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I. INTRODUCTION 
 
A. Background 
 
1. For a landlocked country like Nepal, an effective network of land and air transport is critical 
for moving people and goods to, from, and within the country. In air transport, Nepal is currently 
served by an arrangement of airports, comprising one international airport, the Tribhuvan 
International Airport (TIA) in Kathmandu, and 53 smaller airports spread across the country, 
including Gautam Buddha Airport (GBA) in the Terai region. 
 
2. The Government of Nepal plans to improve the civil aviation sector that is vital to the 
country’s economic development by addressing current challenges and deficiencies, such as low 
handling capacity that limits aircraft landing and take-offs and insufficient parking slots at aprons, 
particularly during peak hours. Other issues such as inefficient airside facilities and overcrowded 
terminal buildings also need to be addressed to meet the air traffic demand, which is projected to 
increase further. 
 
3. The increasing demands are envisaged to be handled through (i) more efficient use of the 
available areas within the existing TIA premises, and (ii) distribution of the concentrated 
international air traffic to other airports. To address these issues, the Civil Aviation Authority of 
Nepal (CAAN) has prepared the TIA master plan for infrastructure improvement up to 2028 with 
the assistance of the Asian Development Bank (ADB). The master plan aims to enhance the 
safety and efficiency of aircraft operations and to increase the airside capacity. 
 
4. The TIA is presently the only international gateway for passenger and goods traffic by air 
in Nepal. The TIA international terminal serves 30 international airlines that connect 15 countries 
and is also the largest domestic airport, handling 10 domestic airlines. The volume of air traffic in 
the TIA has increased significantly since 1998, and despite some unavoidable disruptions in 
recent years, the TIA achieved an average growth of 15% per annum, reaching about 
32,400 international aircraft movements in 2019. On average, the TIA handles about 340 take-
offs and landings per day. The present airside facility has a capacity of handling 1,350 passengers 
per hour, which occasionally peaks to around 2,200 passengers. With increased demand, the 
capacity of airside facilities and terminals is severely stretched. A steady annual increase of 3%–
5% in air traffic is expected in the next 10 years. 
 
5. The GBA is located in Bhairahawa (Lumbini) district in the southern Terai region of Nepal. 
The initiative to upgrade the GBA to international standard is driven by the need to distribute the 
concentrated air traffic at TIA and to meet the increasing tourism demand in Lumbini. Currently, 
an ADB-assisted project is underway that includes the construction of a runway with taxiway, an 
international terminal building, apron, control tower, and other auxiliary buildings.  
 
B. Concept of Climate Risk and Vulnerability 
 
6. Global warming and climate change. Scientific evidence shows that the warming of the 
global climate system is very clear—global average temperatures are higher than they were in 
past centuries and continue to increase. As a result, seas and oceans are warming, polar ice caps 
and high Himalayan glaciers are melting, sea levels are rising, and weather patterns are more 
varied and extreme. According to the Intergovernmental Panel on Climate Change (IPCC), 
temperatures will be higher on average, more incidents of record hot weather will increase, 
precipitation levels and flooding risks will be higher, and more frequent and more severe extreme 
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weather events are projected to increase with climate change. 1 
 
7. Climate risk is the potential for adverse consequences on lives, environment, and 
infrastructure, and is a joint result of the interaction of hazard, exposure, and vulnerability. Climate 
vulnerability is the degree to which a system is susceptible and unable to cope with adverse 
impacts of climate change and that depends on the degree to which a system is (i) exposed to 
significant climatic variations (exposure), and (ii)  susceptible (sensitivity) to climate variability and 
extremes (footnote 2). The various terms and terminologies used in climate vulnerability 
assessments are defined in Appendix 1 of this report. 
 
8. In general, risks posed by extreme events across Nepal include extreme heat, riverine 
floods, flash floods, landslides, glacial lake outburst floods, landslide dam outburst floods, and 
cyclonic thunderstorms. Many of these are observed to be on the rise. Depending on the location 
of the investment project, any of the extreme weather events, either simultaneously or in isolation, 
have the possibilities to produce severe disastrous impacts on project infrastructure and 
operations.  
 
9. Airport assets and operations are directly exposed and sensitive to many different types 
of hazards and weather events, some of which are highly likely to be exacerbated by climate 
change. These events that used to be rare now occur more frequently and it is imperative that 
any investment project be aware of the risks and prepare for resilience at the onset of project 
design. Thus, climate risk identification is necessary to ensure that airport assets with climate 
risks have adequate risk mitigation or adaptation measures in place.  
 
C. Climate Change Policy of Nepal: Goals, Targets, and Key Provisions  
 
10. The main goal of the Climate Change Policy of Nepal (2011) is to improve the livelihoods 
of the general populace by (i) mitigating and adapting to the adverse impacts of climate change, 
(ii) adopting a low-carbon emissions socioeconomic development path, and (iii) supporting and 
collaborating in the spirit of the country’s commitments to regional and international agreements 
related to climate change.2 
 
11. The climate change policy adopts a two-pronged approach in relation to adaptation and 
mitigation to address adverse impacts of climate change. However, the policy stresses 
adaptation, stating that Nepal has to implement adaptation programs. While the climate change 
policy does not explicitly mention or outline procedures on “mainstreaming climate change 
adaptation” in development planning, projects and programs are required to consider climate 
change in all activities related to development planning and programs. The following broad 
priorities and programs are envisaged to achieve the national climate change goals and 
objectives: 
 

(i) climate adaptation and disaster risk reduction; 
(ii) low carbon development and climate resilience; 
(iii) access to financial resources and utilization; 
(iv) capacity building, local participation and empowerment; 
(v) research; 

 
1 Intergovernmental Panel on Climate Change. Special Report: Global Warming of 1.5 ºC.; 

https://www.ipcc.ch/sr15/#:~:text=An%20IPCC%20special%20report%20on,and%20efforts%20to%20eradicate%2
0poverty.https://www.ipcc.ch/sr15/#:~:text=An%20IPCC%20special%20report%20on,and%20efforts%20to%20era
dicate%20poverty. 

2 Government of Nepal. 2011. Climate Change Policy. Unofficial translation. 

https://www.ipcc.ch/sr15/
https://www.ipcc.ch/sr15/
https://www.ipcc.ch/sr15/
https://www.ipcc.ch/sr15/
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(vi) technology development, transfer, and utilization; and 
(vii) climate-friendly natural resource management. 

