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Executive Summary 

1. The expert assessed the climate change risks and vulnerability of the proposed: Air 
Quality Improvement in the Greater Beijing–Tianjin–Hebei—Shandong Clean Heating and 
Cooling Project and provides in this report recommendations on managing the climate risks during 
design, construction and operation of the project. Three sub-projects are included in this report.  

2. Primary climate risk and data analysis methodologies were identified and applied for first 
level climate change risks for three subproject locations. Historical daily meteorological 
observation and gridded data were obtained from the Chinese Meteorological Administration 
database. This data was used to create the official baseline dataset for the project. Climate 
change scenario data was obtained from the SimCLIM data library and is based on up to 40 
CMIP5 GCMs and 6 CORDEX RCMs. The climatic variables assessed are:  

• Monthly precipitation and temperature (maximum, mean and minimum) changes 
• Daily to subdaily extreme precipitation changes 
• Extreme maximum temperature changes 
• Drought duration and frequency change 
• Extreme wind speed and changes 
• Heating degree days and cooling degree days 

3. Climate projections for 2050 and 2100 for RCP2.6, RCP4.5 and RCP8.5 are examined 
while applying GCM/RCM ensemble median changes.   

4. Detailed data are shown in tabular format with separate chapters for potential subproject 
applications on a case-by-case basis. 

5. The climate of all the subproject sites are in a similar temperate monsoon climate zone on 
the Jiaozhou peninsula of China. The seasonality of temperature and precipitation is clear and 
could shift slowly with climate change.  Seasonal and annual temperature could increase more 
rapidly than global mean temperature, and annual mean precipitation is projected to increase over 
time. 

6. Extreme precipitation could increase more rapidly than mean precipitation which is the 
most noticeable changed parameter and could have potentially very significant impacts on the 
subprojects. Depth-Duration-Frequency (DDF) of extreme precipitation was analysed for each 
subproject location based on the closest historical time series weather observation station.    
Selected extreme precipitation values are listed, including 5, 50 and 100-year return intervals 
(ARI).  For validation the storm rain formulas for the closest city were collected and described.  

7. Extreme daily maximum temperature for all the subproject locations was projected to 
increase more rapidly than mean temperature change. Extreme temperatures for different ARIs, 
from 2 to 300 years are described. 

8. Drought probability was assessed for different severity and duration analysis using the 
Standard Precipitation Evapotranspiration Index (SPEI) method. The results indicate that even 
with a projected increase in annual precipitation, increasing temperatures could intensify 
evapotranspiration, thus the probability of drought severity and duration could increase under all 
the selected RCP scenarios. 



9. Historical and future extreme daily maximum wind speed was analysed using GEV 
methods. The 75th percentile of 22 GCM extreme wind speed change factors were applied to 
generate future scenarios. The results indicate the potential for an increase in extreme wind speed, 
even though mean wind speeds may decrease from the historical recorded speeds. 

10.  Historical and future scenarios of heating degree days and cooling degree days were 
calculated using a base temperature of 18oC. Heating degree days will decrease as temperatures 
increase significantly with time, while cooling degree days could double with as air temperatures 
increase.   

11. A cost benefit analysis was carried out based on the ADB guideline paper. Four adaptation 
options were identified, three benefit sensitivity levels were defined based on the extreme event 
change data generated for this report. The NPV were analysed for 20, 40, and 60-year project 
lifetimes, and three climate scenarios. Under the RCP2.6 scenario, with a lower benefit sensitivity 
level, NPV showed negative values in all three project lifetimes. Under the RCP8.5 scenario, with 
a high benefit sensitivity level, all NPV were positive. For different adaptation options, low cost 
options showed positive NPVs, while high cost adaption options would generate negative NPVs 
under RCP8.5 scenario. With longer project lifetimes the NPVs increased correspondingly. 

12. Other climate change risks which could not be analysed in detail in the report: frost and 
snow, fire, tornado, storm surge are listed. The risks posed by these variables acknowledged in 
the climate change adaptation process.     

13. Uncertainties and caveats exist in the CRVA process, from scenarios, GCM/RCM data, 
and observational data to methodologies of analysis. However, the climate change facts and 
physical laws support the overall results of an increasing trend in the frequency and magnitude of 
extreme events.   

14. Given the nature of the proposed subprojects, both physical climate change risks at site 
and company business risks were taken into consideration in a systematic manner. Physical 
climate change risk could be managed at a project level as this can take on a more comprehensive, 
complete life cycle approach from initial planning to shut down.  

15. Climate change adaptation measures should align with disaster risk reduction and 
environmental management planning. Compliance to climate change risk-related regulations and 
agreements need to be considered systematically. 

16. Detailed climate change risk adaptation options and recommendations for the selected 
climate variables are listed for each subproject location. Other potential risks which could not be 
included for detailed analysis are also listed for consideration, including, frost and snow, fire, hail 
for specific risk locations.  

 

 

  



 

 

Chapter One：Background, Data, and Methodologies 

1.1 Introduction 
1. The Climate Change Specialist was tasked to assess the climate change risks and 
vulnerability of three clean heating and cooling subprojects to accelerate air pollution abatement 
in Shandong Province. The heating and cooling projects proposed are innovative, as they will 
combine renewable energy technologies and waste heat recovered from industry and power 
plants to reduce the energy and carbon intensity of heat production and refrigeration, and thereby 
reduce air pollution and greenhouse gas emissions, as well as the heat island effect in urban 
areas. Figure 1.1 displays the three subproject locations. 

 

Figure 1.1: Subproject locations, meteorological stations applied in the analysis overlaying 
the historical annual precipitation for Jinan. 
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1.2 Main climate variables and scenarios considered   
2. As shown in figure 1.1 most of the project sites are inland. None of the sites are either 
adjacent or close to major rivers or low-lying flood prone environments, therefore riverine floods 
can also be excluded from the primary analysis. However, the following climate-related variables 
were deemed to pose risk and are analysed in detail: 

a. Monthly precipitation and temperature (maximum, mean and minimum) changes 
b. Daily to subdaily extreme precipitation change 
c. Extreme temperature changes 
d. Drought duration and frequency change 
e. Extreme wind speed and changes 
f. Heating degree days and cooling degree days 

3. Future years of analysis: 2050 and 2100, please refer to the reference report provided by 
the ADB. Scenarios included: RCPs 2.6, 4.5 and 8.5 

4. The high emission scenario (RCP8.5) was considered, since the potential climatic impacts 
to these projects, in terms of physical asset damage and climate-related operational disruption 
was considered a substantial risk factor. RCP4.5 is the medium level risk scenario. However, the 
RCP 4.5 option for analysis should be considered in the context that less GCM and RCM data is 
available for this RCP and, secondly if there is an overall risk aversion perspective being taken 
with this project that would obviate the need to include a lower GHG options like RCP 4.5. RCP2.6 
is the lowest emission scenario (Table 1.2). 

Table 1.2: Global mean temperature change for each selected scenario and time slice 
based on IPCC AR5 

Scenario Global mean  
temperature change  

Scenario Global mean 
temperature 
change  

RCP26_2050 0.90 RCP26_2100 0.90 
RCP45_2050 1.24 RCP45_2100 1.65 
RCP85_2050 1.71 RCP85_2100 4.09 

1.3 Climate Data 

1.3.1 Historical data  

5. Daily rainfall, temperature and maximum wind speed meteorological station historical 
observation data, and 0.5*0.5 degree gridded precipitation data were obtained from the Chinese 
Meteorological Administration (CMA) (http://data.cma.cn). All the records were cross checked 
with other international data sources to provide the best possible data for this study.  Other 
datasets were also checked to avoid potential data errors. 

(1) Daily precipitation, maximum and minimum temperature, and solar radiation data 
for SPEI calculations were applied. If local observation data was not adequate, 
other data sources were  applied, such as, the Global Meteorological Forcing 
Dataset for land surface modeling, 0.5 by 0.5 degree, from 1961-2012. For 
information access: http://hydrology.princeton.edu/data.php . 

http://hydrology.princeton.edu/data.php
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(2) Multi-Source Weighted-Ensemble Precipitation (MSWEP) three hourly data 
(https://ec.europa.eu/jrc/en/publication/mswep-3-hourly-025-global-gridded-
precipitation-1979-2014-merging-gauge-satellite-and-reanalysis), was applied for 
sub-daily extreme precipitation cross validation.  

1.3.2 Climate change scenario data  

6. The climate change data from CMIP5 GCM historical and RCP8.5 simulation original data 
was obtained from the Earth System Grid Federation (ESGF) Peer-to-Peer (P2P) enterprise 
system (https://esgf-node.llnl.gov/projects/esgf-llnl/). For more details on the applied GCMs 
please see the appendix. The following variables were applied in this study:  

(1) Monthly mean precipitation and temperature (mean, maximum, and minimum) 
data was extracted from 40 CMIP5 GCMs and 6 CORDEX RCMs monthly output 
for mean precipitation and temperature change analysis. 

(2) The 3 hourly precipitation outputs derived from 22 GCMs for sub-daily extreme 
precipitation analysis. 

(3) Daily maximum temperature data derived from 22 GCMs for extreme temperature 
change analysis.  

(4) Daily maximum wind speed data derived from 22 GCMs for extreme wind speed 
change analysis. 

1.4. Methodologies  

1.4.1 Monthly mean precipitation and temperature change analysis 

7. Monthly mean precipitation, temperature changes were calculated based on a pattern 
scaling approach. Pattern scaling techniques have been widely used to provide climate change 
projections for time periods and emission scenarios that have not been simulated by GCMs. The 
assumption underlying these methods is that the local response of a climate variable is linearly 
related to the global mean temperature change, with the geographical pattern of change 
independent of the forcing (Mitchell et al., 1999, and Mitchell, 2003). Thus the anomaly in variable 
V, for a particular grid-box (i), month or season (j), year or period (y), and forcing scenario (x) is 
given by: 

∆𝑉𝑉𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥 = ∆𝑇𝑇𝑥𝑥𝑥𝑥𝑉𝑉𝑥𝑥𝑥𝑥′  

where ΔT is the global mean temperature anomaly and V’ is the normalized local response 
patterns derived from GCM/RCM simulations. Climate change scenario data from the SimCLIM 
4.0 for Desktop software system data package was applied for this pattern scaling application 
based on monthly temperature and precipitation data. For details, please visit: 
http://documents.climsystems.com/SimCLIM%204.0/SimCLIM%204.0%20for%20Desktop%20D
ata%20Manual.pdf 

1.4.2 Extreme precipitation and depth duration frequency analysis 

8. Several components are included in this process as depicted in Figure 1.2: (1) Historical 
observation daily or subdaily extreme event analysis, and depth duration frequency (DDF) 
calculation; (2) GCM historical data extreme event analysis; (3) GCM scenarios extreme event 
analysis; (4) GCM extreme event DDF change factor analysis; and (5) Future DDF perturbation 
which is to add DDF change factors to observed historical DDF.  

https://ec.europa.eu/jrc/en/publication/mswep-3-hourly-025-global-gridded-precipitation-1979-2014-merging-gauge-satellite-and-reanalysis
https://ec.europa.eu/jrc/en/publication/mswep-3-hourly-025-global-gridded-precipitation-1979-2014-merging-gauge-satellite-and-reanalysis
https://esgf-node.llnl.gov/projects/esgf-llnl/
http://documents.climsystems.com/SimCLIM%204.0/SimCLIM%204.0%20for%20Desktop%20Data%20Manual.pdf
http://documents.climsystems.com/SimCLIM%204.0/SimCLIM%204.0%20for%20Desktop%20Data%20Manual.pdf
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Figure 1.2: Equidistance quantile-matching method for generating future DDF curves 
under climate change 

 

Historical Observation Depth Duration Frequency (DDF)  

9. Step 1: Derive the rainfall intensity time series of the different durations from historical 3 
hourly data time series. The durations include: 3, 6, 12, 24, 48, 72, 120, 144 and 168 hours, then 
select annual maxima series from the rainfall intensity series. Fit the annual maxima series for 
each duration to a group of probability distribution functions. Three distribution functions are 
tested, including: Generalized Logistic (GLO), Generalised Extreme Value (GEV), and Gumbel 
distribution.  Choose the method to deploy for distribution parameter estimation. 

10. Step 2: Assess their goodness of fit with the Anderson-Darling test to follow the method 
of Vegliote (2008). The Anderson-Darling test measures the extent of the departure, in terms of 
probabilities, between a simulated hypothetical distribution and the frequency distribution for 
consideration. If the estimated probability is greater than some defined significance level, the test 
fails. Explore which of the three distributions, provides the best fit. For the purpose of illustration, 
we continue with the presumption that GEV parameters are used for further analysis. 

11. Step 3: Calculate rainfall depths for the range of return periods (including 2, 3, 5, 10, 15, 
25, 50, 100, 200 and 300 year) for each storm duration using GEV distribution parameters 
obtained from Step 1. The values form the table of depth-duration-frequency (DDF). The intensity 
-duration-frequency (IDF) table is computed directly from the DDF table by simply dividing the 
rainfall depths by duration in hours. 

Future DDF calculation 

12. The impacts of climate change on historical DDF are evaluated based on climate model 
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data. In order to reduce uncertainty of climate change simulated by GCMs, the outputs of as many 
GCMs as possible should be used. According to the Fifth Assessment Report of IPCC (AR5), 
there are 42 GCM models developed by various research centres around the world. Currently, 
only 22 GCMs out of the 42 GCMs are validated because: i) Not all the GCMs generate selected 
RCPs for future climate scenarios (i.e., RCPs 2.6, 4.5 and 8.5); and ii) there are some technical 
issues related to downloading (such as connection to remote servers or repositories) for some 
GCM models.  

