildings in Longsheng are particularly vulnerable to fire risks during 
the dry season with high temperature.  

140. The electricity supply facilities of those ancient houses are identified as one of the main 
cause of fires by site visits and discussion with villagers (by the TRTA Social Specialist) in 
Longsheng County. Those electricity facilities were installed by farmers many years ago are 
often old and worn, and/or, with capacity lower than the actual house appliance requirement. 
Those cables/wires can become the heat sources to spark fire when house electricity uses 
are consistently higher than the capacity of those cables/wires.  

141. The projected increases in average and extreme temperature will further exacerbate 
the fire risks of those ancient wooden houses in Longsheng. Whilst fire events have happened 
mostly during the dry season when temperature is high, the projected temperature increases 
will also be happening in the dry hot season. This will impose further risks to those valuable 
ancient village houses that are already vulnerable to fire risks already.  

142. Appropriate structural and non-structural adaptation options should be developed 
during the design and implementation of this project on the basis of existing measures 
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developed and practised by the government and community. Those will be further discussed 
in the next chapter. 

4. Climate Change adaptation options 

143. Based on assessment above, there are a number of options for improving the 
resilience of the proposed project to future climate conditions. Those include adaptation 
options related to increased extreme rainfall frequency and intensity, options to respond to 
increased average and extreme high temperature events, and options for project operation 
and maintenance. Because the FSR of all subprojects have been focused on their feasibility 
rather than design details, there remains a good opportunity for integrating climate change 
adaptation options into the actual infrastructure design and construction. 

4.1  Adaptation options for river works and flood drainage facilities  

144. The design flow rates are assessed using historical data in PRC. However, climate 
change will cause significant increases in both flood flow rates and river levels. Therefore, it 
is recommended that the design of proposed river works to take into account of climate change 
caused increment in both flood flow rates and levels.  

145.  It is also recognised that structural measures have also limit in proofing/adapting flood 
risks in proposed project rivers due to high average rainfall and rainfall intensity in the region. 
Therefore, non-structural measures are also proposed for the project. 

4.1.1 Structural adaptation options for river works  

146. Structural adaptation is to integrate the projected increment in flood rates into the 
design of proposed river works. As reported in Chapter 3, peak flow rates are likely to increase 
significantly under future climate conditions. In this study, we recommend that design flood 
flow rates to add the increment caused by climate change onto the DI assessed flood flow 
rates using observed historical data. The recommended increments are based on initial 
hydrological modelling results for 2050 under RCP4.5 climate change scenarios. The 
recommended increment is in term of percentage of the flood peak rate assessed using 
observed climate and river gauging data. 

Table 21: Recommended increment for design peak flow rate of river works 
River name/section Flow rate increment 

(%) 
Flow height 

increment (m) 

Wujin River 18%  

Li River Guilin gauging station/anxin Island 17% 0.6 

Ningyuan River 17% 0.6 

Li River Yangshuo gauging station 19% 1.1 

Chaoyang River 25% - 

Liangfeng River (Yanshan Section) 18% - 

Liangfeng River (lower stream) 18% - 

Dabu River 18% - 

Chenqiao River 18% - 

Taiping River 18% - 

Caotian River 21% - 

Yansha River 21% - 

 

147. The recommended increment in peak flood flow rates is summarised in Table 21 for 
all proposed river sections in this project. It is emphasised that those recommendations are 
based on the initial hydrological modelling results, which has simulated climate change impact 
on flow rates at some sites and tributaries. More detailed hydrology/hydraulic modelling is 
required for further preliminary and detailed design at more sites with flow rates, flow levels 
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and speed so that river works are properly designed to proof future floods at the design 
standard. 

4.1.2 Structural adaptation options for stormwater pipelines and drainage 

canals  

148. The increment for design stormwater volumes of flood drainage canals and stormwater 
pipelines are similar to those of rivers and summarised in Table 22. Those pipelines and 
canals are located also in catchments of those rivers works reported above and the climate 
change caused increments are also similar to recommendations for those rivers. 