 
D. Climate Risk and Vulnerability Assessment Report Structure 
 
12. The structure of this report is as follows: 

• Section II: Brief overview of the project background and context, description of the 
proposed project, and details of the methodology adopted for the climate risk and 
vulnerability assessment (CRVA); 

• Section III: Review of baseline, observed trends, and projected future trends of 
principal climate variables in the project locations of Kathmandu and Lumbini; 

• Section IV: Outline of risks and vulnerability to climate and identified natural 
hazards followed by specific focus on project components most vulnerable to 
impacts of climate change; 

• Section V: Key findings and climate change adaptation measures undertaken in 
the design of specific project components most vulnerable to impacts of climate 
change and includes estimates of incremental cost compared with the business-
as-usual designs; and 

• Section VI: In line with the methodology, contains a summary of consultations with 
stakeholders centering on relevant project issues.   
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II. PROJECT DESCRIPTION 
 
A. Project Corridor 
 
13. Nepal is a topographically complex country situated in the Himalayan mountain range that 
exhibits an extremely wide range of climates within a short latitudinal distance, ranging from 
tropical in the south to alpine in the north. A recent climate zoning study3 focusing on scientific 
station network design, as well as studies examining the effects of climate change in terms of 
shifting climatic boundaries and vegetation in highly sensitive environments, identifies Nepal into 
at least eight distinct climatic zones (Figure 1). Nepal’s extreme range of climatic zones 
demonstrates the geophysical complexity and diversity of the country.  
 
 

Figure 1: Modified Koppen–Geiger Climate Classification Map of Nepal 

 
 
   Source: R. Karki et al. 2015. New Climate Classification of Nepal. 

 
14. The CAAN plans to invest in infrastructure enhancement projects in key airports to create 
an enabling environment in support of Nepal’s long-term economic prospects. The current 
capacity of airside facilities and terminals at the TIA is already severely stretched and the airport’s 
tight location in the heart of Kathmandu city does not permit expansion beyond the current airport 
boundary. To meet the increasing air traffic demand, the TIA master plan for infrastructure 
development envisages more efficient utilization of the available areas within the existing TIA 
premises and distribution of the international air traffic load of TIA to other airports, which includes 
the GBA in Lumbini.  
 
15. By the above climate classification, the investment projects fall in two climatic zones 
defined as (i) Cwa for the TIA in Kathmandu, and (ii) Aw for the GBA in Bhairahawa (Lumbini). 
The climate zone Cwa is a temperate climate type, whereas Aw is tropical savannah climate type. 
The differentiation of these climatic zones can be appreciated in terms of the differences in 
monthly average temperature and precipitation given in the baseline climate diagrams in section 
III. 

 
3 R. Karki et al. 2015. New Climate Classification of Nepal. Theoretical and Applied Climatology. 125. pp. 799–808. 

https://www.semanticscholar.org/paper/New-climatic-classification-of-Nepal-Karki%20Talchabhadel/332f11d1c04be5a8c02b011e41d01a7e2cf18528
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16. Understanding of exposure to natural hazards is a fundamental prerequisite to 
understanding the vulnerability to climate change of a specific location. A risk profile identifies 
(i) the various types of natural hazard events that could occur in a particular location, (ii) the 
probability that events of varying severity will occur, and (iii) the consequences of those events. 
A web tool, ThinkHazard, highlights the likelihood of different natural hazards in a region (basin) 
with risk levels categorized as very low, low, medium, and high.4 The hazard levels provided by 
the tool are based on published hazard data from private, academic, national, and public 
organizations. 
 
17. For Nepal, the ThinkHazard tool provides information on prevalent hazards and levels of 
risks at the region (basin) level and in relation to the project locations. Table 1 illustrates a 
summary for (i) Bagmati Basin where the TIA is located, and (ii) Lumbini Basin where the GBA is 
located. Risks of specific natural hazards will vary widely from region to region and also within a 
region as natural hazards are influenced by the location-of-interest’s geophysical characteristics 
and local environment. The information provided in Table 1 is generic at a basin level and not 
project-specific. Section IV of this report discusses the nature and severity of relevant climate 
hazards based on the geographical location of the project.  
 

Table 1: Prevalent Hazards and Risks at Basin (Region) Levels 

Hazards 
Basin Level Risks 

Bagmati Lumbini 

1. Landslide High High 

2. Wildfire High High 

3. Earthquake Medium Medium 

4. Extreme Heat Medium High 

5. Urban Flood Low Low 

6. Cyclone Low Low 

7. Water Scarcity Low High 

8. River Flood Low Low 
Source: ThinkHazard Nepal Report. 

 
B. Project Outline 
 
18. The proposed project for which an ADB loan has been requested is intended to help 
develop crucial additional infrastructures at the TIA such as the extension of the taxiway and the 
construction of domestic apron areas aside from numerous other associated works related to 
embankment stability, drainage, and access roads (Figure 2). The major (civil) project works for 
the TIA are outlined in Table 2. 
  

 
4 ThinkHazard is a web-based online tool developed for informational purposes by the Global Facility for Disaster 

Reduction and Recovery. http://thinkhazard.org/en/report/175-nepal. 

http://thinkhazard.org/en/report/175-nepal
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Figure 2: Project Plan for Tribhuvan International Airport, Kathmandu 

 
Source: Civil Aviation Authority of Nepal. Section 6, Employer’s Requirements, Bidding Document for 
Procurement of Works. 

 
Table 2: Major (Civil) Project Works, Tribhuvan International Airport 

A. Construction of Hangar Aprons  
and Associated Works 

B. Extension of Parallel Taxiway  
toward Runway-02 End and Associated Works 

1. Embankment construction with earth retaining 
structures 

2. Construction of rigid pavement for hangar aprons 
3. Supply installation testing and commissioning of 

apron flood lighting system  
4. Taxiway pavement construction with subgrade, 

subbase course, base course, and asphalt 
concrete 

5. Supply installation testing and commissioning of 
taxiway lighting system  

6. Associated access road construction  

7. Associated drainage construction  

1. Embankment construction with reinforced earth wall 
and/or earth retaining structures 

2. Taxiway pavement construction with subgrade, 
subbase course, base course, and asphalt concrete 

3. Supply installation testing and commissioning of 
taxiway lighting system  

4. Associated perimeter road construction  
5. Associated drainage construction  
6. Runway and taxiway side strip  
7. Water supply system  
8. Airport security fencing 

Source: Civil Aviation Authority of Nepal. Section 6, Employer’s Requirements, Bidding Document for Procurement of 
Works. 