13. The basic procedure is to employ an equidistant quantile matching (EQM) method to 
update the DDF and IDF curves under changing climate conditions. 

14. Step 1: GCM 3 hourly output for each grid cell are analysed using extreme value analysis 
(EVA) to calculate extreme rainfall amounts for the current climate (called the baseline, 1986-
2005), and the future periods of interest (2050).  

15. Step 2: DDF change factors for the range of durations (3, 6, 12, 24, 48, and 72, 120, 144 
and 168 hours) and return years (2, 3, 5, 10, 15, 25, 50, 100, 200 and 300 year) for each GCM 
under RCP4.5 and RCP8.5 (or other RCPs) are calculated by applying a pattern scaling approach 
(Li and Ye, 2011).  

16. Step 3: Interpolate the global DDF change patterns into the same spatial resolutions (0.5o 
x 0.5o) to construct a global database. Furthermore, a super ensemble method can be applied to 
derive ensemble statistics at different percentiles (e.g., 25th and 75th percentile of the GCM 
ensemble), with both RCP4.5 and RCP8.5 change factors for all GCMs being applied equally 
without any weighting. 

17. Step 4: Perturb the historical estimated precipitation depth/intensity values of each 
duration and return period using the global DDF change factors for the studied area for the 
selected future time periods (e.g. 2050 RCP8.5). The global DDF changes show high variability 
around the world. There are also considerable differences among GCM members. To further 
reduce the impact of natural variability, change factors are applied that are averaged over the 
studied region.1  

18. This approach is applied to perturb the change in extreme event changes, which is crucial 
for storm water management. Sørup et al. (2017) applied a similar DDF perturbation method, 
which is a promising way of creating artificially perturbed precipitation time series that can 
represent a changed climate and be used as input in hydrologic and hydraulic models.  

Special considerations for short-duration extreme precipitation events 

19. In this study, only observed daily precipitation is reliable for extreme event analysis. Daily 
data are suitable for deriving extreme precipitation events for single day (24 hours) or consecutive 
days (e.g., 48 or 72 hours). However, it is not enough for some projects such as storm water 
design, which require short-duration (less than 24 hours, even less than 1 hour) events as inputs. 
Here some approaches have been used to take such issues into special considerations. 

20. The linearity of the moment from this study is also observed in others region of world. For 
example, Ghanmi (2014) in Tunisia (Northern of Africa) found that data from (Tunis) presented 
linearity, Ceresseti (2011) in France; Bara, et al. (2009) in Slovakia; Nhat (2006) in Japan, 
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Bougadis and Admowski (2006) in Canada have found linearity in similar studies. In this study, 
the log-log linear relationship for the calculation of subdaily precipitation intensity is applied. 

21. First, there is the need to create the empirical statistical relationships between 3-, 6-, 12-, 
18- and (24-hourly) extreme precipitation based on Multi-Source Weighted-Ensemble 
Precipitation data (MSWEP, 3 hourly, 0.25*0.25 latitude longitude degree spatial resolution, 1979-
2015) following the steps in section 5.1 and then apply them to scale the observations to get the 
extreme values for durations (3, 6, 12, 18 hours) under the specified return years (e.g., 2, 3, 5, 
10, 15, 25, 50, 100, 200 and 300 years). 

22. Secondly, fit the extreme precipitation at different durations and return years into IDF 
curves based on empirical mathematical relationship between the precipitation intensity (I), the 
duration (D), and the return period(T) (the annual frequency of exceedance, ARI), from which the 
extreme precipitation intensities can be read for other durations.  

1.4.3 SPEI based drought intensity and frequency analysis 

23. Historical and future drought intensity, frequency, and duration analysis was carried out 
using the Standard Precipitation Evapotranspiration Index (SPEI) output. SPEI is based upon 
precipitation and potential evapotranspiration data and has the capacity to include the effects of 
temperature variability in drought risk assessments. SPEI is based on a water balance; it can be 
compared to the self-calibrated Palmer Drought Severity Index (PDSI) developed by Vicente-
Serrano et al. (2010).The SPEI uses the daily or monthly (weekly) difference between 
precipitation and PET (Potential Evapotranspiration) which is a simple water balance 
methodology that is calculated at different time scales to obtain the SPEI. The results of an SPEI 
calculation are represented as positive (wetter than normal) and negative (drier than normal) 
conditions. Drought is a key concern of this analysis. An example of the SPEI number (0.0 to -
0.99) and their relationship with the severity of drought being modelled and the return period 
likelihood per 100 years are provided in Table 1.3. 

24. Daily precipitation, maximum and minimum temperature, solar radiation data for SPEI 
calculations were applied. If local observation data was not adequate, other data sources were 
applied, such as, the Global Meteorological Forcing Dataset for land surface modeling, 0.5 by 0.5 
degree, from 1961-2012. For information access: http://hydrology.princeton.edu/data.php. 

Table 1.3: Dry component of the SPEI and sample probability of recurrence in 
drought analysis 
SPEI Category # of times in 100 

yrs. 
Severity of event 

0 to -0.99  Mild dryness 33 1 in 3 yrs. 
-1.00 to-1.49 Moderate dryness 10 1 in 10 yrs. 
-1.5 to -1.99 Severe dryness 5 1 in 20 yrs. 
< -2.0 Extreme dryness 2.5 1 in 50 yrs. 

25. A change factor approach was applied for climate change projection of each variable of 
the future SPEI calculation, including the change factors of monthly precipitation, maximum and 
minimum temperature, and solar radiation derived from GCM data. For detailed information 
regarding pattern scaling and change factor methods and GCM information, please refer to the 
CLIMsystems data manual (http://climsystems.com/simclim/downloads). 

26. The overall change in the incidence of drought is described by the ‘percent of time in 

http://hydrology.princeton.edu/data.php
http://climsystems.com/simclim/downloads
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drought’. This is calculated by aggregating the durations for drought events in the moderate, 
severe and extreme categories during the time period of interest. Projections of drought in each 
category for drought duration and frequency were estimated according to the median of model 
ensemble projections for each scenario for the selected future period.  

1.4.4 Extreme temperature analysis  

27. Similar to the extreme precipitation approach, daily extreme maximum temperature 
analysis applied GEV analysis using the L-moments method (Hosking and Wallis, 2005). For each 
GCM, the daily maximum temperature change values were derived directly from the GCM data 
between 2050 and 2100 and 1986-2005. The 50th percentile of the GCM ensemble for maximum 
extreme value changes was applied. For extreme value analysis methodologies please refer to 
the GCM extreme precipitation analysis section of this report for more details. 

1.4.5 Extreme wind analysis  

28. No pattern scaling was applied for extreme wind speed change analysis. For each GCM, 
the wind speed change values were derived directly from the GCM data between 2071-2090 and 
1986-2005. The 75th percentile of the GCM ensemble for both wind speed extreme value changes 
was applied. For extreme value analysis methodologies please refer to the GCM extreme 
precipitation analysis section of this report for more details. 

1.4.5 Heating degree days and cooling degree days 

29. The base temperature for heating degree days (HDD) and cooling degree days (CDD) in 
this assessment is 18.0 oC. Daily mean temperature from observation stations were applied for 
HDD and CDD analysis. Monthly mean temperature change factors were applied for daily mean 
temperature change in different scenarios.  

1.5. Potential climate change risks and adaption options analysis 
methodology 
30. Given the nature of the proposed subprojects a systematic approach is taken to assess 
both physical climate risk at site and company business risk.  Physical climate change risk could 
be managed at a project level as this can take on a more comprehensive or complete life cycle 
approach that spans from initial planning to shut down. Companies with manufacturing facilities 
are increasingly recognising that they may face climate-related risks and these need to be 
considered in the context of value chains and external stakeholder risk.  

1.5.1 Production system life cycle climate risk management  

31. Production system planning is defined as a systematic, object-oriented process (Figure 
1.3). The production planning starts with the enterprise analysis and ends with business and its 
manufacturing sites being shut down, signaling the end of production. It is necessary to adapt and 
to tune the system toward a climate resilient production system. 

32. A first step is enterprise analysis, whereby the objectives in production system planning 
are deduced from the enterprise objectives and are specified according to the specific 
requirements of the production system. A project team would gather all the required information 
during the as-is-analysis and adapt the information for the subsequent phases, including 
meteorological and hydrological information. At the end of the first phase, the project is evaluated 
and the management makes the decision whether the production system planning will continue 
to implementation.  
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33. The general planning can be seen as the core task of the production system planning 
process. It starts with the physical location. After the structure planning and dimensioning, an 
ideal layout is prepared. Based on this ideal layout different layout variants are generated which 
are considered restrictions. Also the material flow and the material handling are planned. These 
variants need to be evaluated in consideration with potential climate risks.  

34. The best options will be brought to the next phase, detailed planning. Within the detailed 
planning, the selected variant is developed to a level of maturity for implementation. The result is 
a detailed description and visualization of all the elements of the production system.  

35. The subsequent phase is implementation and the results of previous phases are put into 
action for the first time. This phase also includes implementation controlling (monitoring, 
coordination and documentation of the realization process) and the production ramp up. The 
planning activities are performed as a team that is guided by project management methods.  

36. The operational phase has the longest duration of all life cycle segments. The task of the 
production system planner does not end with implementation because there are still smaller 
improvements to be made and steps or ramp ups to be undertaken as new products emerge. The 
task is to assure the capability and efficiency of the production system and proper climate risk 
management mechanisms.  

37. Tuning enables the provision of the facilities with the required resources at the designated 
place of installation and climate resilient measures need be taken. Adjustment is either the 
displacement or expansion of the production system.  

38. A shutdown of the production system is the end of a system’s life. The system either 
becomes industrial wasteland or it may be re-utilized or revitalized for future users’ needs. Due to 
revitalization, the planning process starts again. 

39. Climate change risk needs to be managed across all aspects of the life cycle of a project, 
from the location selection, design, construction, operation to closure (Table 1.4).  

Figure 1.3: A life cycle climate-resilient production system
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Table 1.4: Potential climate risks and adaptation options related to a subproject’s 
life cycle 

Project Phase Climate Risks Adaptation Options 
General Planning • Long term slow 

onset changes in 
temperature and 
precipitation and 
its seasonality 
and variabilities. 

• Damages caused 
by extreme 
precipitation, 
flash flood or 
water logging. 

• Drought cause 
operational 
disturbance. 

• Extreme 
temperature 
caused human 
health impacts 
and operational 
difficulties. 

• Extreme wind 
causes damage 
and operational 
faults. 

• Catastrophic 
climate-related 
unavoidable 
disasters  

• Damage of water 
management 
systems 

• Extreme weather 
causes chemical 
pollution 

• Extreme heat and 
wind, drought 
caused fire 
damage 

• Power outrage 
• Transportation 

interruption  
 

 
• Climate risk 

consciousness  
Awareness raising and capacity building 

• Location selection Avoid flood prone area 
• Production system 

layout 
Avoid water logging 

• Material flow, transport  Climate resilient road infrastructure 
• Supply chain analysis Evaluate the full supply chain climate risk 
• Climate change 

adaptation cost  
Cost benefit analysis: short term cost 
and long-term benefit 

• Adaptation plan Dedicated climate change adaptation 
action plan where it is deemed 
necessary 

Detailed design  
• Infrastructure design Climate resilient design: take climate 

change parameter into the infrastructure 
design process  

• Building code Building code adjustment with related 
stakeholders and authorities  

• Warehouse and 
transport 

Placement and arrangement considering 
climate risks 

Implementation  
• Building site 

management 
Climate risk control mechanisms  

• Construction 
engineering 

Climate hardened construction materials 
and disaster prevention hardware 

• Monitoring and 
evaluation 

Ensure all the policy and code is being 
followed 

• Emergency 
management  

Climate disaster emergency response 
mechanism and relief measures 

Operation  
• Safety and health  Following national safety and health 

code in consideration of climate risks 
• Water supply Climate resilient water supply 

management and preparedness 
• Energy supply Alternative energy supply system 
• Production system 

condition 
Closely monitoring production system, 
emergency response procedures 

Shutdown  
Industrial waste land  Waste land management plan 
Reutilization and 
Revitalization 

Start from a new planning process with 
climate change risk considered 
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1.5.2 Company value-chain and external-stakeholder climate risks governance 

40. Given the upward trend in global and national climate change governance and actions, 
companies that ignore climate-related risks are likely to incur increased climate-related costs over 
time compared to those that integrate climate risk in planning and construction of projects (Figure 
1.4). Those that identify the most pertinent risks, are better placed to put in place appropriate 
measures to mitigate them and can begin to manage emerging challenges (Table 1.5). Such 
companies will not only put themselves in a position to ride out the storm; they could grasp new 
opportunities. 

 

Figure 1.4: Company value-chain and external-stakeholder climate risk governance

 

Table 1.5: Company value-chain and external-stakeholder climate risks  
and potential adaptation options 
Value chain climate risks 
 Risk Description  Adaptation and mitigation options 
Physical 
risks  

Related to damage inflicted on 
infrastructure and other assets, such as 
energy generation and distribution 
networks, factories and supply-chain 
operations, by the increased frequency 
and intensity of extreme weather 
events, such as extreme heat events, 
floods, and wind storms. 
 

Companies can take adaptive 
measures to prepare for the changes 
that could occur in years and decades 
to come. A variety of mitigating risk 
processes, technical standards, and 
capability building. In the long term, 
risk management could call for 
changes to supply chains (to build in 
geographic variability or redundancy), 
including moving away from suppliers 
and/or locations that are highly 
exposed. 

Price risks Refer to the increased price volatility of 
raw materials and other commodities. 
Drought can raise the price of water; 
climate-related regulation can drive up 
the cost of energy.  
 

Companies could cope with climate 
change related price uncertainty 
around inputs to production, energy, 
transport, and insurance. 