Table 22: Recommended increment for design stormwater volumes of pipelines and 
canals 

District/counties 
Locations 

Stormwater volume 
increment (%) 

Type 

Taohua River subproject – 
Xiufeng District 

Jiashan creek (upstream) 18% pipeline 

Wujin River (Xiufeng Section)  18% pipeline 

Liangfeng River project – 
Yanshan District  

Yanzhong Road 18% Canal 

University of Technology 18% Canal 

Lingui District 

Youtangwei Village 18% Canal 

Guilin Medical Collage 18% Canal 

Huixian industrial park 18% pipeline 

Xinlong Rd 18 pipeline 

Yangshuo County Dongling area 17% canal 

Diecai District Liangtangli etc 18% canal 

 

149. Whilst climate change caused increment is similar to rivers, the method for assessing 
design stormwater volumes is different to rivers that are mostly based on measured historical 
data.  Therefore, it is also recommended that those pipelines are further assessed using 
hydrology/hydraulic modelling in the preliminary and detailed design stage. 

4.1.3 Hydrological and hydraulic modelling support for engineering designs of 

adaptation options  

150. Whilst the FSR accepted increments in river peak flood rates and stormwater volumes 
recommended above. It is still recommended that more accurate hydrological/hydraulic 
models to be developed for project rivers and catchments to support further design and 
construction works. The initial hydrological modelling work has simulated the climate change 
impact on catchment runoff and river streamflow. However, the modelling results are 
insufficient for supporting robust engineering designs because the work is constrained by 
available data and time in the project preparation stage. It is proved by previous ADB project25 
that hydrology/hydraulic modelling is a powerful tool for integrating climate change adaptation 
options with the designs of river and stormwater management works.  

151. This project has embankment works for a number of river sections and stormwater 
drainage canals and pipelines, which deserve to be modelled accurately in both integrating 

 
25 ADB (2019) Jilin Yanji Low-Carbon Climate-Resilient Healthy City Project: Climate Risk and Adaptation   
   Options Assessment. https://www.adb.org/sites/default/files/linked-documents/50322-002-sd-03.pdf  

https://www.adb.org/sites/default/files/linked-documents/50322-002-sd-03.pdf
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climate change adaptation options and optimise the design for sustainably proofing flood risks 
at their design standard. 

4.2 Adaptation options for Sewage pipelines and treatment facilities 

152. It is recommended the design of manholes of proposed sewage pipelines to avoid 
locations that are subject to inundation during heavy rainfall events. The proposed sewage 
pipelines are separated with stormwater drainage. However, due to the high rainfall intensity, 
those manholes of sewage pipelines are subject to flood risks due to localised pluvial floods. 
The recommended design will protect the pipeline from such pluvial flooding hence protect the 
sewage treatment facilities being flooded. 

153. It is also recommended the design of WWTP, sewage pump stations, and micro-
powered sewage treatment facilities to include flood protection walls to proof flood risks from 
either from rivers or heavy rainfalls.  

4.3 Adaptation options for NMT and landscape improvement 

154. It is recommended that the design and construction of NMTs subject to inundation to 
adopt stronger structure and material that are resist the scour of the flood flows. NMTs will be 
mostly built on top of the river embankment or below embankment to connecting with 
waterfront platforms. The climate risks of those NMTs on top of the riverbank are the same to 
river embankment works whilst those built lower than the river banks are certainly subject to 
inundation during certain flood events.  

155. It is also recommended water/flood resistant plant species to be adopt on those 
landscape improvement activities in the riverbank areas. Those include Li River sections of 
Yangshuo, XIangshan, and some others. Plant species and other related infrastructure in 
those activities should be able to resist a short period inundation and the scour of the flood 
flows as well. Erosion management measure are also recommended to be built in the 
landscape improvement activities.  

4.4 Adaptation options for other tourism infrastructure  

156. Other tourism infrastructure is referring to the two tourist centres on Li River and 
electrical boats for Lingqu and Li River. The climate risks of the tourist centres are mainly 
stormwater management and power supply. The climate risks to electrical boats are mainly 
that increases in river streamflow levels may cause increases in sailing resistance to those 
electrical boats. Such changes may affect the sailing capacity and safety of those boats that 
are designed according to current climate conditions. 

157. It is recommended the designs of tourist centres to consider 18% of increases in 
stormwater pipelines’ drainage capacity. Air conditioning capacity of those centres are also 
recommended to be increased in their designs to adapt projected temperature increases for 
future climate conditions.  

158. Furthermore, it is also recommended that dedicated powerlines are constructed for 
those tourist centres for adapting power stresses under future climate conditions. Those two 
centres are located in the rural areas and power supplies are sourced from a nearby state 
owned farm. The power supply infrastructure is less adequate than those for major cities.  
Increase in temperature may cause higher power demands and power shortages under future 
climate conditions. Therefore, secured power supply is important for the sustainable 
operations of those tourist centres.   