 
19. The proposed project will also take up construction of a new international terminal building 
at the GBA. A Google Earth image (2 February 2020) showing the layout of GBA is in Figure 3. 
 

Figure 3: Gautam Buddha Airport International Terminal Building Layout 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Google Earth. 
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C. Rationale of Climate Risk and Vulnerability Assessment 
 
20. As stated in section I.C, the Climate Change Policy of Nepal has the objective of improving 
livelihoods of the general populace by mitigating and adapting to the adverse impacts of climate 
change. To achieve this national objective, one priority action is “climate adaptation and disaster 
risk reduction,” which invariably would imply that hazards and risks arising from long-term and 
acute effects of climate change be examined, and where economically feasible, adequate risk 
mitigation and adaptation measures be taken into account.  
 
21. Since 2010, ADB has defined its priorities for action that include assisting developing 
member countries in climate-proofing of projects to ensure that their outcomes are not 
compromised by climate change and variability or by natural hazards in general. It is known that 
climate-related disasters such as floods, storms, droughts, and heat waves are on the rise 
worldwide. In the long run, climate change is bound to produce more severe hazards and threats 
to infrastructure. Therefore, tackling climate change impacts involves strengthening and or 
improving upon current standards and practices aimed at building resilience to looming changes 
due to a warming planet. 
 
22. A climate risk management approach has been adopted by ADB in an increasing 
significant number of investment projects, which recognizes that development is about lasting 
benefits. A climate risk and vulnerability assessment (CRVA) is mandated to be undertaken during 
the project preparation phase to (i) examine climate change events and risks, and (ii) ensure that 
ensuing technically and economically feasible adaptation measures are given due consideration 
in the design of various components of a project. In essence, the CRVA is a collaborative process 
aimed at informing project teams and stakeholders about future climate risks that can affect the 
performance of an investment project. Based on the level of climate change risks for the project 
and the adaptation measures incorporated in the project design, the associated climate change 
adaptation costs need to be determined.  
 
D. Scope, Methodology, and Limitations 
 
23. Climate change vulnerability levels are influenced by variables such as geographic 
location, the local environment, and the ability of local authorities to respond to events as well as 
to adapt their assets in advance. Due to constant exposure to various elements of nature, airport 
infrastructure and operations are vulnerable to different types of weather conditions, and 
vulnerability is likely to increase as a result of climate change and extreme weather events. It is 
essential to be aware of the risks posed by increasingly frequent and intensified extreme weather 
events at the onset of any new project. 
 
24. The broad objectives of this CRVA are (i) to assess the exposure, sensitivity, and adaptive 
capacity of the investment project to climate risks; and (ii) to examine climate-risk adaptive 
interventions to build resilience. This CRVA applies to both the TIA and GBA where under an ADB 
loan, infrastructure upgrades as outlined in Table 2 are planned to be undertaken.  
 

1. Scope  
 
25. The scope of this CRVA covers the assessment of climate-related hazards and associated 
risks and vulnerabilities at the TIA and GBA. This CRVA report will deal in part as brief narrative 
descriptions with regards to objective (i), while the main focus deals with objective (ii), which is to 
narrow down the deliberations to climate change adaptive measures envisaged for the project 
and to disclose their associated incremental costs, if any. 
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2. Methodology 
 

26. Desk reviews. A growing number of reports and analyses done by government 
organizations, international agencies, and research faculties draw attention to the impact of 
climate change on infrastructure integrity and performance and recommendations in terms of 
adaptation measures. Most of these references are available online. Some desk resources 
currently available for the project include the following: 
 

(i) Section 6: Employer’s requirements, bidding document for procurement of works, 
CAAN for  
(a) extension of parallel taxiway toward runway-02 end and associated works 

at TIA, and 
(b) construction of hangar aprons and associated works at TIA; 

(ii) Detailed design report, airside infrastructure, TIA; Rev. 0, ADP Engenierie, June 
2017; and 

(iii) Hydrology and Design Drainage Report for GBA, May 2019. 
 

27. Stakeholder consultations. Although climate change has the potential to produce new 
kinds of hazards and threats in the future, a first step in climate proofing involves tackling current 
climate impacts by strengthening and or improving upon the already known deficiencies. As 
stakeholders possess first-hand knowledge about the extent to which climate stressors affect or 
can affect the project, consultations with CAAN is necessary for information on wide-ranging 
perspectives on climate change and vulnerabilities in the project locations. Experts and engineers 
involved in the design of civil structures related to the project can provide substantive information 
and analysis for vulnerabilities and adaptive capacity information. A desk review followed by 
stakeholder consultations is needed to develop a comprehensive CRVA report. 
 

3. Limitations 
 
28. Due to the complexity and uncertainty of the factors that define climate risks and 
vulnerabilities, particularly at a project scale, climate proofing can be a challenging activity. Being 
a relatively young field of study, climate proofing has gaps in currently available guidance 
materials and information resources to facilitate climate proofing of investment projects within the 
region.5 
 
29. As climate factors manifest their effects in a multitude of ways, there will certainly be a 
large number of important qualification and limitation issues in relation to the presentation of this 
vulnerability assessment and the application of adaptation strategies. It must be noted that at 
present, there is no clear and universally adopted methodology to model the adverse effects of 
climate change and its integration in infrastructure design procedures.  
  

 
5 ADB. 2011. Guidelines for Climate Proofing Investment in the Transport Sector. Road Infrastructure Projects. Manila.  

https://www.adb.org/sites/default/files/institutional-document/32772/files/guidelines-climate-proofing-roads.pdf
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III. CLIMATE CHANGE IMPACTS ON THE PROJECT SECTOR AND/OR SUBSECTORS  
 
A. Baseline Climate 
 
30. The baseline climate for Kathmandu and Bhairahawa showing typical climate patterns and 
expected conditions (temperature and precipitation) is presented in Figure 4. The diagrams are 
derived from Meteoblue and are said to be based on 30 years of hourly weather model 
simulations. 6 The simulated weather data have a spatial resolution of approximately 30 kilometers 
and may not reproduce all local weather effects such as thunderstorms, local winds, or cyclones. 