Product 
risks 

Refers to core products becoming 
unpopular or even unsellable. Effects 
could range from losing a little market 

Design to sustainability approach, in 
which new products are designed to 
minimize waste and to be broken down 
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share to going under entirely. 
Regulatory and production costs could 
raise the price of coal in some markets 
above that of lower-carbon competition. 

for reuse or recycling. Redefine 
corporate strategy to align business 
interests with climate-change 
mitigation and adaptation.  

External-stakeholder risks 
Ratings 
risk  

Ratings risk is the possibility of higher 
costs of capital because of climate-
related exposure such as carbon 
pricing, supply-chain disruption, or 
product obsolescence.  

While the ratings risk varies widely 
between and within industries, even 
companies with carbon-intensive 
activities can start to manage it. 
Already, more than 4,000 
organizations are reporting their 
exposure to the CDP (Carbon 
Disclosure Project), as the first step in 
dealing with the issue. A number of oil 
majors use an internal carbon price to 
guide some of their strategic 
decisions. 

Regulation 
risk 

Refers to government action prompted 
by climate change. This can take many 
forms, including rules and standards 
that add costs or impede specific 
business activities, subsidies in support 
of a competitor, or withdrawal of 
subsidies. In many industries, 
government plays a crucial role in 
setting the rules of the game; with 
climate change in mind, many of those 
rules and standards are changing. 

Take the initiative in managing 
regulation risk. The first step in 
preparing for and helping to shape 
future regulation is to understand the 
policy options. The second step is to 
develop an internal strategy on climate 
change to put the company in a 
position to react effectively to 
regulations and policy changes. The 
final step is to work with external 
stakeholders, such as regulators and 
industry groups, to get their 
perspectives. 

Reputation 
risk 

In the climate-change context, 
reputation risk can be understood as 
the probability of profitability loss 
following a business’s activities or 
positions that the public considers 
harmful. A poor reputation on climate 
can hurt sales through consumer 
boycotts or local community protests. It 
could damage the regulatory 
environment and investor relationships. 
And it could make the company less 
attractive to current or future 
employees. 

In response, some companies have 
taken very public steps to adopt 
climate-change strategies, including: 
improving carbon efficiency, reducing 
emission, setting standards, climate 
change adaptation and mitigation 
action plan, and developing climate 
friendly new products.  

1.5.3 Compliance of climate change related standards and regulations 

41. In the whole process of the project, there is a need to take initiatives to manage regulatory 
risk and compliance with climate-related standards and regulations. The first step in preparing for 
and helping to shape future regulation is to understand the policy options. The second step is to 
develop an internal strategy on climate change to put the city/developer in a position to react 
effectively to regulations and policy changes. The final step is to work with external stakeholders, 
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such as regulators and industry groups, to get their perspectives. 

42. In China climate related national standards, regulations, and plans can include: 

• "Meteorological Disaster Prevention Regulations"; 
• "National Meteorological Disaster Contingency Plan"; 
• "Urban Waterlogging Prevention and Control Planning Standards";  
• "Urban Hydrological Monitoring and Analysis of Technical Guidelines"; 
• "Climate Change Urban Action Program” 

43. Related international standards and guidelines include: 

• "ISO 31000 Risk Management"; 
• "ISO 22301-2012 Social security - Business continuity management systems - 

Requirements" 
• "Paris Agreement Paris Agreement" 
• "ISO / CD 3 14090 Adaptation to climate change - Principles, Requirements and 

Guidelines" 

1.5.4 Integrated disaster, climate change and environmental risk management planning 
and operational mechanisms 

44. It is important that climate change risks are addressed in line with environment impact 
assessments (EIA), or Initial Environmental Evaluations (IEE) and Disaster Management Plans 
(DMP). The harmonization between project level Environment Management Plans (EMP), and 
Disaster Risk Reduction Plans (DRRP), with the climate change adaptation plans (CCAP), at the 
regional and project site level would provide an effective and efficient system solution. Institutional 
coordination and cost sharing become key considerations in the implementation of the climate 
change related recommendations. Involvement of stakeholders is necessary to appreciate the 
concerns raised in the context of climate change, especially its economic, social and 
environmental implications.  

45. Climate change risk considerations in EIA typically result into mitigation and adaptation 
plans. The adaptation plans need to be developed at regional level, often beyond the boundaries 
of an individual project. For designing and implementing adaptation related plans, a simultaneous 
consideration to multiple projects is required to assess the cumulative impacts over the region.  

46. The mitigation plans on the other hand are generally project-limited and influence the 
project design and operations. Here aspects such as energy mix, water use and conservation, 
disruption to urban mobility during the construction phase and risks from events precluding 
delivery of heating and cooling services need to be examined. Many of these aspects get 
addressed in the preparation of an Environmental Management Plan (EMP).  

47. To address abnormal and emergent situations, the EMPs need to be accompanied by the 
DMP. Once climate change considerations are included, adaptation and mitigation elements get 
factored and the DMP assumes a form of a DRRP. This DRRP needs to address both onsite and 
offsite risks. Management of onsite risks become a part of the Project EIA while the management 
of offsite risks need to be integrated with regional DRRP. Both EMP and DRRP need to abide by 
the framework of the SEA with clear institutional and cost sharing arrangements. Again, DRRP 
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needs to be "synchronized" with the climate change adaptation-related plans at the regional level 
- especially on matters related to policy, plans and supporting commonly shared infrastructure 
(Table 1.6).  

Table 1.6 Integrated disaster, climate change and environmental risk management 

Integrated disaster, climate change and environmental risk management 
Climate Related Environmental 
Risks  

Adaptation and mitigation options 

Damages inflicted on lifeline 
infrastructure such as energy delivery 
assets (biomass and geothermal 
generation, pipe distribution systems, 
power lines/power 
pylons/transformers); water and 
waste water treatment and articulation 
systems. 

Consider ‘worst case’ scenarios that can occur 
because of an extreme weather event or a conflation 
of events such as an extreme rainfall event that is 
accompanied by lightning strikes that disrupt main 
power supplies yet restrict access to damaged power 
lines and pylons owing to a flood event.  
A secondary power supply should be considered so 
as to either permit the orderly shutdown of industrial 
processes or be deemed capable of maintaining 
production systems until main supplies are restored. 

Damage to road/rail/port infrastructure 
can lead to abrupt changes in plant 
operational capacity and induce 
emergency shutdowns and restarts 
with potential environmental 
implications with the disorderly 
emission of industrial chemicals into 
drains and waterways or the 
atmosphere.  

Companies and energy suppliers should have 
emergency back-up systems that with a disruption to 
main supplies can be quickly and effectively 
integrated in the manufacturing/energy delivery 
process so as to avoid emergency dumping of 
chemicals and other industrial waste products or 
spike in health risks to the population from a lack of 
heating and cooling delivery services.  
 

Manufacturing and specifically 
processes that involve water, 
chemicals and production processes 
that are reliant on treated water 
(sediment free) pumps and electrically 
driven componentry are at risk from 
disruption to energy and water 
supplies from extreme events. 

Companies and energy suppliers can take steps to 
prepare for such risks when designing new plants or 
retrofit existing facilities to account for the new climate 
change-related risk profile. Systems for alerting local 
residents of emergency dumping of industrial and 
potentially hazardous wastes into the environment 
should be designed and tested. Similarly, water 
supplies can be restricted owing to high sediment 
loads from surface supplies limiting treatment plant 
capacity. Damage to physical energy generation 
assets and distribution systems can lead to stress for 
the industry and residents. 

1.5.5 Detailed climate change adaptation options for different risks 

48. This project addressed climate risk and adaptation for a specific set of climate variables: 
monthly precipitation and temperature (maximum, mean and minimum) changes; daily to subdaily 
extreme precipitation change; drought duration and frequency change; extreme temperature 
changes; and extreme wind speed and changes. These five climate attributes were considered 
to be potentially the most impactful in this region of China for the energy development activities 
considered. However, this list is not comprehensive. There is additional risk posed by: frost and 
snow events, hail, tornado, and lightning and fire. Each climatic variable has a range of potential 
impacts with some being common across most industrial activities and other pose specific or 
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heightened risk for specific industrial processes (Table 1.7). For example, lightning may pose a 
specific and potentially catastrophic risk for the biomass and geothermal and pumping facilities in 
this report but be of lesser concern for piped energy distribution infrastructure. 

Table 1.7 Climate change adaptation options for different risks 

Climate change adaptation options for different risks 
Risk 
Description  

Adaptation and mitigation options 

Changes in 
mean monthly 
rainfall and 
temperature 

Seasonal shifts in length of the summer season and impacts on 
productivity and costs for cooling and overall changes in industrial 
processes that may be affected by changes in temperature, humidity and 
precipitation 

Extreme rainfall Drainage system design for future rainfall risk potential 
Roof and other infrastructure design to manage short duration extreme 
rainfall events (gutter and downspout sizes) 
Offsite risks managed through bunds and drainage of property 
Fouling of water supplies with high sediment loads compromising 
treatment plant capacity requiring changes to treatment plant technology 
to manage sediment and other contamination risks 

Extreme heat Cooling technology considered in the context of geothermal and biomass 
plant operation, machinery efficiency and loss of horsepower for pumps 
and other electrical motors 
Changes in chemical industrial processes owing to extreme daily and 
multiday heat events 
Worker safety from heat stroke and changes in productivity and 
consideration of work schedules 

Extreme wind Building design standards and roof profiles also can relate to snow 
loading and hail loading if roof designs and drainage is substandard for 
managing the risk of additional loading from extreme events 
Site development with wind defectors, natural vegetation/wind breaks 

Drought Water supply risk either on-site or articulated supply from off-site, 
possible on-site roof water capture and on-site grey water use/reuse and 
treatment 
Changes in foundations and other ground penetrating infrastructure such 
as pylons as a result of soil shrinkage in drought events, consider 
foundation soil wetting technologies 

Frost and snow Disruption to supply lines and distribution lines will require equipment for 
clearing and warehousing snow to limit disruption 
Damage to above ground and underground water systems from freezing 
pipes 

Fire Off-site risk to assets from fires in surrounding environments coming on-
site or from distant sources of wind-blown embers 
Linked with drought and risk from extreme heat 

Hail Physical damage to buildings and assets such as cars from hail stones 
Roof collapse from blocking of gutters and downspouts from large hail 
events that lead to water pooling and stressing the roof 

Tornado Physical damage to buildings and assets 
Lightning Damage to electrical equipment from either direct strikes or through 

power surges 
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Fire risk and such risk heightened for some industrial processes that 
involve flammable materials and gasses 

1.6 Adaptation option economic analysis 

49. The basic purpose of undertaking the cost–benefit analysis of an investment project is to 
provide information to decision makers as to the contribution of the project to society’s welfare. 
The analysis provides a means to systematically identify, quantify, and wherever possible value 
all impacts of the project, including (where relevant) its environmental impacts, even in 
circumstances when these impacts occur over long time horizons. 

50. The role of the economic analysis is to support decision making as it provides information 
pertaining to the economic efficiency of investment projects, including the economic efficiency of 
climate-proofing investment projects. The economic analysis is not a substitute but an input to 
decision making. 

51. In the context of a detailed climate risk and vulnerability assessment, the economic 
analysis of climate proofing investment projects is to provide information to the decision maker on 
the economics of climate-proofing projects. It involves the following key steps: 

• assessing the physical impacts of climate change on the project’s capacity to 
deliver services as originally intended—a task requiring expertise of a nature other 
than economics; 

• transforming the identified physical impacts of the climate change into cost of 
climate 
change (which may result from an increase in project costs and/or reduction in 
project 
benefits);  

• assessing the technical feasibility of alternative project design(s) or measures 
aimed at 
offsetting the identified adverse impacts—another task requiring expertise of a 
nature 
other than economics; 

• estimating the incremental costs of these alternative design(s);  
• for each technically feasible climate-proofing measure, comparing the estimated 

incremental cost of the measure with the expected benefits of the climate-proofing 
investment; and  

• calculating the (expected) net present value of each climate-proofing measure, and 
making a recommendation. 

52. Net present value is calculated applying following equation: 

𝑁𝑁𝑁𝑁𝑉𝑉 = �
𝐵𝐵𝑡𝑡 − 𝐶𝐶𝑡𝑡
(1 + 𝑟𝑟)𝑡𝑡

𝑇𝑇

𝑡𝑡=0

 

Where 𝐵𝐵𝑡𝑡and 𝐶𝐶𝑡𝑡are respectively, the expected benefit and cost of the project in year t; r is the 
required discount rate, T is the last year of the time horizon over which the analysis is conducted. 
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In this analysis the discount rate was set to 12%, as per the guidance document published by the 
ADB (2015).   

53. For all projects with a NPV greater than zero, they are deemed as economically viable 
and hence are accepted for implementation as they generate more benefits than costs. 
Consequently, any adaptation measure with NPV greater than zero imply that the cost of their 
implementation is less than the avoided cost of climate change (benefits).   

54. In this context, a climate-proofing option is defined as an activity aimed at increasing 
the resilience of the project to climate risk. In economic terms, it is defined as an activity that 
directly aims at increasing the net present value of the project in the presence of 
climate change. 