159. For those electrical boats, it is recommended to consider sufficient power for the 
increased river flow levels and sailing resistance caused by climate change. In the meantime, 
it is also recommended that robust operational manual and risk management plan to be 
developed for those boats. 
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160. As reported in section 3.4.3, increased frequency and severity of extreme climate 
events are the major climate risks for the proposed Smart Li River systems. The system 
requires reliable electricity, internet, and equipment with stable performance under those 
extreme circumstances.  Therefore, it is recommended that the design of the smart city system 
should: 

(i) Install dedicated power supply and negotiate with power supply authority 
for the highest priority in power supply to the system; 

(ii) install the most reliable internet with backup from other suppliers; 
(iii) install outdoor equipment that works under all extreme weather 

conditions.    

4.5 Adaptation options for restorations of ancient villages in Longsheng 

161. As discussed in Chapter 3, major climate risks to those villages are landslide and fire 
risks. Lower standard and old power supply wires are the major reason for fires of wooden 
houses in those villages. The landslide risks caused by heavy rainfalls on those houses built 
on steep slopes. 

162. For fire risks, it is recommended that power supply lines to all households in those 
villages and investment in fire-fighting infrastructure in those villages. Whilst the latter is 
accepted by the PMO, we are advised that the county has other domestic fund to upgrading 
the power lines to all household. Therefore, we recommend that the project to provide with:  

(i) Developing fire management procedures for those villages, and trainings 
for fire safety and disaster management for community residents; 

(ii) Developing other fire prevention and protection publications such as 
booklet or digital form documents that accessible by all residents to raise 
awareness within community and tourists; 

(iii) Strengthening the fire patrol and inspecting the sire safety issues 
regularly; and 

(iv) The project implementation team should also monitor the progress of 
powerline upgrade work although it will be funded by another fund 
source. The project design should also have the flexibility to fund the 
powerline upgrading work if the promised fund is not available for some 
time during the project implementation process.  

163. For landslide risks, it is recommended that project activities: 

(i) To avoid cutting hills surrounding those villages and cleaning 
vegetations during the project implementation process; 

(ii) To examine the status of geological stabilities of all villages; and 
(iii) To work with Guilin Meteorological Bureau and other relevant agencies 

in developing community response plans based on the bureau’s 
Geological and Flash Flood Early Warning System26. 

 
4.6 Sponge city infrastructure - nature based solution  

164. One of the major reasons for increasing flood risk is caused by fast urban expansion 
that replaces natural vegetation with hard urban surfaces. The increasing hard urban surfaces 
in the catchment results increasing runoff ad stormwater volumes in the Li River catchment 

 
26 Li X, Wu J and Wang C et al. (2013) Study on the Meteorological Risk Warning System for Geological and   
   Mountain Flash Flood Disaster of Guilin. JOURNAL OF METEOROLOGICAL RESEARCH AND APPLICATION   

   (IN CHINESE). Vo1. 34 No．PP 33-50 
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hence increased flood risks. This will be further exacerbated by climate change caused 
increases in rainfall intensity. 

165. One of the important adaptation options is to adopt nature based urban development 
solutions, including urban green fields development, and sponge city infrastructure in urban 
areas. Sponge city infrastructure is green infrastructure including rain gardens, permeable 
parking or walk paths, wetlands, and other facilities, such as grass swales, that are not only 
detain stormwater to reduce peak runoff but also improve water quality.  

166. In this project, it is recommended that sponge city infrastructure to be built in all project 
catchment, according to available spaces. Under support of the river rehabilitation and Sponge 
City Specialist, the design of this project has included 165.10 ha of green field development 
and 170,095 m2 of various sponge city infrastructure (Table 23).  