 
Figure 4: Monthly Average Temperature and Precipitation for Tribhuvan International 

Airport  and Gautam Buddha Airport by Location 
A.  TIA, Kathmandu B.  GBA, Bhairahawa 

  
GBA = Gautam Buddha Airport, mm = millimeter, TIA = Tribhuvan International Airport. 
Source: Meteoblue. 

 
B. Observed Average Temperature and Precipitation Trends 
 
31. According to the International Centre for Integrated Mountain Development based in 
Nepal, the warming trend in the Himalayas is higher than the global average, which is a cause for 
concern. 7  Depending on future global warming and the climate change trends in various regions 
of Nepal, transportation modes and related infrastructure assets could be affected by one or 
several simultaneous changes in climatic conditions. Climate change impacts are expected to 
manifest in more severe consequences arising from increased frequency and intensity of weather 
events. 
 
32. The Department of Hydrology and Meteorology of the Government of Nepal analyzed 
available climate data from 1971 to 2014, and published the observed climate trends of Nepal in 
June 2017.8 The observed trends have been assessed for maximum temperature and minimum 
temperature and precipitation, with data collated from 92 climate stations scattered throughout 
the country. 
 
33. For the whole country of Nepal, both the annual maximum temperature trend and the 

 
6 MeteoBlue is a meteorological service created at the University of Basel, Switzerland in cooperation with the U.S. 

National Oceanic and Atmospheric Administration and the National Centers for Environmental Prediction. 
www.meteoblue.com. 

7 Climate Change in the Hindu Kush- Himalayas; The Current Knowledge, ICIMOD Kathmandu, Nepal, 2011; 
www.icimod.org. 

8 Government of Nepal, Ministry of Population and Environment. 2017. Observed Climate Trend Analysis of Nepal 
(1971–2014). June. 

http://www.meteoblue.com/
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annual minimum temperature trend were observed to be significantly positive, increasing at 
0.056°C/year for maximum temperature and 0.002°C/year for minimum temperature. At both 
district and physiographic levels, seasonal and annual maximum temperature trends 
demonstrated the following pattern in relation to altitude: (i) negative trend or small positive trend 
in lower altitude districts and/or regions, and (ii) larger positive trend in higher altitude districts 
and/or regions. The trend analysis revealed that the Terai region exhibits the lowest positive trend 
(0.036°C/year) and the High Himalayas has the highest positive trend (0.072°C/year), which 
indicated an increase in maximum temperature with elevation. 
 
34. Significant precipitation trends were observed only in a few districts of Nepal in pre-
monsoon and in monsoon precipitation, while winter and post-monsoon precipitation trends were 
insignificant in majority of the districts. In physiographic regions, only pre-monsoon precipitation 
showed significant positive trend in the High-Himalayan region. In other seasons, precipitation 
trends were insignificant in all physiographic regions.  
 
35. The number of annual rainy days (rainfall greater than 1 millimeter [mm] in a day) showed 
positive trend in almost all districts, with 12 districts showing significant positive trend at 95% 
confidence level. However, three districts show significant negative trend in the number of rainy 
days. District-level trends of very wet days (days with annual daily rainfall > 95th percentile) 
showed decreasing trend in most of the districts, with 17 districts indicating significant negative 
trend at 95% confidence level. Only two districts indicated significant increasing trend at 95% 
confidence level. 
 
C. Trends in Daily Climatic Extremes of Temperature and Precipitation 

  
36. Daily temperature data in Nepal for 36 years (1971 to 2006) and precipitation data for 46 
years (1961–2006) were analyzed for trends using specially designed software, RClimDex.9 A 
network of stations were chosen to encompass all climatic zones of the country as far as possible.  
 
37. General increasing trends were observed in the temperature extremes. Most of the 
temperature extreme indices showed a consistent different pattern in the mountainous region and 
the Terai belt. The trend is of relatively higher magnitude in the mountainous region. In majority 
of the districts, extreme warm days (percentage of days when maximum temperature > 90th 
percentile) were observed to be increasing significantly, including warm spell duration (annual 
count of days with at least 6 consecutive days when maximum temperature > 90th percentile). 
 
38. The precipitation extremes showed an increasing trend in total and heavy precipitation 
events at most of the stations. About 73% of the stations exhibited an increase in the annual count 
of days when precipitation was greater or equal to 50 mm. Trend analysis of monthly maximum 
1-day precipitation showed that 65% of stations exhibited increasing trend at most of the stations. 
The results are significant in the sense that there is circumstantial evidence of likely more intense 
precipitation in the future. The cited report notes complex processes in precipitation extremes and 
at the same time indicates that more weather-related extreme events like floods and landslides 
can be expected in the future. 
 
D. Future Climate Projections  
 
39. In a 2003 study of climate change for Nepal by the Organisation for Economic  

 
9 S. K. Baidya et.al. 2008. Trends in Daily Climatic Extremes of Temperature and Precipitation in Nepal. Journal of 

Hydrology and Meteorology. Vol. 5, No. 1. March. 
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Co-operation and Development (OECD), several general circulation models (GCM) developed 
since 1995 indicated significant and consistent increases in temperatures for the years 2030, 
2050, and 2100 across the various climate models run on the IPCC B2 SRES scenario.10 
Increases in temperatures were observed to be higher for the winter months than the summer 
months. Climate models also projected an overall increase in annual precipitation. However, the 
OECD study notes that given the high standard deviation, the results for annual precipitation 
should be interpreted with caution. The signal, however, is somewhat more pronounced for the 
increase in precipitation during the summer monsoon months (June, July, and August). The GCM 
projections are shown in Table 3. 
 