55. It is important to note that climate-proofing must imply the consideration of modifications 
to a project design, such consideration being justified because of projected climate change. As 
such, climate-proofing must imply a positive incremental cost to any given project design (for if a 
modified “climate-proofed” project design were to cost less than its “nonclimate-proofed” original 
design and yet deliver the same or higher total benefits, then the “climate-proofed” design should 
have been preferred in the first place, and thus cannot be considered a response to climate 
change). 
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Chapter Two: Subproject 1: East Jinan Low-Emission Combined 
District Heating and Cooling Project 
 

2.1 Project introduction 
56. East Jinan Low-Emission Combined District Heating and Cooling Project. This subproject 
utilizes long-distance pipelines to transmit hot water recovered from the waste heat of a thermal 
power plant to provide heating and cooling services to eastern Jinan City. The subproject is 
innovative as the long-distance pipe network will be the first of its kind in the province to provide 
heating and cooling services. The network will use “large temperature gradient” transmission 
technology, to increase capacity and efficiency of the district heating system. The pipes will 
transport waste heat from a thermal power plant, and cold water using a steam absorption 
refrigeration unit located within that plant. The subproject will also utilize ice-storage technology 
that uses off-peak electricity at night to provide refrigeration services during the day. These 
innovations will reduce peak load by using other sources of cooling and refrigeration to replace 
usage of electrical appliances. In turn, this reduces the need to use expensive peaking power. In 
addition, the heating component of the subproject will reduce coal combustion for urban heating, 
contributing to better air quality in Jinan City.  

2.2 Slow onset monthly and annual mean precipitation and temperature 
change 

57. Precipitation is projected to increase in all season using the median values of 46 
GCM/RCM change patterns (Table 2.1). The annual precipitation in Jinan, Shandong could 
increase from 615.1mm of historical average to 684.0mm under the RCP8.5 2050 projection, and 
then further increases to 779.9 mm under the RCP8.5 scenario by 2100. Large uncertainties exist 
in all the projections.  

58. Mean temperature could increase from 14.61oC to 16.72oC under the RCP8.5 2050 
scenario, and increase to 19.65oC under the RCP8.5 2100 scenario. Maximum and minimum 
temperatures have similar increasing trends. 

Table 2.1: Seasonal and annual precipitation and temperature changes in East Jinan City, 
Shandong under different scenarios. 

East Jinan City, Shandong, mean precipitation and temperature 
 
 

Baseline RCP26 
2050 

RCP45 
2050 

RCP85 
2050 

RCP26 
2100 

RCP45 
2100 

RCP85 
2100 

Precipitation (mm) 
MAM 69.00 74.32 76.34 79.12 74.32 78.76 93.20 
JJA 423.10 448.24 457.74 470.87 448.24 469.19 537.35 
SON 100.00 103.53 104.87 106.72 103.53 106.48 116.06 
DJF 23.00 25.26 26.12 27.30 25.26 27.15 33.29 
ANN 615.10 651.36 665.06 684.00 651.36 681.58 779.90 
Mean temperature (oC) 
MAM 15.23 16.25 16.64 17.17 16.25 17.10 19.87 
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JJA 27.17 28.23 28.63 29.19 28.23 29.12 32.00 
SON 15.47 16.60 17.03 17.63 16.60 17.55 20.63 
DJF 0.57 1.78 2.24 2.88 1.78 2.79 6.09 
ANN 14.61 15.72 16.14 16.72 15.72 16.64 19.65 
Maximum Temperature (oC) 
MAM 21.17 22.22 22.62 23.18 22.22 23.11 25.97 
JJA 32.27 33.33 33.73 34.29 33.33 34.22 37.10 
SON 20.87 22.00 22.42 23.01 22.00 22.94 26.00 
DJF 5.20 6.49 6.97 7.65 6.49 7.56 11.05 
ANN 19.88 21.01 21.44 22.03 21.01 21.95 25.03 
Minimum Temperature (oC) 
MAM 9.40 10.38 10.75 11.27 10.38 11.20 13.86 
JJA 22.17 23.26 23.67 24.24 23.26 24.16 27.12 
SON 10.13 11.27 11.69 12.29 11.27 12.21 15.28 
DJF -4.07 -2.84 -2.37 -1.73 -2.84 -1.81 1.52 
ANN 9.41 10.52 10.94 11.51 10.52 11.44 14.44 

 

2.3 Extreme precipitation analysis for East Jinan City, Shandong 

59. Extreme precipitation is one the major risks for the project. For example, the 100 year 
return 24-hour precipitation amount for the baseline period is 250.3 mm, which is close to half of 
the average annual precipitation. Climate change could intensify the extreme precipitation in all 
durations and return intervals. Under RCP8.5 2050, the 100 year return 24h could increase to 
282.6 mm, then increase to 327.5 mm in 2100. Data for different duration and ARIs is listed in 
Table 2.2.  

60. For extreme precipitation change projected by GCM data, longer durations have smaller 
changes, and shorter return intervals have larger changes, which has a physical basis.  

Table 2.2: Historical baseline ARI 5, 50 and 100 extreme precipitation and changes in 
different climate change scenarios for East Jinan City, Shandong 

East Jinan City, Shandong, Extreme precipitation based on station observation data  
Precipitation depth (mm) and duration (minutes) 
Scenario 30 60 180 360 720 1080 1440 2880 4320 
ARI 5           
Baseline 27.6 35.1 51.6 65.8 83.8 96.6 106.9 136.2 157.0 
RCP26_2050 28.8 36.7 54.0 68.7 87.3 100.7 111.0 141.3 162.8 
RCP45_2050 29.3 37.3 54.8 69.7 88.7 102.2 112.5 143.2 165.0 
RCP85_2050 30.0 38.2 56.1 71.2 90.5 104.3 114.7 145.9 168.0 
RCP26_2100 28.8 36.7 54.0 68.7 87.3 100.7 111.0 141.3 162.8 
RCP45_2100 29.9 38.1 55.9 71.1 90.2 104.0 114.4 145.5 167.7 
RCP85_2100 33.3 42.4 62.3 78.8 99.7 114.9 125.6 159.3 183.4 
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2.4 Extreme maximum temperature 
61. Extreme high temperature in East Jinan City, Shandong could increase faster than mean 
temperature. For example, historical 100-year ARI maximum temperature is 42.9oC, even with 
RCP2.6 2050, the extreme temperature could reach 44.2oC, and under the RCP8.5 2100 scenario, 
the 100-year return value could be 48.5oC (Table 2.3). 

Table 2.3: Extreme high temperature in East Jinan City, Shandong 

East Jinan City, Shandong, Extreme maximum temperature 
ARI Baseline RCP26 

2050 
RCP45 
2050 

RCP85 
2050 

RCP26 
2100 

RCP45 
2100 

RCP85 
2100 

2 38.1 39.8 39.8 40.8 39.3 40.9 44.3 
3 38.8 40.1 40.6 41.5 40.0 41.5 44.9 
5 39.5 40.3 41.3 42.0 40.8 42.0 45.5 
10 40.3 41.0 42.2 43.2 41.7 42.9 46.2 
15 40.8 41.6 42.7 43.7 42.3 43.5 46.5 
20 41.2 42.0 43.0 44.1 42.6 43.9 46.8 
25 41.4 42.3 43.2 44.2 42.9 44.2 47.0 
30 41.6 42.6 43.4 44.3 43.2 44.3 47.1 
40 41.9 43.0 43.7 44.6 43.5 44.7 47.5 
50 42.2 43.3 43.9 44.7 43.8 45.0 47.8 
100 42.9 44.2 44.7 45.4 44.7 45.9 48.5 
150 43.4 44.8 45.1 45.9 45.2 46.3 49.1 
200 43.7 45.2 45.5 46.3 45.6 46.6 49.3 
300 44.1 45.7 46.0 46.7 46.1 47.2 49.7 

ARI 50          
Baseline 54.2 69.0 101.4 129.2 164.7 189.8 209.9 267.6 308.4 
RCP26_2050 57.9 73.7 108.3 137.7 175.0 201.6 222.6 283.0 326.1 
RCP45_2050 59.3 75.5 110.9 140.8 178.8 206.1 227.3 288.8 332.8 
RCP85_2050 61.2 78.0 114.5 145.2 184.2 212.2 233.9 296.8 342.0 
RCP26_2100 57.9 73.7 108.3 137.7 175.0 201.6 222.6 283.0 326.1 
RCP45_2100 60.9 77.7 114.1 144.7 183.5 211.5 233.1 295.8 340.8 
RCP85_2100 71.0 90.4 132.8 167.5 211.2 243.4 267.3 337.4 388.8 
ARI 100          
Baseline 64.6 82.3 120.9 154.1 196.4 226.3 250.3 319.0 367.6 
RCP26_2050 69.5 88.5 130.1 165.2 210.0 242.0 267.3 339.7 391.6 
RCP45_2050 71.3 90.9 133.5 169.4 215.1 247.9 273.7 347.6 400.6 
RCP85_2050 73.9 94.2 138.3 175.3 222.2 256.1 282.6 358.4 413.1 
RCP26_2100 69.5 88.5 130.1 165.2 210.0 242.0 267.3 339.7 391.6 
RCP45_2100 73.6 93.7 137.7 174.5 221.3 255.0 281.4 357.0 411.5 
RCP85_2100 86.8 110.7 162.6 204.8 258.1 297.5 327.5 413.3 476.4 
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2.5 Drought 
62. Drought is a significant risk in East Jinan City, Shandong. The analysis and historic 
drought severity and frequency and future potential drought severity and frequency is presented 
in Table 2.4. The frequency values need to be interpreted as how many years in 100 years; or 
the likelihood of drought (moderate, severe, extreme) to occur. For this case, drought values 
expressed in the table only represents precipitation-evapotranspiration anomalies. This will not 
necessarily relate perfectly with an agricultural or soil drought. Under all climate change scenarios, 
drought probability and severity show an increasing trend. Severe and extreme drought could 
increase, especially under RCP8.5 2100.  

Table 2.4: Historical and future drought duration frequency for East Jinan City, Shandong, 
based on SPEI and GCM/RCM ensemble precipitation and temperature changes 

East Jinan City, Shandong 
 Drought probability (%) and duration (month) 
 Severity  1 month 2 month  3 month 4 month 5 month 6 month 7month 
Baseline Moderate  90.6 45.3 30.2 22.7 18.1 15.1 13.0 
RCP26_2050 Moderate 100.0 64.1 42.7 32.0 25.6 21.4 18.3 
RCP45_2050 Moderate  100.0 76.6 51.0 38.3 30.6 25.5 21.9 
RCP85_2050 Moderate  100.0 89.1 59.4 44.5 35.6 29.7 25.5 
RCP26_2100 Moderate  100.0 64.1 42.7 32.0 25.6 21.4 18.3 
RCP45_2100 Moderate  100.0 85.9 57.3 43.0 34.4 28.7 24.6 
RCP85_2100 Moderate  100.0 100.0 100.0 80.5 64.4 53.7 46.0 
         
Baseline Severe 31.3 15.6 10.4 7.8 6.3 5.2 4.5 
RCP26_2050 Severe 65.6 32.8 21.9 16.4 13.1 10.9 9.4 
RCP45_2050 Severe 78.1 39.1 26.0 19.5 15.6 13.0 11.2 
RCP85_2050 Severe 96.9 48.4 32.3 24.2 19.4 16.2 13.8 
RCP26_2100 Severe 65.6 32.8 21.9 16.4 13.1 10.9 9.4 
RCP45_2100 Severe 93.8 46.9 31.3 23.4 18.8 15.6 13.4 
RCP85_2100 Severe 100.0 100.0 71.9 53.9 43.1 35.9 30.8 
         
Baseline Extreme 15.6 7.8 5.2 3.9 3.1 2.6 2.2 
RCP26_2050 Extreme 21.9 10.9 7.3 5.5 4.4 3.7 3.1 
RCP45_2050 Extreme 28.1 14.1 9.4 7.0 5.6 4.7 4.0 
RCP85_2050 Extreme 43.8 21.9 14.6 10.9 8.8 7.3 6.3 
RCP26_2100 Extreme 21.9 10.9 7.3 5.5 4.4 3.7 3.1 
RCP45_2100 Extreme 43.8 21.9 14.6 10.9 8.8 7.3 6.3 
RCP85_2100 Extreme 100.0 64.1 42.7 32.0 25.6 21.4 18.3 

2.6 Extreme wind speed change 
63. 100 year return extreme maximum wind speed in East Jinan City, Shandong can reach 
23.6 m/s or 85.0 km/h (Table 2.5). High wind speed can cause infrastructure and operational 
issues for the project. Extreme wind speed is projected to increase, while the mean wind speed 
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could decrease. For example, the 100 year return extreme wind speed could increase to 24.9 m/s 
or 89.6 km/h in 2050 RCP8.5.    

Table 2.5: Extreme maximum wind speed in East Jinan City, Shandong 

East Jinan City, Shandong 
 Extreme wind speed (m/s) 
ARI Baseline RCP26 

2050 
RCP45 
2050 

RCP85 
2050 

RCP26 
2100 

RCP45 
2100 

RCP85 
2100 

2 17.8 18.1 16.6 16.5 16.5 16.0 17.8 
3 18.6 18.9 17.7 17.6 17.7 17.1 18.6 
5 19.5 19.8 18.9 18.8 18.8 18.3 19.5 
10 20.4 20.7 20.4 20.3 20.3 19.9 20.4 
50 22.5 22.8 23.7 23.6 23.4 23.3 22.5 
100 23.6 23.9 25.0 24.9 24.7 24.7 23.6 

 

2.7 Heating degree days and cooling degree days 
64. The HDD in baseline period for East Jinan 2433.8, it could decrease with the increase of 
temperature, such as under the 2050 RCP8.5 scenario, the HDD could decrease 36.8%. 
Meanwhile, CDD increases dramatically with temperature increase, such as under 2050 RCP8.5 
scenario, the CDD will increase from 1091.5 to 1928.7, which is a 76.7% increase. In 2100 
RCP8.5, the CDD could increase 247.8%. 