Table 23: Summary of green field and sponge city infrastructure development by 
project subcomponent 

Project subcomponent Green field 
(ha) 

Sponge city (m2) 

Taohua river NMT and environmental rehabilitation 5.51  7,966 

Yangshuo Li River bank ecological restoration 48.50 12,650 

Chaoyang River comprehensive rehabilitation    7,150 

Liangfeng River water environment rehabilitation  38.19 35,305 

Linqui Li River ecological rehabilitation 4.73 10,496 

Yangshuo Dongling Area drainage pipeline upgrading       108 

Xiangshan Li River bank NMT  16.21 55,000 

Daxu ancient town environmental rehabilitation 21.41 111,98 

Li River origin – Lingqu water system rehabilitation 0.27  

Diecai District village protection  21.59    4,520 

Mopanshan tourist centre supplementary works 8.32 15,000 

Caoping tourist centre supplementary works  0.40   3,752 

Longsheng ancient village protection     6,950 

Total 165.10 170,095 

 

4.7 Catchment based planning for adaptation to flood risks 

167. In general, the major climate risks are increases in flood risks in both Li River and its 
tributaries. Whilst structural adaptation measures may be effective in proofing and/or adapting 
climate change impact at certain extent. In the meantime, non-structural adaptation measures 
are also important to adapt and reduce flood risks in the Li River Basin. 

168. It is recommended that community participatory integrated river basin disaster 
reduction plans are developed for project river basins. Those include the Liangfeng River, 
Chaoyang River, and Wujin River. Such plan should include but not limited to: 

(i) Assessing flood risks of the whole catchment rather than the river 
embankment only; 

(ii) Response plans should be developed for all communities within the 
catchment; 

(iii) Developing robust flood response procedure for community and 
government agencies; 

(iv) Developing comprehensive land and water resource management plan 
to reduce the impact of urbanisation, which has been caused increasing 
hard surfaces in the last few decades; 
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(v) Sponge city infrastructure or natura; based solutions should be 
integrated into the overall urban development planning process.  

169. The recommended catchment plans are initially focused at three Li River tributaries, 
Liangfeng River, Chaoyang River, and Wujing River, as a demonstration for climate change 
adaptation and sustainable development. 
 
5. Account for Climate Finance and Estimate GHG Emission 

170. This project is investing a substantial proportion of project fund in mitigation and 
adaptation. The total climate finance of this project is accounted for €61.97 million and €60.52 
million for adaptation and mitigation respectively, of which €24.25 million and €23.38 million 
are financed by ADB respectively.  
 
171. The major adaptation activities in this project are increase the flood protection capacity 
of river works, sewage and stormwater drainage pipelines, WWTP and pump stations, and 
NMT and tourist centres etc. Nature based solutions, including urban green field, ecological 
protection applications of Smart Li River System, and sponge city infrastructure development, 
are all part of the green infrastructure for adapting future climate change. The adaptation 
finance is summarised in Table 24. 

172. The major mitigation activities in the project include developing new urban green fields, 
non-motorised transport that encourages people walking and cycling. Those activities will 
contribute to GHG reduction in the implementation of this project. The details of GHG reduction 
and mitigation finance are described in detail in Table 25. The conversion factor is calculated 
by referring to subsection 4 in chapter 4 of the IPCC guidelines.  The total CO2e emissions 
generated by the project, every year during the operation, will be about 6,892.7 tons/annum, 
while the total CO2e sequestration and emissions reduction from the project will be about 
14,195.40 tons/annum. Hence, the net GHG emissions from the project will be a reduction of 
7,302.70 tons/annum. 

Table 24: Climate change adaptation related investment from project subcomponents 

Adaptation Activity Target Climate Risk 

Estimated 
Adaptation 
Costs 
(€ million) 

Adaptation Finance 
Justification 

Increases the design flood 
volumes for 10 river 
sections with a total length 
of 68.34 km  

Higher peak flood volumes 
and heights caused by 
increases in rainfall 
intensity and frequency 
are imposing increased 
flood risks. 

17.29 
(ADB loan: 

6.68) 

Increase the design flood 
volume for 18-25% for 10 
sections of river works 
(total length - 68.34 km) 
with cost €17.29 million 

Add sponge city 
infrastructure, including 
wetlands, rain gardens, 
grass swales, grass 
embankment protection, 
and permeable parking 
space etc, to all project 
subcomponents where is 
practical    

Increases in rainfall 
intensity may exacerbate 
urban inundation risks by 
causing increased in 
stormwater volumes under 
future climate conditions 

11.46 (ADB 
loan: 4.43) 

Sponge city infrastructure 
is a nature-based solution 
for urban development, 
which will reduce 
stormwater peak runoff 
and pollution of with 
increased detention and 
infiltration through those 
infrastructure.  Developing 
a total of 311,493 m2 of 
sponge city infrastructure 
costs €11.46 million. 