Table 3: General Circulation Model Estimates of Temperature and Precipitation Changes 

for Nepal 

Year 

Temperature Change (°C) Mean  
(Standard Deviation) 

Precipitation Change (%) Mean  
(Standard Deviation) 

Annual DJF JJA Annual DJF JJA 

Baseline Average    1433 mm 73 mm 894 mm 
2030s 1.2 (0.27) 1.3 (0.40) 1.1 (0.20) 5.0 (3.85) 0.8 (9.95) 9.1 (7.11) 
2050s 1.7 (0.39) 1.8 (0.58) 1.6 (0.29) 7.3 (5.56) 1.2 (14.37) 13.1 (10.28) 
2080s 3.0 (0.67) 3.2 (1.00) 2.9 (0.51) 12.6 (9.67) 2.1 (25.02) 22.9 (17.89) 

DJF = December, January, February, JJA = June, July, August, mm = millimeter. 
Source: Organisation for Economic Co-operation and Development. 

 
40. The above climate change projections for Nepal used the B2 scenario from among a family 
of emissions scenarios called the Special Report on Emissions Scenarios that formed the basis 
for the IPCC’s assessment reports prior to 2007. The B2 scenarios represent continuously 
increasing but slow rate of population growth and intermediate levels of economic development 
(footnote 10). 
 
41. The IPCC Fifth Assessment Report (IPCC AR5 2013) introduced climate change 
projections for a range of representative concentration pathways (RCP) based on different 
greenhouse gas (GHG) emissions scenarios developed to capture uncertainty of the scale of 
future economic activity and the global response to reducing emissions. 11 The four scenarios are: 
 

• RCP2.6 – Major GHG mitigation scenario (421 ppm CO2 by 2100); 

• RCP4.5 – Some GHG mitigation, stabilisation scenario (538 ppm CO2 by 2100); 

• RCP6.0 – Some GHG mitigation, stabilisation scenario (670 ppm CO2 by 2100); 
and 

• RCP8.5 – Very high GHG emissions scenario, little effort to reduce emissions (936 
ppm CO2 by 2100). 

 
42. RCP8.5 is otherwise referred to as the “business as usual” scenario, whereas the RCP4.5 
and RCP6.0 scenarios both assume some reductions in GHG emissions. RCP2.6 is quite an 
ambitious scenario, and while considered “plausible,” it is not considered realistic for strategic 
planning purposes. 
 
43. The World Bank Climate Change Knowledge Portal (CCKP) supports the analysis of 

 
10 Organisation for Economic Co-operation and Development. 2003. Development and Climate Change in Nepal: Focus 

on Water Resources and Hydropower. https://www.oecd.org/env/resources/19742202.pdf.  
11 Anthropogenic and Natural Radiative Forcing, Climate Change 2013, The Physical Science Basis, IPCC; 

https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter08_FINAL.pdf 

 

https://www.oecd.org/env/resources/19742202.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter08_FINAL.pdf
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climate change using multimodel ensembles (collection of large number of systems that are 
macroscopically identical but microscopically different) that represent the range and distribution 
of the most plausible projected outcomes of climatic variables.12 The CCKP employs the Coupled 
Model Intercomparison Project, Phase 5 (CMIP5) model with data presented at a 1°x1° global 
grid spacing and provides options to visualize climate variables and indices for different 
timeframes, statistics, and RCP scenarios.  
 
44. For the TIA and GBA improvement project, the climate variables of interest that the project 
civil works design team may consider are future outlooks on (i) projected change (anomaly) in 
daily maximum temperature (Tmax), and (ii) projected change in daily maximum precipitation, i.e., 
the largest single day precipitation per month or year relative to a reference period. The diagrams 
in Figure 5 are taken from the CCKP and only two RCP scenarios for RCP4.5 (medium–low 
emissions) and RCP8.5 (high emissions) for the project locations are presented. 
 
Figure 5: Projected Changes in Temperature and Rainfall at Kathmandu and Bhairahawa  

Scenarios 

Kathmandu  
(TIA location 27.69ºN 85.35ºE) 

Bhairahawa  

(GBA location 27.51ºN 83.42ºE) 

P
ro

je
ct

e
d

 C
h

an
ge

 in
 M

ax
im

a 
o

f 
D

ai
ly

 T
m

a
x
 

R
C

P
 4

.5
  

(M
e

d
iu

m
–L

o
w

 

Em
is

si
o

n
s)

 

  

R
C

P
 8

.5
  

(H
ig

h
 E

m
is

si
o

n
s 

Sc
e

n
ar

io
) 

  

P
ro

je
ct

e
d

 C
h

an
ge

 in
 

M
ax

im
u

m
 D

ai
ly

 R
ai

n
fa

ll 
 

(c
o

m
p

ar
e

d
 t

o
 1

9
8

6
–2

0
0

5
) 

R
C

P
 4

.5
  

(M
e

d
iu

m
–L

o
w

 E
m

is
si

o
n

s)
 

  

 
12 World Bank Climate Change Knowledge Portal. https://climateknowledgeportal.worldbank.org/country/nepal/ 

climate-data-projections.  

 

https://climateknowledgeportal.worldbank.org/country/nepal/%20climate-data-projections
https://climateknowledgeportal.worldbank.org/country/nepal/%20climate-data-projections
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GBA = Gautam Buddha Airport, RCP = representative concentration pathway, TIA = Tribhuvan International Airport, 
Tmax = daily maximum temperature. 
Source: World Bank Climate Change Knowledge Portal. 
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IV. CLIMATE RISK AND VULNERABILITY ASSESSMENT 
 
A. Hazards and Risk Levels at Project Locations 
 
44. Table 1 outlined prevalent hazards and levels of risks in the Bagmati Region of Nepal 
where the TIA is located and in Lumbini Region where the GBA is located. As hazards and levels 
of risks vary considerably within a basin, the geophysical characteristics and the local 
environment at the project locations rule out many of the hazards listed in Table 1.  Earthquake 
hazard has also been indicated as medium in both project locations but falls outside the scope of 
the CRVA since civil works involved for the TIA are only pavement and drainage work, while the 
GBA has not been affected by the last earthquake so it is not a risk for the GBA. Nevertheless, 
both airports are built based on the national earthquake code. Based on existing literatures and 
studies as well as stakeholder’s consultations, landslides, wildfires, and cyclones pose no or low 
risk to both the TIA and GBA.  
  
45. The understanding of climate hazards and their relationship to project assets forms the 
basis of climate resilience decision-making and is discussed in subsequent paragraphs. Project-
specific risks based on desk reviews and stakeholder’s feedback for the TIA and GBA locations 
are narrowed down to those arising from extreme heat and extreme precipitation as indicated in 
Table 4.  
 