Table 2.6 Heating degree days and cooling degree days changes in East Jinan 

 Baseline RCP26 
2050 

RCP45 
2050 

RCP85 
2050 

RCP26 
2100 

RCP45 
2100 

RCP85 
2100 

HDD 2433.8 2206.6 1911.9 1538.1 1355.4 1043.8 416.9 
HDD 
change % 0.0 -9.3 -21.4 -36.8 -44.3 -57.1 -82.9 
CDD 1091.5 1269.4 1532.8 1928.7 2150.9 2582.0 3796.0 
CDD 
change % 0.0 16.3 40.4 76.7 97.1 136.6 247.8 

 

2.8 Adaptation option and recommendations 
65. Overall risk governance and management 

• Compliance to relevant local, national and international risk management laws and 
regulations in consideration of climate change risk management. 

• Implementation and enforcement of building codes, zoning laws, and setbacks.  
• Incorporation of climate change concerns into environmental impact assessments 

of new infrastructure planning and investment. 
• Climate-proof existing and new infrastructure against climate change risks. 

66. Integration of disaster risk management  
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• Integration of risk reduction principles into environmental permitting; integration of 
disaster risk management with climate change adaptation strategies to reduce 
exposure to floods and other climatic extreme events. 

• Drought, flood, extreme weather early warning systems; awareness and capacity 
building programs. 

• Improvement of disaster preparation and planning; training disaster staff and 
volunteers; applying traditional knowledge to risk reduction strategies. 

 
67. Climate change adaptation in relation with environmental impacts identified by IEE  

1. Environmental impacts could be changed by climate change; positive impact could 
be decreased, while negative impact could be exacerbated by extreme weather, 
and long-term climate change trends. The following points could be considered 
(Table 2.6).  

2. Climate change caused extreme events could exaggerate the environmental 
impacts during pre-construction, construction, and the operation phases were 
each is considered separately. The IEE results of the assessment indicate that 
during the preconstruction phase environmental issues are very limited. However, 
these impacts need to be considered in association with ensuring appropriate 
incorporation of mitigation measures into the subproject design.  

3. Potential negative environmental impacts during the construction phase are short-
term and localized, and are associated with soil erosion, construction noise, 
fugitive dust, disruption of traffic and community services, and risks to worker 
health and safety. These can be effectively mitigated through good construction 
and health and safety practices together with climate change adaptation measure. 

4. Potential negative impacts during operation phase are associated with waste and 
wastewater, noise, odour, boiler/geothermal and biomass energy generation 
emissions, chemical by-products waste and health and safety risks to workers and 
the community, climate change could worsen the negative environmental impacts. 
These can be effectively mitigated through good operation and health and safety 
practices and integration with climate change adaptation and mitigation measures.   

5. Potential positive impacts could be hampered by climate change risks, associated 
with emissions reductions compared to equivalent power production from coal-
fired power plants. 

Table 2.7: Summary of climate change risks and adaptation recommendations for East 
Jinan City, Shandong 

Key climate 
change information 

Risks Adaptation recommendations 

Monthly 
temperature and 
precipitation 

Seasonality and 
variability caused 
local natural 
environment change  

Long-term plan and operational change 
including energy use profile for heating and 
cooling and industrial processes 

Intensified extreme 
rainfall 

Flooding 
Water logging 

Apply extreme precipitation change factors to 
current drainage system design formulas  
Setback from flood prone area 
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Apply high design standard 
Flood protection measures 
Flood management mechanisms 
Sponge city water management system  

Increased extreme 
high temperature 

Operational risks, 
energy system 
overload 
and workplace 
safety 

Apply temperature change factor to energy 
system design 
Heat tolerant construction material selection 
Workplace cooling system installation 

Increased drought 
probability and 
frequency 

Water and food 
supply decrease 

Water supply system and resources 
management planning 

Extreme wind 
speed increase 

Infrastructure 
damage  Operational 
risk 
Environmental 
pollution risk 

Wind protection for the office buildings, 
production and storage facilities 

Frost and snow Infrastructure 
damage and 
operational 
disruptions 

Early warning and protection measures, 
infrastructure hardness 
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Chapter Three: Subproject 2: Shanghe Coal-Free Clean Heating 
Demonstration Project 
 

3.1 Project introduction 
68. Shanghe Coal-Free Clean Heating Demonstration Project. Shanghe County is a county 
administered and managed by Jinan City. This subproject aims to build Shanghe as a “coal-free,” 
clean heating pilot county, the first-of-its-kind in Shandong Province. This will be achieved in more 
densely populated areas by forming a modernized heat supply system based on a new 
“geothermal heat plus” system in urban and semi-urban areas. This system uses deep well 
geothermal heat with sewage sourced heat pump as a supplementary resource and gas-fired 
plant for peaking and backup supply. In regions where geothermal resources cannot supply the 
full load, biogas and waste heat will be utilized. For the scattered rural areas, where heating 
services cannot be provided by the centralized heating system, clean individual household-based 
heating system such as air source heat pump, shallow ground heat pump, solar heating, switching 
from coal to gas together with building energy efficiency renovation will be used to gradually 
replace the existing coal-based heating and cooking practice. These diverse heating sources 
increase energy efficiency and reduce local pollution associated with traditional heating methods 
using beehive stoves, straw burning, and raw coal burning. The “Shanghe Model” can be used 
as a reference and be replicated for other county-level cities. 

3.2 Slow onset monthly and annual mean precipitation and temperature 
change 

69. The precipitation is projected to be increased in all season using the median values of 46 
GCM/RCM change patterns (Table 3.1).  The annual precipitation in Shanghe Jinan, Shandong 
could increase from 528.0mm of historical average to 684.0mm under the RCP8.5 2050 projection, 
and then further increases to 779.9 mm under the RCP8.5 2100 scenario. Large uncertainties 
exist in all the projection.  

70. Mean temperatures could increase from 13.6oC to 15.7oC under the RCP8.5 2050 
scenario, and increase to 18.7oC under the RCP8.5 2100 scenario. Maximum and minimum 
temperatures have similar increasing trends. 

Table 3.1: Seasonal and annual precipitation and temperature changes in Shanghe Jinan 
City, Shandong under different scenarios. 

Shanghe Jinan City, Shandong, mean precipitation and temperature 
 
 

Baseline RCP26 
2050 

RCP45 
2050 

RCP85 
2050 

RCP26 
2100 

RCP45 
2100 

RCP85 
2100 

Precipitation (mm) 
MAM 64.0 68.9 70.7 73.2 68.9 72.9 86.0 
JJA 375.0 393.2 400.0 409.5 393.2 408.3 457.6 
SON 73.0 76.0 77.2 78.8 76.0 78.6 86.8 
DJF 16.0 17.5 18.1 18.9 17.5 18.8 22.9 
ANN 528.0 555.6 566.0 580.4 555.6 578.5 653.3 
Mean temperature (oC) 
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MAM 14.2 15.3 15.6 16.2 15.3 16.1 18.9 
JJA 26.2 27.3 27.7 28.2 27.3 28.2 31.1 
SON 14.5 15.6 16.0 16.6 15.6 16.6 19.7 
DJF -0.4 0.8 1.3 1.9 0.8 1.8 5.1 
ANN 13.6 14.7 15.2 15.7 14.7 15.7 18.7 
Maximum Temperature (oC) 
MAM 20.3 21.4 21.8 22.4 21.4 22.3 25.3 
JJA 31.4 32.4 32.8 33.4 32.4 33.3 36.2 
SON 20.0 21.1 21.5 22.1 21.1 22.0 25.1 
DJF 4.3 5.7 6.1 6.8 5.7 6.7 10.3 
ANN 19.0 20.1 20.6 21.2 20.1 21.1 24.2 
Minimum Temperature (oC) 
MAM 8.2 9.2 9.5 10.1 9.2 10.0 12.6 
JJA 21.1 22.2 22.6 23.2 22.2 23.1 26.1 
SON 9.0 10.2 10.6 11.2 10.2 11.1 14.2 
DJF -5.2 -3.9 -3.5 -2.8 -3.9 -2.9 0.6 
ANN 8.3 9.4 9.8 10.4 9.4 10.3 13.4 

 

3.3 Extreme precipitation analysis for Shanghe Jinan City, Shandong 

71. Extreme precipitation is one the major risks for the project. For example, the 100 year 
return 24-hour precipitation amount for the baseline period is 236.1 mm, which is close to half of 
the average annual precipitation. Climate change could intensify the extreme precipitation in all 
durations and return intervals. Under the RCP8.5 2050 scenario, the 100 year return 24h could 
be increased to 266.7 mm, then increased to 309.3 mm in 2100. Data for different duration and 
ARIs is listed in Table 3.3.  

72. For extreme precipitation change projected by GCM data, longer durations have smaller 
changes, and shorter return intervals have larger changes, which has a physical basis.  

Table 3.2: Historical baseline ARI 5, 50 and 100 extreme precipitation and changes in 
different climate change scenarios for Shanghe, Jinan City, Shandong 

Shanghe, Jinan City, Shandong, Extreme precipitation based on station observation 
data  
Precipitation depth (mm) and duration (minutes) 
Scenario 30 60 180 360 720 1080 1440 2880 4320 
ARI 5           
Baseline 24.8 31.7 46.5 59.3 75.5 87.1 96.3 122.7 141.4 
RCP26_205
0 26.0 33.1 48.7 61.9 78.7 90.7 100.0 127.4 146.8 
RCP45_205
0 26.4 33.7 49.5 62.9 79.9 92.1 101.4 129.1 148.8 
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3.4 Extreme maximum temperature 
73. Extreme high temperature in Shanghe Jinan City, Shandong could increase faster than 
mean temperature. For example, historical 100-year ARI maximum temperature is 43.9oC, even 
under the RCP2.6 2050 scenario, the extreme temperature could reach 46.9oC, and under the 
RCP8.5 2100 scenario, the 100-year return value could be 49.5oC (Table 3.4). 

Table 3.3: Extreme high temperature in Shanghe Jinan City, Shandong 

Shanghe Jinan City, Shandong, Extreme maximum temperature 
ARI Baseline RCP26 

2050 
RCP45 
2050 

RCP85 
2050 

RCP26 
2100 

RCP45 
2100 

RCP85 
2100 

RCP85_205
0 27.0 34.4 50.6 64.3 81.6 94.0 103.4 131.5 151.6 
RCP26_210
0 26.0 33.1 48.7 61.9 78.7 90.7 100.0 127.4 146.8 
RCP45_210
0 26.9 34.3 50.4 64.1 81.4 93.8 103.2 131.2 151.2 
RCP85_210
0 30.1 38.3 56.3 71.2 90.0 103.7 113.3 143.8 165.7 
ARI 50          
Baseline 50.4 64.2 94.4 120.3 153.3 176.7 195.4 249.0 287.0 
RCP26_205
0 53.9 68.7 100.8 128.2 162.9 187.7 207.2 263.4 303.6 
RCP45_205
0 55.2 70.3 103.3 131.1 166.5 191.9 211.6 268.8 309.9 
RCP85_205
0 57.0 72.6 106.7 135.3 171.5 197.6 217.8 276.4 318.6 
RCP26_210
0 53.9 68.7 100.8 128.2 162.9 187.7 207.2 263.4 303.6 
RCP45_210
0 56.8 72.3 106.3 134.7 170.8 196.9 217.0 275.4 317.5 
RCP85_210
0 66.2 84.3 123.9 156.1 196.8 226.8 249.0 314.4 362.6 
ARI 100          
Baseline 60.9 77.6 114.0 145.3 185.2 213.4 236.1 300.9 346.7 
RCP26_205
0 65.5 83.5 122.7 155.9 198.1 228.3 252.2 320.5 369.5 
RCP45_205
0 67.3 85.8 126.0 159.9 202.9 233.9 258.3 327.9 378.0 
RCP85_205
0 69.7 88.9 130.5 165.4 209.7 241.6 266.7 338.2 389.9 
RCP26_210
0 65.5 83.5 122.7 155.9 198.1 228.3 252.2 320.5 369.5 
RCP45_210
0 69.4 88.5 130.0 164.7 208.8 240.6 265.6 336.9 388.4 
RCP85_210
0 82.0 

104.
5 153.6 193.4 243.7 280.8 309.3 390.2 450.0 
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2 38.1 39.6 39.8 40.8 39.3 40.9 44.2 
3 38.9 40.2 40.6 41.5 40.1 41.6 45.0 
5 39.7 40.5 41.5 42.5 41.0 42.4 45.6 
10 40.7 41.4 42.5 43.7 42.3 43.2 46.7 
15 41.3 41.9 43.0 44.5 43.1 43.8 47.3 
20 41.7 42.4 43.5 44.9 43.6 44.1 47.6 
25 42.0 42.9 43.9 45.1 44.0 44.4 47.9 
30 42.2 43.3 44.1 45.4 44.3 44.7 48.1 
40 42.6 43.9 44.4 45.8 44.7 45.1 48.3 
50 42.9 44.4 44.6 46.1 45.0 45.4 48.6 
100 43.9 45.8 45.6 46.9 46.0 46.4 49.5 
150 44.4 46.7 46.1 47.3 46.6 47.0 50.0 
200 44.8 47.2 46.5 47.7 47.0 47.5 50.3 
300 45.3 48.1 47.1 48.1 47.6 48.1 50.8 

 

3.5 Drought 
74. Drought is a significant risk in Shanghe Jinan City, Shandong. The analysis and historic 
drought severity and frequency and future potential drought severity and frequency is presented 
in Table 4.4. The frequency values need to be interpreted as how many years in 100 years; or 
the likelihood of drought (moderate, severe, extreme) to occur. For this case, drought values 
expressed in the table only represents precipitation-evapotranspiration anomalies. This will not 
necessarily relate perfectly with an agricultural or soil drought. Under all climate change scenarios, 
drought probability and severity showed increase trend. Severe and extreme drought could 
increase, especially under RCP8.5 2100.  