Building additional 
resilience to climate 
change caused flood risks 
and extreme climate 
events for tourism 

Increases in rainfall 
intensity and flood 
volumes may imposed 
risks to many tourism 
facilities, such as 

16.26 
(ADB loan: 

6.28) 

Construction with 
improved 
structure/material to 
tourism infrastructure 
along LI River to resist 
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Adaptation Activity Target Climate Risk 

Estimated 
Adaptation 
Costs 
(€ million) 

Adaptation Finance 
Justification 

infrastructure, including 
higher standard for the 
design and material used 
for proposed tourism 
infrastructure.  

waterfront platforms NMT, 
boat docking sites, and so 
on, which are built within 
the river embankment for 
sightseeing purposes.   

increased flood volume 
and scouring force. Build 
reliable power supply and 
internet connection to 
adapt increase sin 
extreme climate events for 
tourist centres and 
destinations.  Those will 
cost €16.26 million.  

Build additional capacity 
for stormwater pipelines 
and ditches, additional 
flood protection measures 
for sewage pipelines and 
treatment facilities, 
including appropriate site 
selection for manholes, 
and flood protection walls 
micro- sewage treatment 
facility, WWTPs, and 
pump stations 

Increases in rainfall 
intensity will exacerbate 
the water logging risks in 
both urban and rural 
project areas. This 
imposes serious risks to 
stormwater and sewage 
drainage network in both 
urban and rural project 
sites, and WWTPs and 
pump stations as well. 

6.95 
(ADB loan: 

2.65) 

Construct addition 
drainage capacity for 
37.59 km of stormwater 
drainage network, and 
choosing sites with less 
flood risks for sewage 
pipelines and build flood 
projection walls for 57 
sewage treatment facilities 
will cost €6.95 million. 

Developing ecological 
protection module in the 
Smart Li River System to 
provide with one-stop 
environmental database 
for monitoring to water 
quality, pollutants, waste 
management, forestry, 
soils, and river system, 
which will greatly improve 
the resilience of the Li 
River system. 

Increases in extreme 
rainfall events will cause 
deteriorated catchment 
environment, such as soil 
erosion, pollution to 
waterways, and 
exacerbate the flood risks. 

7.59 
(ADB loan: 

2.93) 

Construction of the 
proposed Smart Li River 
System will cost a total of 
€25.56 million. Ecological 
protection applications is 
one of the three modules 
of the system, and 30% of 
the system cost is 
accounted as adaptation 
finance.    

Adopting higher quality 
equipment for smart Li 
River system 

Increases in severity of 
extreme climate events 
may damage outdoor 
smart city equipment 

1.90 
(ADB loan: 

0.73) 

Adopting higher quality 
equipment for the Smart Li 
River System to adapt to 
severer extreme climate 
events will cost an extra of 
€1.90 million.  

Avoid cutting hills 
surrounding those villages 
and cleaning vegetations 
during the project 
implementation process 

Increases in intensity and 
frequency of severe 
rainfall events may cause 
increased landslide risks  

0.0 
 (ADB loan: 

0.0) 

It may not cost extra for 
avoiding cutting steep hills 
and cleaning native 
vegetation in the design of 
those ancient village 
protection works 

Capacity building for 
climate change adaptation 

Raise the adaptation 
capacity of government 
staff and community by 
training, public education 
programs and research 
activities throughout the 
project implementation 
process 

0.52(ADB 
loan: 0.52) 

€0.52 million will be used 
for capacity development 
related to climate change 

Total (Estimated Adaptation Cost) 
61.97 (ADB 
loan:24.25) 
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Table 25: Estimates of GHG Reduction and Mitigation Investment by the Project 

Mitigation Activity 

Estimated GHG 

Emissions Reduction 

(tCO2e/year)  

Estimated 

Mitigation 

Costs 

(€ million) 

Mitigation Finance 

Justification 

Non-motorised transport 13,481.20 21.89 (ADB 
loan:8.45) 

Accounted for 60% of the 

total cost for 64.40 km of 

non-motorised transport 

development 

Tree planting, green field 

development, and 

vegetation in wetlands 

and rain gardens 

617.84 38.06 (ADB 
loan:14.70) 

Accounted 100% of the 

total cost for 178.66 ha of 

tree planting and wetland 

development. 

Replacing diesel boats 

with electrical boats for 

tourist service on Li River 

96.36 
0.56  

(ADB Loan: 
0.22) 

Accounted 100% of the 

total cost for purchasing 20 

electrical tourist boats. 

 Total (Estimated Mitigation Cost) 60.52 (ADB 
loan:23.38) 

 

 