Table 4: Project-Specific Climate Hazards and Levels of Risks 

Climate Hazards 
Project Level Risks 

TIA GBA 

1. Extreme heat and/or heat wave Medium High 

2. Extreme precipitation and surface runoff Low Medium–High 

3. River flood and/or flash flood as a result of extreme 
precipitation 

Low Medium–High 

GBA = Gautam Buddha Airport, TIA = Tribhuvan International Airport. 
Sources: Consultant’s estimates, desk reviews and stakeholders’ meetings. 

 
B. Vulnerabilities of Project Assets to Climate Hazards 
 
46. The proposed project at the TIA entails numerous civil constructions as outlined in Table 
2. Civil works items (i) A(4) and B(2) for the taxiway, and (ii) A(6) and B(4) for roads involve the 
construction of completely new flexible pavement structures. The distinction between 
runway/taxiway pavements and road pavements is that airport pavements have more stringent 
requirements than road pavements. The risks posed by pavement distress in airport pavements 
can be grave since the performance of the pavement is critical to the safe operation of aircraft. 
As such, adherence to International Civil Aviation Authority (ICAO) guidelines for pavement 
design concerning pavement thickness and bearing strength is important aside from the need to 
address climate vulnerability concerns, such as impacts by extreme temperature and increased 
precipitation and moisture. 
 
47. The ICAO has developed international standards and recommended practices to facilitate 
and improve air safety and efficiency, one aspect of which includes airport pavements. This 
aspect concerns the design, evaluation, and maintenance of pavements, and reporting of bearing 
strength, which the CAAN would be fully aware of as the project implementing agency. With 
reference to climate change, ICAO’s Climate Adaptation Synthesis Report advises anticipation of 
and adaptation to impacts of climate change to ensure a reduction in the magnitude of 



15 

 

consequences of climate change.13 According to the ICAO, adaptation to climate change may 
take the form of specific actions or projects, and adaptation strategies will need to incorporate 
climate risks into their future planning, such as for airport development and design. 
 

1. Extreme Temperature 
 
48. Flexible pavement (termed “flexible” because they are intended to deform vertically under 
load and then rebound to their original shape and level when the load is removed) is constructed 
in several layers. Their performance is influenced by a host of factors such as (i) environment 
factors including climate change, (ii) load factors, (iii) structural design factors, (iv) construction 
factors, and (v) maintenance factors. The life of flexible pavement is most sensitive to total 
pavement thickness, the bearing capacity of the underlying layers (CBR), gross weight or load 
applied on it, and softening of pavement by ingress of water (moisture) into the structural layers. 
 
49. High temperatures and prolonged periods of heat waves can impact runway and taxiway 
pavement integrity as exhibited in surface failures by softening, and in aircraft traffic-related rutting 
and cracking. It is also recognized that oxidation and the action of ultraviolet radiation cause 
excessive hardening of the asphalt close to the pavement surface and the material becomes 
brittle over time. Higher temperatures are known to speed up the oxidation process, which makes 
the pavement material more vulnerable to cracking, and diurnal temperature fluctuations generate 
thermal tensile stresses, which cause crack initiation and propagation. 
 
50. The top exposed “surface” layer is usually composed of strong, durable, and impermeable 
asphalt, which is a conglomerate mixture of coarse and fine aggregates, bitumen, fillers, and 
probably some additives. The material that holds asphalt together is bitumen, which is liquid at 
high temperature and a brittle solid at low temperature. A bituminous surface treatment known as 
the seal coat forms a protective wearing surface and also acts as waterproof layer to protect 
underlying layers. The level of exposure of the bitumen film to the atmosphere, the ultraviolet 
radiation levels, and the temperature of the surface cause the bitumen to oxidize, become more 
brittle, eroded, and lose the ability to adhere the aggregate materials together. 
 
51. The baseline annual mean maximum temperature is about 32°C for Kathmandu and 43°C 
for Bhairahawa as depicted in Figure 4. In Figure 5, climate change projections for the TIA and 
GBA under RCP4.5 (medium–low emissions scenario) for the 2020–2039 horizon are around 
1.5°C above current levels. The highest ever recorded temperature for TIA at Kathmandu is 
36.6°C on 7 May 1989 during the period 1968–2018, and 45.2°C on 3 May 1995 for GBA at 
Bhairahawa during the period 1970–2018.14   
 
52. In Table 4, the risks from extreme heat are determined as medium for TIA and high for 
GBA. The risk levels are interpreted under ThinkHazard as follows: (i) Medium – a 25% chance 
that at least one period of prolonged exposure to extreme heat, resulting in heat stress, will occur 
in the next 5 years; and (ii) High – prolonged exposure to extreme heat, resulting in heat stress, 
is expected to occur at least once in the next 5 years. 
 

2. Extreme Precipitation and Surface Runoffs 
 

 
13 International Civil Aviation Organization. 2018. Climate Adaptation Synthesis Report, 2018. https://www.icao. 

int/environmental-protection/Pages/Climate-Adaptation.aspx.  
14 Government of Nepal, Department of Hydrology and Meteorology. Climate Files.  http://www.dhm.gov.np/uploads/ 

climatic/727801496Annual%20Extreme%20Temperature.pdf. 
 

http://www.dhm.gov.np/uploads/%20climatic/727801496Annual%20Extreme%20Temperature.pdf
http://www.dhm.gov.np/uploads/%20climatic/727801496Annual%20Extreme%20Temperature.pdf
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53. It is known that moisture can have a significant detrimental effect on the performance and 
bearing capacity of pavement structures. Excess moisture presence in pavement structures 
combined with heavy aircraft wheel loads usually results in accelerated pavement distresses. This 
in return will accelerate crack propagation in the top surface layer, which will then allow for surface 
water infiltration to the pavement layers below. Although significant damage may not occur from 
short-duration exposure to extreme precipitation, the highly likely increased frequency and 
intensity of extreme precipitation events expected with climate change can lead to increased rates 
of damages. 
 