Table 3.4: Historical and future drought duration frequency for Shanghe Jinan City, 
Shandong, based on SPEI and GCM/RCM ensemble precipitation and temperature changes 

Shanghe Jinan City, Shandong 
 Drought probability (%) and duration (month) 
 Severity  1 month 2 month  3 month 4 month 5 month 6 month 7month 
Baseline Moderate  93.8 46.9 31.3 23.4 18.8 15.6 13.4 
RCP26_2050 Moderate 100.0 73.4 49.0 36.7 29.4 24.5 21.0 
RCP45_2050 Moderate  100.0 89.1 59.4 44.5 35.6 29.7 25.5 
RCP85_2050 Moderate  100.0 100.0 67.7 50.8 40.6 33.9 29.0 
RCP26_2100 Moderate  100.0 73.4 49.0 36.7 29.4 24.5 21.0 
RCP45_2100 Moderate  100.0 100.0 67.7 50.8 40.6 33.9 29.0 
RCP85_2100 Moderate  100.0 100.0 100.0 90.6 72.5 60.4 51.8 
         
Baseline Severe 28.1 14.1 9.4 7.0 5.6 4.7 4.0 
RCP26_2050 Severe 59.4 29.7 19.8 14.8 11.9 9.9 8.5 
RCP45_2050 Severe 75.0 37.5 25.0 18.8 15.0 12.5 10.7 
RCP85_2050 Severe 100.0 50.0 33.3 25.0 20.0 16.7 14.3 
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RCP26_2100 Severe 59.4 29.7 19.8 14.8 11.9 9.9 8.5 
RCP45_2100 Severe 96.9 48.4 32.3 24.2 19.4 16.2 13.8 
RCP85_2100 Severe 100.0 100.0 83.3 62.5 50.0 41.7 35.7 
         
Baseline Extreme 12.5 6.3 4.2 3.1 2.5 2.1 1.8 
RCP26_2050 Extreme 31.3 15.6 10.4 7.8 6.3 5.2 4.5 
RCP45_2050 Extreme 37.5 18.8 12.5 9.4 7.5 6.3 5.4 
RCP85_2050 Extreme 50.0 25.0 16.7 12.5 10.0 8.3 7.1 
RCP26_2100 Extreme 31.3 15.6 10.4 7.8 6.3 5.2 4.5 
RCP45_2100 Extreme 50.0 25.0 16.7 12.5 10.0 8.3 7.1 
RCP85_2100 Ex 100.0 78.1 52.1 39.1 31.3 26.0 22.3 

3.6 Extreme wind speed change 
75. 100 year return extreme maximum wind speed in Shanghe Jinan City, Shandong can 
reach 19.8 m/s or 71.2 km/h (Table 3.6). High wind speed can cause infrastructure and 
operational issues for the project. Extreme wind speed is projected to increase, while the mean 
wind speed could decrease. For example, the 100 year return extreme wind speed could increase 
to 22.2 m/s or 80.0 km/h in 2050 RCP8.5.    

Table 3.5: Extreme maximum wind speed in Shanghe Jinan City, Shandong 

Shanghe Jinan City, Shandong 
 Extreme wind speed (m/s) 
ARI Baseline RCP26 

2050 
RCP45 
2050 

RCP85 
2050 

RCP26 
2100 

RCP45 
2100 

RCP85 
2100 

2 13.4 15.7 15.9 15.0 14.9 15.0 14.5 
3 14.3 16.4 16.6 16.0 15.9 16.0 15.5 
5 15.2 17.1 17.3 17.0 16.9 17.0 16.5 
10 16.4 17.9 18.1 18.3 18.2 18.3 17.9 
50 18.8 19.8 19.8 21.1 21.0 21.0 20.8 
100 19.8 20.7 20.7 22.2 22.2 22.1 22.0 

 

3.7 Heating degree days and cooling degree days 
76. The HDD for the baseline period for Shanghe Jinan is 2614.7, and could decrease with 
the increase of temperatures, such as under the 2050 RCP8.5 scenario, the HDD could decrease 
36.1%. Meanwhile, CDD could increase dramatically as temperatures increase, such as under 
the 2050 RCP8.5 scenario, the CDD could increase from 948.1 to 1753.5, which is a 84.9% 
increase. By under the RCP8.5 scenario, the CDD could increase 276.6%. 

Table 3.6 Heating degree days and cooling degree days changes in Shanghe Jinan 

 Baseline RCP26 
2050 

RCP45 
2050 

RCP85 
2050 

RCP26 
2100 

RCP45 
2100 

RCP85 
2100 

HDD 2614.7 2375.2 2064.7 1670.9 1478.3 1148.6 470.6 
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HDD 
change % 0.0 -9.2 -21.0 -36.1 -43.5 -56.1 -82.0 
CDD 948.1 1117.5 1370.4 1753.5 1969.8 2389.9 3570.2 
CDD 
change % 0.0 17.9 44.5 84.9 107.8 152.1 276.6 

3.8 Adaptation option and recommendations 
77. Overall risk governance and management 

• Compliance to relevant local, national and international risk management laws and 
regulations in consideration of climate change risk management. 

• Implementation and enforcement of building codes, zoning laws, and setbacks.  
• Incorporation of climate change concerns into environmental impact assessments 

of new infrastructure planning and investment. 
• Climate-proof existing infrastructure against climate change risks. 

78. Integration of disaster risk management  

• Integration of risk reduction principles into environmental permitting; integration of 
disaster risk management with climate change adaptation strategies to reduce 
exposure to floods and other climatic extreme events. 

• Drought, flood, extreme weather early warning systems; awareness and capacity 
building programs. 

• Improvement of disaster preparation and planning; training disaster staff and 
volunteers; applying traditional knowledge to risk reduction strategies. 

 
79. Climate change adaptation in relation with environmental impacts identified by IEE  

1. Environmental impacts could be changed by climate change; positive impact could 
be decreased, while negative impact could be exacerbated by extreme weather, 
and long-term climate change trends. The following points could be considered 
(Table 2.6).  

2. Climate change caused extreme events could exaggerate the environmental 
impacts during pre-construction, construction, and the operation phases were 
each is considered separately. The IEE results of the assessment indicate that 
during the preconstruction phase environmental issues are very limited.  However, 
these impacts need to be considered in association with ensuring appropriate 
incorporation of mitigation measures into the subproject design.  

3. Potential negative environmental impacts during the construction phase are short-
term and localized, and are associated with soil erosion, construction noise, 
fugitive dust, disruption of traffic and community services, and risks to worker 
health and safety. These can be effectively mitigated through good construction 
and health and safety practices together with climate change adaptation measure. 

4. Potential negative impacts during operation phase are associated with waste and 
wastewater, noise, odour, boiler emissions, chemical by-products waste and 
health and safety risks to workers and the community, climate change could 
worsen the negative environmental impacts. These can be effectively mitigated 
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through good operation and health and safety practices and integration with 
climate change adaptation and mitigation measures.   

5. Potential positive impacts could be hampered by climate change risks, associated 
with emissions reductions compared to equivalent power production from coal-
fired power plants. 

Table 3.7: Summary of climate change risks and adaptation recommendations for Shanghe 
Jinan City, Shandong 

Key climate 
change 
information 

Risks Adaptation recommendations 

Monthly 
temperature and 
precipitation 

Seasonality and 
variability caused 
local natural 
environment change  

Long-term plan and operational change 
including energy use profile for heating and 
cooling and industrial processes 

Intensified 
extreme rainfall 

Flooding 
Water logging 

Apply extreme precipitation change factors to 
current drainage system design formulas  
Setback from flood prone area 
Apply high design standard 
Flood protection measures 
Flood management mechanisms 
Sponge city water management system  

Increased extreme 
high temperature 

Operational risks, 
energy system 
overload 
and workplace 
safety 

Apply temperature change factor to energy 
system design 
Heat tolerant construction material selection 
Workplace cooling system installation 

Increased drought 
probability and 
frequency 

Water and food 
supply decrease 

Water supply system and resources 
management planning 

Extreme wind 
speed increase 

Infrastructure 
damage  
Operational risk 
Environmental 
pollution risk 

Wind protection for the office buildings, 
production and storage facilities 

Frost and snow Infrastructure 
damage and 
operational 
disruptions 

Early warning and protection measures, 
infrastructure hardness 
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Chapter four: Subproject 3: West Jinan Waste Heat Utilization and 
Clean Energy Project 
 

4.1 Project introduction 
80. West Jinan Waste Heat Utilization and Clean Energy Project. This subproject will provide 
heating services to west Jinan City by multiple heating sources to ensure secure and efficient 
energy supply, including waste heat from power plants, biomass combine heat and power plant, 
and distributed natural gas-based heating systems and other renewable energy sources. The 
subproject will dispatch the various heat sources in real time to maximize energy efficiency, 
optimize energy mix and reduce peak load. For example, the subproject uses natural gas boilers 
to make temperature adjustments for the end user, and it will also use biomass briquettes to 
provide combined heating and power. Through energy saving and integration of clean and 
renewable energy sources, the subproject will replace inefficient coal fired heat-only boilers 
thereby reducing ambient air pollution in Jinan City.  

4.2 Slow onset monthly and annual mean precipitation and temperature 
change 

81. Precipitation is projected to increase in all season using the median values of 46 
GCM/RCM change patterns (Table 4.1). The annual precipitation in Shanghe Jinan, Shandong 
could increase from a historical average of 572.5 mm to 638.9mm under the RCP8.5 2050 
projection, and then further increases to 731.2 mm under the RCP8.5 2100 scenario. Large 
uncertainties exist in all the projection.  

82. Mean temperature could increase from 14.6 to 16.7oC under the RCP8.5 2050 scenario, 
and increase to 19.6oC under the RCP8.5 2100 scenario. Maximum and minimum temperatures 
have similar increasing trends. 

Table 4.1: Seasonal and annual precipitation and temperature changes in West Jinan City, 
Shandong under different scenarios. 

West Jinan City, Shandong, mean precipitation and temperature 
 
 

Baseline RCP26 
2050 

RCP45 
2050 

RCP85 
2050 

RCP26 
2100 

RCP45 
2100 

RCP85 
2100 

Precipitation (mm) 
MAM 64.7 69.9 71.9 74.6 69.9 74.2 88.4 
JJA 396.1 420.3 429.5 442.1 420.3 440.5 506.1 
SON 90.7 94.1 95.4 97.2 94.1 96.9 106.1 
DJF 21.0 23.1 23.9 25.0 23.1 24.9 30.7 
ANN 572.5 607.4 620.6 638.9 607.4 636.5 731.2 
Mean temperature (oC) 
MAM 15.3 16.3 16.7 17.2 16.3 17.1 19.9 
JJA 26.9 28.0 28.4 28.9 28.0 28.9 31.7 
SON 15.4 16.6 17.0 17.6 16.6 17.5 20.6 
DJF 0.8 2.0 2.5 3.1 2.0 3.0 6.3 
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ANN 14.6 15.7 16.1 16.7 15.7 16.6 19.6 
Maximum Temperature (oC) 
MAM 20.9 22.0 22.4 22.9 22.0 22.8 25.7 
JJA 31.9 32.9 33.3 33.9 32.9 33.8 36.7 
SON 20.5 21.7 22.1 22.7 21.7 22.6 25.7 
DJF 5.1 6.4 6.9 7.6 6.4 7.5 11.0 
ANN 19.6 20.7 21.2 21.8 20.7 21.7 24.8 
Minimum Temperature (oC) 
MAM 9.7 10.6 11.0 11.5 10.6 11.5 14.1 
JJA 22.1 23.2 23.6 24.1 23.2 24.1 27.0 
SON 10.4 11.5 12.0 12.6 11.5 12.5 15.5 
DJF -3.6 -2.3 -1.9 -1.2 -2.3 -1.3 2.0 
ANN 9.6 10.8 11.2 11.7 10.8 11.7 14.7 

 

4.3 Extreme precipitation analysis for West Jinan City, Shandong 

83. Extreme precipitation is one the major risks for the project. For example, the 100-year 
return 24-hour precipitation amount for the baseline period is 250.3.5 mm, which is close to half 
of the average annual precipitation. Climate change could intensify the extreme precipitation in 
all durations and return intervals. Under RCP8.5 2050, the 100 year return 24h could be increased 
to 282.6 mm, then increased to 327.5 mm in 2100. Data for different duration and ARIs is listed 
in Table 4.2.  

84. For extreme precipitation change projected by GCM data, longer durations have smaller 
changes, and shorter return intervals have larger changes, which has a physical basis.  

 
Table 4.2: Historical baseline ARI 5, 50 and 100 extreme precipitation and changes in 
different climate change scenarios for West Jinan City, Shandong 

Wes Jinan City, Shandong, Extreme precipitation based on station observation data  
Precipitation depth (mm) and duration (minutes) 
Scenario 30 60 180 360 720 1080 1440 2880 4320 
ARI 5           
Baseline 27.7 35.4 51.9 66.2 84.4 97.2 107.5 137.1 158.0 
RCP26_2050 29.0 37.0 54.3 69.1 87.9 101.3 111.7 142.2 163.9 
RCP45_2050 29.5 37.6 55.2 70.2 89.2 102.8 113.3 144.1 166.1 
RCP85_2050 30.1 38.4 56.4 71.7 91.1 104.9 115.4 146.8 169.1 
RCP26_2100 29.0 37.0 54.3 69.1 87.9 101.3 111.7 142.2 163.9 
RCP45_2100 30.1 38.3 56.3 71.5 90.8 104.7 115.2 146.5 168.8 
RCP85_2100 33.5 42.7 62.7 79.4 100.4 115.7 126.4 160.3 184.7 
ARI 50          
Baseline 54.3 69.2 101.6 129.5 165.0 190.2 210.3 268.1 308.9 
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4.4 Extreme maximum temperature 
85. Extreme high temperature in West Jinan City, Shandong could increase faster than mean 
temperature. For example, historical 100-year ARI maximum temperature is 42.9oC, even under 
the RCP2.6 2050 scenario, the extreme temperature could reach 44.5oC, and under the RCP8.5 
2100 scenario, the 100-year return value could be 48.3oC (Table 4.3). 