54. Beneath the surface layer of a flexible pavement, which is to be water tight, are other 
layers—the base, subbase, and subgrade with various thicknesses and material composition. The 
base layer is the principal structural component of the flexible pavement and has the major 
function of distributing the imposed wheel loadings to the pavement foundation, the subbase, and 
subgrade. In terms of composition, (i) the base is usually composed of strong free-draining 
manufactured materials; (ii) the subbase has moderate strength, free-draining natural materials; 
and (iii) the subgrade can be naturally occurring (in situ soil) or improved material. With extreme 
precipitation and or prolonged days of incessant precipitation, the water table may rise to the 
pervious base or subbase or it may be high enough to supply capillary water to the base and 
subbase in considerable quantities, thus increasing the chances of pavement failures. 
 
55. Precipitation extremes in terms of (i) increased frequency and intensity, and (ii) prolonged 
incessant days of rainfall are one of the major factors that trigger disasters such as uncontrolled 
surface runoffs and floods. Section III.C mentioned that precipitation extremes showed increasing 
trends at most of the meteorological stations of Nepal, and majority of the stations exhibited an 
increase in the annual count of days with precipitation ≥50 mm. The annual extreme one-day 
rainfalls recorded15 were (i) 177 mm on 23 July 2002 for TIA at Kathmandu during the period 

1968−2018, and (ii) 266.5 mm on 3 August 1998 for GBA at Bhairahawa during the period 

1970−2018.  
 
56. In Table 4, the risks due to extreme precipitation and the consequential surface runoff and 
flooding are rated Low for TIA and Medium–High for GBA. The risk levels are interpreted under 
the ThinkHazard tool as follows: (i) Low – a chance of more than 10% of a potentially damaging 
and life-threatening flood occurring in the coming 10 years; (ii) Medium – a chance of more than 
20% that a potentially damaging and life-threatening floods occur in the coming 10 years; and (iii) 
High – potentially damaging and life-threatening floods expected to occur at least once in the next 
10 years.  
 
57. A large area of the TIA and GBA are composed of impervious surfaces and heavy 
precipitation events can lead to surface water runoffs and accumulation of water in certain areas, 
resulting in localized flooding problems, particularly if drainage conditions are inadequate. 
Currently, the runoffs from the airport facilities, including runways and taxiways, are conveyed to 
perimeter stormwater drains. Additional new constructions such as rigid pavements for hangar 
aprons, flexible pavements for new taxiway, access and airport perimeter roads at the TIA, and a 
new terminal building at the GBA will add up to the impervious area and their rainfall runoffs 
possess high probability of overwhelming the current drainage systems. 
 

3. Extreme Precipitation and River Flooding 

 
15 Government of Nepal, Department of Hydrology and Meteorology. Climate Files. http://www.dhm.gov.np/uploads/ 

climatic/1181103799ANNUAL%20EXTREME%20RAINFALL.pdf. 
 

http://www.dhm.gov.np/uploads/%20climatic/1181103799ANNUAL%20EXTREME%20RAINFALL.pdf
http://www.dhm.gov.np/uploads/%20climatic/1181103799ANNUAL%20EXTREME%20RAINFALL.pdf
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58. The impacts of flooding on the operation of an airport take many forms, the most obvious 
of which is the disruption of air traffic. Even if a runway is clear of water, damage to airport 
infrastructure such as landing lights, radar and navigation installations, and communications 
networks will also inhibit the passage of aircraft. Flooding of airport terminals, emergency power 
installations, and interterminal transport routes will also disrupt operations and shut down airports. 
Furthermore, flooding of access roads and transport networks surrounding the airport can also 
lead to downtime for an airport. This in itself can cause severe economic losses in terms of 
passenger and freight traffic. 
 
59. Observations of the general landscape of the TIA reveal the airport to be located on fairly 
elevated ground relative to the general topography of Kathmandu city. Bagmati, the main river 
passing through Kathmandu, has a history of overflowing its banks and flooding the city during 
monsoon, but has no reported impact on the TIA primarily due to the airport’s distance from the 
river course and its elevated topography.  
 

 
General landscape of Tribhuvan International Airport. Aerial view of Tribhuvan International Airport in 
Kathmandu, Nepal. The airport was originally known as Gauchaur Airport. It was inaugurated in 1955 by 
King Mahendra and renamed Tribhuvan Airport, which later on became Tribhuvan International Airport in 
1964 (photo by ADB). 

 
60. Observations of the general landscape of the GBA reveal the airport to be located on flat 
terrain (Terai region) flanked by two streams, the Ghagra and Tinau, on the western side of the 
airfield. The Ghagra stream is seen diverted from its natural course where it is given a 
perpendicular turn at almost midway of the airport length, and then made to follow a channel 
contouring almost one-quarter of the total airfield perimeter. The Tinau stream seems to follow its 
natural course but is quite close to the westmost end of the airfield.  
 
61. The two rivers that flank the lower end of the GBA are small and originate from the lesser 
Himalayas (Siwalik or Churia hills as called in Nepal) whose morphology is characterized by 
severe erosion in the hill slopes, excessive sediment load, wide and braided channels, and high 
peak flows. Short duration intense rainfalls generate high peak runoffs (floods) that are amplified 
by factors like steep slope and hence less time of concentration, deforestation, and untenable 
land use practices. The Churia hills terrain is prone to landslides and formation of landslide dams 
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and outbreaks whose impacts can be disastrous downstream, particularly to the Ghagra and 
Tinau streams. River beds get deposited by sediment load that accumulate year by year, making 
the river levels rise progressively. It is well known that the dynamics of riverine flooding vary with 
terrain. 
 

 
General landscape of Gautam Buddha Airport. The airport is flanked by the Ghagra and Tinau streams. 
The Ghagra stream is seen diverted from its natural course with a perpendicular turn at almost midway of 
the airport length; the Tinau stream seems to follow its natural course but is quite close to the westmost 
end of the airfield. (Google Earth, 2 February 2020). 

 
62. For Nepal, a rainfall intensity of 350 mm in 48 hours is considered as high intensity rainfall 
(Sharma 1988). In addition, rainfall exceeding 70 mm per hour is considered as cloudburst rainfall 
(Gyawali 2011). Precipitation events exceeding 375 mm in 24 hours have been recorded in 
different parts of the Terai during 1959–1993,16 which are almost double of that stated earlier 
(section B.2), where a rainfall measurement of 266.5 mm in one day was recorded on 3 August 
1998 during the period 1970–2018 for Bhairahawa where the GBA is located. The two streams 
have the potential to cause major damages to airport facilities if adequate flood defense works 
are not carried out. 
 