Table 4.3: Extreme high temperature in West Jinan City, Shandong 

West Jinan City, Shandong, Extreme maximum temperature 
ARI Baseline RCP26 

2050 
RCP45 
2050 

RCP85 
2050 

RCP26 
2100 

RCP45 
2100 

RCP85 
2100 

2 37.4 38.6 39.1 40.2 38.7 40.1 43.7 
3 38.2 39.4 39.9 40.8 39.4 40.8 44.4 
5 38.9 39.7 40.8 41.6 40.0 41.6 45.0 
10 39.9 40.5 41.7 42.9 41.2 42.6 45.9 
15 40.5 41.0 42.3 43.6 42.0 43.1 46.4 
20 40.8 41.4 42.6 44.1 42.5 43.5 46.8 
25 41.1 41.9 42.9 44.4 42.8 43.8 47.0 
30 41.4 42.2 43.1 44.6 43.2 44.0 47.1 
40 41.7 42.8 43.4 44.8 43.6 44.4 47.4 
50 42.0 43.2 43.8 45.1 44.0 44.7 47.7 
100 42.9 44.5 44.8 46.0 45.1 45.6 48.3 
150 43.4 45.3 45.4 46.5 45.8 46.1 48.7 
200 43.7 45.8 45.8 46.9 46.2 46.5 49.1 
300 44.2 46.5 46.3 47.3 46.8 47.0 49.6 

 

RCP26_2050 58.0 73.9 108.5 137.9 175.3 202.0 223.0 283.5 326.7 
RCP45_2050 59.4 75.7 111.1 141.1 179.1 206.5 227.7 289.3 333.4 
RCP85_2050 61.3 78.1 114.8 145.5 184.5 212.6 234.3 297.3 342.7 
RCP26_2100 58.0 73.9 108.5 137.9 175.3 202.0 223.0 283.5 326.7 
RCP45_2100 61.1 77.8 114.3 145.0 183.8 211.8 233.5 296.3 341.5 
RCP85_2100 71.1 90.6 133.1 167.9 211.6 243.9 267.8 338.0 389.6 
ARI 100          
Baseline 64.6 82.3 120.9 154.1 196.4 226.3 250.3 319.0 367.6 
RCP26_2050 69.5 88.5 130.1 165.2 209.9 242.0 267.3 339.7 391.6 
RCP45_2050 71.3 90.9 133.5 169.4 215.1 247.9 273.7 347.6 400.6 
RCP85_2050 73.9 94.2 138.3 175.3 222.2 256.1 282.6 358.4 413.1 
RCP26_2100 69.5 88.5 130.1 165.2 209.9 242.0 267.3 339.7 391.6 
RCP45_2100 73.6 93.7 137.7 174.5 221.3 255.0 281.4 357.0 411.5 
RCP85_2100 86.9 110.7 162.6 204.8 258.1 297.5 327.5 413.2 476.4 
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4.5 Drought 
86. Drought is a significant risk in East Jinan City, Shandong. The analysis and historic 
drought severity and frequency and future potential drought severity and frequency is presented 
in Table 4.4. The frequency values need to be interpreted as how many years in 100 years; or 
the likelihood of drought (moderate, severe, extreme) to occur. For this case, drought values 
expressed in the table only represents precipitation-evapotranspiration anomalies. This will not 
necessarily relate perfectly with an agricultural or soil drought. Under all climate change scenarios, 
drought probability and severity showed increase trend. Severe and extreme drought could 
increase, especially under RCP8.5 2100.  

Table 4.4: Historical and future drought duration frequency for West Jinan City, Shandong, 
based on SPEI and GCM/RCM ensemble precipitation and temperature changes 

West Jinan City, Shandong 
 Drought probability (%) and duration (month) 
 Severity  1 month 2 month  3 month 4 month 5 month 6 month 7month 
Baseline Moderate  87.5 43.8 29.2 21.9 17.5 14.6 12.5 
RCP26_2050 Moderate 100.0 73.4 49.0 36.7 29.4 24.5 21.0 
RCP45_2050 Moderate  100.0 89.1 59.4 44.5 35.6 29.7 25.5 
RCP85_2050 Moderate  100.0 100.0 67.7 50.8 40.6 33.9 29.0 
RCP26_2100 Moderate  100.0 73.4 49.0 36.7 29.4 24.5 21.0 
RCP45_2100 Moderate  100.0 100.0 67.7 50.8 40.6 33.9 29.0 
RCP85_2100 Moderate  100.0 100.0 100.0 90.6 72.5 60.4 51.8 
         
Baseline Severe 28.1 14.1 9.4 7.0 5.6 4.7 4.0 
RCP26_2050 Severe 59.4 29.7 19.8 14.8 11.9 9.9 8.5 
RCP45_2050 Severe 75.0 37.5 25.0 18.8 15.0 12.5 10.7 
RCP85_2050 Severe 100.0 50.0 33.3 25.0 20.0 16.7 14.3 
RCP26_2100 Severe 59.4 29.7 19.8 14.8 11.9 9.9 8.5 
RCP45_2100 Severe 96.9 48.4 32.3 24.2 19.4 16.2 13.8 
RCP85_2100 Severe 100.0 100.0 83.3 62.5 50.0 41.7 35.7 
         
Baseline Extreme 12.5 6.3 4.2 3.1 2.5 2.1 1.8 
RCP26_2050 Extreme 31.3 15.6 10.4 7.8 6.3 5.2 4.5 
RCP45_2050 Extreme 37.5 18.8 12.5 9.4 7.5 6.3 5.4 
RCP85_2050 Extreme 50.0 25.0 16.7 12.5 10.0 8.3 7.1 
RCP26_2100 Extreme 31.3 15.6 10.4 7.8 6.3 5.2 4.5 
RCP45_2100 Extreme 50.0 25.0 16.7 12.5 10.0 8.3 7.1 
RCP85_2100 Extreme 100.0 78.1 52.1 39.1 31.3 26.0 22.3 

4.6 Extreme wind speed change 
87. 100 year return extreme maximum wind speed in West Jinan City, Shandong can reach 
23.3 m/s or 83.9 km/h (Table 4.5). High wind speed can cause infrastructure and operational 
issues for the project. Extreme wind speed is projected to increase, while the mean wind speed 
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could decrease. For example, the 100 year return extreme wind speed could increase to 25.1 m/s 
or 90.4 km/h in 2050 RCP8.5.    

Table 4.5: Extreme maximum wind speed in West Jinan City, Shandong 

West Jinan City, Shandong 
 Extreme wind speed (m/s) 
ARI Baseline RCP26 

2050 
RCP45 
2050 

RCP85 
2050 

RCP26 
2100 

RCP45 
2100 

RCP85 
2100 

2 15.0 18.0 18.2 16.8 16.7 16.7 16.2 
3 16.0 18.8 19.1 17.9 17.8 17.8 17.3 
5 17.1 19.6 19.9 19.1 19.0 19.0 18.5 
10 18.4 20.6 20.9 20.6 20.5 20.5 20.1 
50 21.1 22.7 23.0 23.8 23.7 23.6 23.5 
100 22.3 23.7 24.0 25.1 25.1 24.9 24.8 

 

4.7 Heating degree days and cooling degree days 
88. The HDD for the baseline period for East Jinan is 2429.8, it could decrease with the 
increase in temperatures, such as under the 2050 RCP8.5 scenario, the HDD could decrease by 
36%. Meanwhile, CDD could increase dramatically as temperatures increase, such as under the 
2050 RCP8.5 scenario, the CDD could increase from 1097.6 to 1935.3, which is a 76.3% increase. 
In 2100 under the RCP8.5 scenario, the CDD could increase by 246.5%. 

Table 4.6 Heating degree days and cooling degree days changes in East Jinan 

 Baseline RCP26 
2050 

RCP45 
2050 

RCP85 
2050 

RCP26 
2100 

RCP45 
2100 

RCP85 
2100 

HDD 2429.8 2203.2 1909.2 1536.1 1353.8 1042.9 417.9 
HDD 
change % 0.0 -9.2 -21.0 -36.1 -43.5 -56.1 -82.0 
CDD 1097.6 1275.7 1539.3 1935.3 2157.6 2588.8 3803.0 
CDD 
change % 0.0 16.2 40.2 76.3 96.6 135.9 246.5 

4.8 Adaptation option and recommendations 
89. Overall risk governance and management 

• Compliance to relevant local, national and international risk management laws and 
regulations in consideration of climate change risk management. 

• Implementation and enforcement of building codes, zoning laws, and setbacks.  
• Incorporation of climate change concerns into environmental impact assessments 

of new infrastructure planning and investment. 
• Climate-proof existing infrastructure against climate change risks. 

90. Integration of disaster risk management  
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• Integration of risk reduction principles into environmental permitting; integration of 
disaster risk management with climate change adaptation strategies to reduce 
exposure to floods and other climatic extreme events. 

• Drought, flood, extreme weather early warning systems; awareness and capacity 
building programs. 

• Improvement of disaster preparation and planning; training disaster staff and 
volunteers; applying traditional knowledge to risk reduction strategies. 

 
91. Climate change adaptation in relation with environmental impacts identified by IEE  

1. Environmental impacts could be changed by climate change; positive impact could 
be decreased, while negative impact could be exacerbated by extreme weather, 
and long-term climate change trends. The following points could be considered 
(Table 4.7).  

2. Climate change caused extreme events could exaggerate the environmental 
impacts during pre-construction, construction, and the operation phases were 
each is considered separately. The IEE results of the assessment indicate that 
during the preconstruction phase environmental issues are very limited.  However, 
these impacts need to be considered in association with ensuring appropriate 
incorporation of mitigation measures into the subproject design.  

3. Potential negative environmental impacts during the construction phase are short-
term and localized, and are associated with soil erosion, construction noise, 
fugitive dust, disruption of traffic and community services, and risks to worker 
health and safety. These can be effectively mitigated through good construction 
and health and safety practices together with climate change adaptation measure. 

4. Potential negative impacts during operation phase are associated with waste and 
wastewater, noise, odour, boiler emissions, chemical by-products waste and 
health and safety risks to workers and the community, climate change could 
worsen the negative environmental impacts. These can be effectively mitigated 
through good operation and health and safety practices and integration with 
climate change adaptation and mitigation measures.   

5. Potential positive impacts could be hampered by climate change risks, associated 
with emissions reductions compared to equivalent power production from coal-
fired power plants. 

Table 4.7: Summary of climate change risks and adaptation recommendations for East 
Jinan City, Shandong 

Key climate 
change information 

Risks Adaptation recommendations 

Monthly 
temperature and 
precipitation 

Seasonality and 
variability caused 
local natural 
environment change  

Long-term plan and operational change 
including energy use profile for heating and 
cooling and industrial processes 

Intensified extreme 
rainfall 

Flooding 
Water logging 

Increase the capacity of the drainage  
Setback from flood prone area 
Apply high design standard 
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Flood protection measures 
Flood management mechanisms 
Sponge city water management system  

Increased extreme 
high temperature 

Operational risks, 
energy system 
overload 
and workplace 
safety 

Use systems (pumps) that are heat tolerant  
Heat tolerant construction material selection 
Workplace cooling system installation 

Increased drought 
probability and 
frequency 

Water and food 
supply decrease 

Increase capacity of water storage facilities  
Invest in water efficient technologies  

Extreme wind 
speed increase 

Infrastructure 
damage   
Operational risk 
Environmental 
pollution risk 

Wind protection for the office buildings, 
production and storage facilities 

Frost and snow Infrastructure 
damage  and 
operational 
disruptions 

Early warning and protection measures, 
infrastructure hardness 
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Chapter five: Adaptation option economic analysis for the 
project 
 

92. Economic analysis requires concise and detailed information based on the project 
engineering design. This information was not available for this analysis. The only project 
economic value available for analysis at the prefeasibility study stage is the total budget for the 
three subprojects: USD$800 million. Therefore, the following assumptions were made to enable 
quantification of the costs and benefits of adaptation options in response to the modelled risks 
from climate change. 
 
93. All the cost and benefit values are first estimated as a percentage of the total investment, 
then converted to real dollar values in the CBA analysis. 

(1) The adaptation options and the incremental cost of adaptation only focused on the 
direct physical material, structure and functionality of the climate proofing options. 
The other costs and benefits of the whole project were beyond this climate proofing 
economic analysis. 

(2) The climate proofing benefits (not the total benefits of the projects) analysis only 
focused on the avoided damage or disruption, maintenance by taking adaption or 
climate-proofing measures, no indirect socio-economic benefits were included. 

(3) The benefits of climate proofing investment could be defined as the mitigation of 
the increased Annual Average Loss (AAL) potentially incurred with climate change. 
The AAL would linearly increase with the increase of extreme climate events, 
including flood (water logging) and extreme heat (heatwaves), extreme wind and 
drought events. The data of extreme events change were calculated in the climate 
change risk section of this report.   

(4) Benefit sensitivity levels reflect sensitivity to damage of the project materials, 
construction and functionality, and are set to 10%, 15% and 20% of the total project 
budget (USD800 million). 

(5) In principle, in any economic analysis, the time horizon of the analysis (the end 
point or end year) should coincide with the duration of the (positive or negative) 
welfare impacts of the project and capture all the important effects for as long as 
they last. This may or may not coincide with the expected lifetime of a project’s 
infrastructure. In this analysis, the project lifetime was set to 20 year, and 40 and 
60 years are used for sensitivity analysis from 2020 to 2040, 2060, and 2080 the 
climate change scenarios are RCP2.6, RCP4.5, and RCP 8.5. 

Table 5.1: Assumptions for adaption options and cost benefit analysis 

Adaptation 
options 

Potential 
climate 
change 

Physical 
impacts of 
climate 
change  

Potential 
Adaptation 
options 

Potential 
adaptation 
measure cost  
(% of the total 
project 
budget) 

Potential 
Benefit 
Avoided 
damage 
assumption 
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(% of the total 
project 
budget) 

Option 1 Extreme 
heatwave 

(Material) 
damage  

Design 
standard 
storm water, 
energy asset 

3-5% one-off 
with 0.1% 
maintenance 
fee per year 

5% increase 
per degree 
warming 
extreme 
temperature 

Option 2 Extreme 
events 
flood 

(Structure) 
Flood 
inundation 
damage to the 
pipeline 
construction 

Building 
material 
including: 
pipeline 
network, 
construction 
material 

5-10% one-off 
with 0.1% 
maintenance 
fee per year 

5% increase 
per degree 
warming 
extreme 
precipitation  
 

Option 3 Flood 
heatwaves 
Drought 
and Wind 

(Function, 
efficiency) 
Energy supply 
outrage by 
overload 

New 
Technology 
Redundancy 

10-15% one-
off with 0.1% 
maintenance 
fee per year 

Increased 
efficiency, 
disruption 
avoided 5% 
Efficiency loss 
1% 
Avoided 
maintenance 
cost 1% 

Option 4 All 
variables 

Whole 
system, 
including all 
above and 
more minor 
potential 
impacts 

Integrated 
measures 

20% one-off 
with 0.1% 
maintenance 
fee per year 

20% and 
increase with 
time 

 

Table 5.2 An example of cost benefit analysis 

Project  
year 

Year RCP8.5 Temp.  
Change  

Cost 10% level 
(million USD) 

Benefit level 15% 
(million USD) 

DB-DC 
(million USD) 

0 2020 0 80.00 0.00 -80.00 
1 2021 0.03 0.80 3.60 2.50 
2 2022 0.06 0.80 7.20 5.10 
3 2023 0.09 0.80 10.80 7.12 
4 2024 0.12 0.80 14.40 8.64 
5 2025 0.15 0.80 18.00 9.76 
6 2026 0.19 0.80 22.80 11.15 
7 2027 0.22 0.80 26.40 11.58 
8 2028 0.25 0.80 30.00 11.79 
9 2029 0.28 0.80 33.60 11.83 
10 2030 0.32 0.80 38.40 12.11 
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11 2031 0.35 0.80 42.00 11.84 
12 2032 0.39 0.80 46.80 11.81 
13 2033 0.42 0.80 50.40 11.37 
14 2034 0.46 0.80 55.20 11.13 
15 2035 0.49 0.80 58.80 10.60 
16 2036 0.53 0.80 63.60 10.24 
17 2037 0.57 0.80 68.40 9.85 
18 2038 0.6 0.80 72.00 9.26 
19 2039 0.64 0.80 76.80 8.82 
20 2040 0.68 0.80 81.60 8.38 
21 2041 0.71 0.80 85.20 7.81 
22 2042 0.75 0.80 90.00 7.37 
23 2043 0.79 0.80 94.80 6.94 
24 2044 0.83 0.80 99.60 6.51 
25 2045 0.87 0.80 104.40 6.09 
26 2046 0.91 0.80 109.20 5.69 
27 2047 0.95 0.80 114.00 5.31 
28 2048 0.99 0.80 118.80 4.94 
29 2049 1.03 0.80 123.60 4.59 
30 2050 1.07 0.80 128.40 4.26 
31 2051 1.11 0.80 133.20 3.95 
32 2052 1.15 0.80 138.00 3.65 
33 2053 1.19 0.80 142.80 3.37 
34 2054 1.23 0.80 147.60 3.11 
35 2055 1.28 0.80 153.60 2.89 
36 2056 1.32 0.80 158.40 2.67 
37 2057 1.36 0.80 163.20 2.45 
38 2058 1.41 0.80 169.20 2.27 
39 2059 1.45 0.80 174.00 2.08 
40 2060 1.49 0.80 178.80 1.91 
NPV20     114.87 
NPV40     202.75 

 

Table 5.5: NPVs for three climate change scenario, three project lifetime, four adaptation 
options, and three benefit levels (million USD) 

  
RCP2.
6 

RCP2.
6 

RCP2.
6 

RCP4.
5 

RCP4.
5 

RCP4.
5 

RCP8.
5 

RCP8.
5 

RCP8.
5 

  Benefit sensitivity level (% of USD800M total project investment per degree of 
warming)   
10% 15% 20% 10% 15% 20% 10% 15% 20% 

Lifetime 20 years 
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 Adapt. 
Cost 

         
 

option1 5% -37.34 -6.14 25.07 -2.60 45.98 94.56 32.69 98.91 165.13  
option2 
10%  

-77.34 -46.14 -14.93 -42.60 5.98 54.56 -7.31 58.91 125.13 
 

option3 
15%  

-
117.34 

-86.14 -54.93 -82.60 -34.02 14.56 -47.31 18.91 85.13 
 

option4 
20%  

-
157.34 

-
126.14 

-94.93 -
122.60 

-74.02 -25.44 -87.31 -21.09 45.13 

Lifetime 40 years  
Option1 5% -24.58 16.10 56.78 28.18 95.24 162.31 84.92 180.35 275.79  
option2 
10%  

-64.58 -23.90 16.78 -11.82 55.24 122.31 44.92 140.35 235.79 
 

option3 
15%  

-
104.58 

-63.90 -23.22 -51.82 15.24 82.31 4.92 100.35 195.79 
 

option4 
20%  

-
144.58 

-
103.90 

-63.22 -91.82 -24.76 42.31 -35.08 60.35 155.79 

Lifetime 60 years  
option1 5% -22.82 19.06 60.95 33.47 103.49 173.52 95.81 197.02 298.22  
option2 
10%  

-62.82 -20.94 20.95 -6.53 63.49 133.52 55.81 157.02 258.22 
 

option3 
15%  

-
102.82 

-60.94 -19.05 -46.53 23.49 93.52 15.81 117.02 218.22 
 

option4 
20%  

-
142.82 

-
100.94 

-59.05 -86.53 -16.51 53.52 -24.19 77.02 178.22 

94. Finding from economic analysis  
• Under RCP2.6 scenario, which projects lower climate change-related extreme 

events (temperature and precipitation) the NPV for adaptation is negative which 
implies that it is not economical worthwhile to climate proof the subproject as the 
cost is higher than the benefit.  

• Under RCP8.5 scenario, with high benefit sensitivity level, all NPV were positive 
which imply that it is more economical to climate proof the project.  

• For different adaptation options, the lower cost options showed positive NPVs, 
while high cost adaption options would generate negative NPVs even under the 
RCP8.5 scenario. 

• The NPV is also highly sensitive to project lifespan with longer project lifespans 
generating higher NPVs. However, the same results are consistent with RCP 2.6 
yielding negative NPV while RCP 8.6 producing strong NPVs.   

 
95. Recommendations:  

• Given the current climate change trend and mitigation practice, the higher climate 
change scenario (such as, RCP 8.5) with higher benefit levels (15% or 20%) needs 
to be considered in the decision-making process. 

• The selection of adaptation options would depend on the financial arrangement of 
the investment.  
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96. Caveats  
• The economic analysis can only provide a possible range of NPV within which the 

true (and unknown) NPV may fall with a reasonable degree of confidence. 
Absolute certainty is beyond the realm of any economic analysis. 

• The economic analysis aims to provide information on the economic efficiency of 
an investment project. It does not provide information as to the political feasibility, 
legality, or social and cultural acceptability of the project.  

• This economic analysis was undertaken to identify the distribution of costs and 
benefits across stakeholders to inform decision makers as to the distributional 
impacts of the project. ADB requires the conduct of such distributional analysis.  

• The outcome of the economic analysis should not be—and, in fact, is typically not 
the only criterion used in assessing the social desirability of an investment project. 
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Appendix 1: GCM and RCM data list 
 

Table A1: GCMs with 3 hourly precipitation data available 

 GCM nlat nlon 
1 ACCESS1-0 145 192 
2 BCC-CSM1-1 64 128 
3 BCC-CSM1-1-M 160 320 
4 CCSM4 192 288 
5 CMCC-CM 240 480 
6 CNRM-CM5 128 256 
7 EC-EARTH 160 320 
8 FGOALS-g2 60 128 
9 GFDL-CM3 90 144 
10 GFDL-ESM2G 90 144 
11 GFDL-ESM2M 90 144 
12 GISS-E2-H 90 144 
13 GISS-E2-R 90 144 
14 HadGEM2-ES 145 192 
15 inmcm4 120 180 
16 IPSL-CM5A-LR 96 96 
17 IPSL-CM5A-MR 143 144 
18 MIROC5 128 256 
19 MIROC-ESM 64 128 
20 MIROC-ESM-

CHEM 
64 128 

21 MRI-CGCM3 160 320 
22 NorESM1-M 96 144 

 

Table A2. Availability of GCM variables in the CMIP5 database 

 Model Temp Precip SolRad RelHum Wind SLR 

1 ACCESS1.3 Yes Yes Yes Yes Yes  

2 ACCESS1.0  Yes Yes Yes Yes Yes  

3 BCC-CSM1-1  Yes Yes  Yes Yes Yes 

4 BCC-CSM1-1-m Yes Yes  Yes  Yes 

5 BNU-ESM Yes Yes     

6 CanESM2 Yes Yes Yes Yes Yes Yes 
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7 CCSM4 Yes Yes Yes Yes  Yes 

8 CESM1-BGC  Yes Yes Yes Yes   

9 CESM1-CAM5  Yes Yes Yes Yes   

10 CMCC-CM  Yes Yes Yes  Yes Yes 

11 CMCC-CMS Yes Yes Yes  Yes Yes 

12 CNRM-CM5 Yes Yes Yes  Yes Yes 

13 CSIRO-Mk3-6-0 Yes Yes Yes Yes Yes Yes 

14 EC-EARTH Yes Yes   Yes  

15 FGOALS-g2 Yes Yes     

16 FGOALS-s2 Yes Yes     

17 GFDL-CM3  Yes Yes Yes Yes Yes Yes 

18 GFDL-ESM2G  Yes Yes Yes Yes Yes Yes 

19 GFDL-ESM2M  Yes Yes Yes Yes Yes Yes 

20 GISS-E2-H  Yes Yes Yes Yes Yes  

21 GISS-E2-H-CC Yes Yes Yes Yes Yes  

22 GISS-E2-R  Yes Yes Yes Yes Yes  

23 GISS-E2-R-CC Yes Yes Yes Yes Yes  

24 HADCM3 Yes Yes Yes Yes Yes  

25 HadGEM2-AO Yes Yes Yes  Yes  

26 HadGEM2-CC  Yes Yes Yes Yes Yes Yes 

27 HadGEM2-ES Yes Yes Yes Yes Yes Yes 

28 INMCM4 Yes Yes Yes Yes Yes Yes 

29 IPSL-CM5A-LR  Yes Yes Yes Yes Yes  

30 IPSL-CM5A-MR  Yes Yes Yes Yes Yes  

31 IPSL-CM5B-LR Yes Yes Yes Yes Yes  

32 MIROC4H Yes Yes Yes Yes   

33 MIROC5  Yes Yes Yes Yes Yes Yes 

34 MIROC-ESM  Yes Yes Yes Yes Yes Yes 

35 MIROC-ESM-CHEM Yes Yes Yes Yes Yes Yes 
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36 MPI-ESM-LR  Yes Yes Yes  Yes Yes 

37 MPI-ESM-MR  Yes Yes Yes  Yes Yes 

38 MRI-CGCM3  Yes Yes Yes Yes Yes Yes 

39 NorESM1-M  Yes Yes   Yes Yes 

40 NorESM1-ME Yes Yes    Yes 
 

Table A3: GCM data for climate change impacts on daily maximum wind speed 

No. GCM name nlat nlon No. GCM name nlat nlon 
1 ACCESS1-3 144 192 12 HADGEM2-CC 144 192 
2 BCC-CSM1-1 64 128 13 HADGEM2-ES 144 192 
3 BCC-CSM1-1-M 160 320 14 INM-CM4 120 180 
4 CANESM2 64 128 15 IPSL-CM5A-LR 96 96 
5 CMCC-CM 240 480 16 IPSL-CM5A-MR 143 144 
6 CMCC-CMS 96 192 17 IPSL-CM5B-LR 96 96 
7 CNRM-CM5 128 256 18 MIROC-ESM 64 128 
8 CSIRO-MK3-6-0 96 192 19 MIROC5 128 256 
9 GFDL-CM3 90 144 20 MPI-ESM-LR 96 192 
10 GFDL-ESM2G 90 144 21 MPI-ESM-MR 96 192 
11 GFDL-ESM2M 90 144 22 MRI-CGCM3 160 320 

 

Table A4: CORDEX data availability for East Asia (EAS) domain 

ID GCM RCM combination No. of variables 
1 EAS-44-EC-EARTH-HIRRAM5 7 
2 EAS-44-HADGEM2-AO-HADGEM3-

RA 
6 

3 EAS-44-HADGEM2-AO-RegCM_v4 6 
4 EAS-44-HADGEM2-AO-SNU-

MM5_v3 
6 

5 EAS-44-HADGEM2-AO-SNU-
WRF_v3 

6 

6 EAS-44-HADGEM2-AO-YSU-
RSM_v3 

6 
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Figure A1: CORDEX domain for East Asia (EAS) 
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