  

 
16 Hydro Nepal. 2013. Issue No. 12. January. 

Gautam Buddha Airport 
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V. PROPOSED MANAGEMENT AND ADAPTATION ACTIONS 
 
A. General 
 
63. Adaptation. Adapting to climate change involves adjusting to actual (current) and 
expected future adverse impacts with the goal to reduce vulnerabilities to climatic risks. Climate 
change is likely to modify actual risk levels and therefore challenges design guidelines and 
procedures for the operation and maintenance of the airport infrastructure. For existing 
infrastructure, adaptation measures can be considered as part of planned maintenance or repairs. 
The measures should be chosen to ensure that adequate safety is achieved during the 
(remaining) service life of the structure.  
 
64. Climate change adaptation can be seen as a combination of short-term and long-term 
measures. For relatively short life-cycle assets, long-term climate changes may be viewed as less 
challenging since the life cycle is shorter than the time it takes for significant changes in 
temperature or precipitation to occur. However, this concept may not apply for airports that are 
very sensitive to even the minutest form of disruption. Also, short life-cycle assets are bound to 
face and must withstand extreme weather events during its design life, and hence need to be 
adequately designed for structural integrity to withstand any adverse impacts. 
 
65. Short-term climate change adaptation measures call for improved maintenance practices:  
 

(i) Preventive maintenance management where visible deteriorations of the airport 
runway and/or taxiway pavements in the form of asphalt pavement cracks, ruts, 
potholes, deformations, and drainages are monitored regularly and remedied 
immediately before they have a serious impact on the safety of the airport.  

(ii) Adaptive maintenance management that plans incremental adaptation actions 
to be implemented over short timescales based on gradually increasingly reliable 
knowledge of climate change impacts. This takes care of climate change impacts 
iteratively and reduces the risk of committing to expensive investment at the 
beginning of the project cycle. 

 
B. Identified Climate Change Adaptation Measures 
 

1. Tribhuvan International Airport, Kathmandu 
 
66. Two major types of climate-related risks to transport infrastructure are those driven by 
long-term changes in temperature and precipitation. Extreme weather events either as a result of 
natural variability or arising from anomalies of a future climate under global warming have the 
potential to accelerate deterioration of infrastructure. The TIA project entails various civil 
structures and associated installations, most of which are vulnerable to extreme climate events, 
and where the structural integrity and functional efficiency of project assets rest on the ability to 
endure the test of time.  
 
67. Pavement bitumen. Bitumen is one of the most important constituents of an asphalt 
mixture and directly relates to the performance of pavement. Experience has shown that 
penetration grade bitumens such as 40/50, 60/70, and 80/100 all tend to harden within a short 
time. With improvements in bitumen manufacturing technology in the region in recent decade, 
viscosity grade bitumens are available and increasingly put to use as paving bitumen to meet 
varying maximum temperature stresses, and have greatly improved workability, deformation 
resistance, and potential hardening in service. Table 5 shows the recommended viscosity-based 
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bitumen according to varying maximum temperature stresses. 
 

Table 5: Recommended Bitumen Grades by Temperature 
Grade Average Maximum Air Temperaturea 

VG10 < 30 

VG20 30–38 

VG30 38–45 

VG40 >45 
VG = viscosity grade. 
a  Average maximum air temperature is the 7-day average maximum air temperature for a period not less than 5 

years from the start of the design period. 
Source: Indian Standard, Paving Bitumen Specification, Fourth Revision, BIS-2013. 
(https://www.mrpl.co.in/sites/default/files/Indian_Standard_Specification_For_Petroleum_Products-2019.pdf).  

 
68. For the TIA pavement works, the VG30 is recommended in lieu of the penetration grade 
80/100 (or equivalent viscosity grade VG20) because of the discussed climate risks and 
vulnerabilities. The increase in cost arising is about 2.76% above business-as-usual (BAU) cost. 
The cost details are given in Table 6. 
 

Table 6: Climate Change Incremental Cost – Pavement Bitumen 

 
BAU = business-as-usual, m3 = cubic meter, NPR = Nepalese rupee/s, sqm = square meter, VG = viscosity grade. 
Source: Civil Aviation Authority of Nepal. 

 
69. Drainage. Earlier discussion mentioned the intensity of the extreme precipitation events 
which are highly likely to increase with global warming. The concept of “return period” is widely 
used in engineering to communicate the scale of risk, and is the expected frequency of any climate 
event. For the estimation of runoffs from airports, a maximum rainfall expected to occur at least 
once in 5 years is the general practice according to the US Federal Aviation Administration 
(FAA).17 The FAA circular argues that damage that may be caused by greater storms is insufficient 
to warrant the increased cost of drainage system large enough to accommodate a storm expected 
once in a period longer than 5 years. 
 
70. Although the extent to which extreme precipitation events will become more prevalent is 
still uncertain, airport planning must take into consideration the climate change events as those 
impacts can range from minor damage to the complete destruction of a part of the airport 

 
17 Federal Aviation Administration, Department of Transportation. 2013. Advisory Circular No. 150/5320-5B. 18 May. 

https://www.mrpl.co.in/sites/default/files/Indian_Standard_Specification_For_Petroleum_Products-2019.pdf
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infrastructure arising from inadequate drainage. Thus, in the light of uncertainties particularly with 
climate change, a 10-year frequency has been adopted in the current project drainage design to 
reduce the likelihood of flooding of airport facilities. The increase in cost as a result of 16% 
increase in hydraulic capacity is about 6.57%. The details of costs are given in Table 7. 
 

Table 7: Incremental Cost of Drainage Design for Tribhuvan International Airport 

 
BAU = business-as-usual, m = meter, mm = millimeter, NPR = Nepalese rupee/s, sqm = square meter. 
Source: Civil Aviation Authority of Nepal. 

 
71. Airport drainage systems in the region have notably justified the use of design storm 
frequencies appreciably higher than the Federal Aviation Administration’s minimum criteria to 
protect important facilities, with some portions of drainage based on as high as 50-year design 
frequency. Fortunately for the TIA, a master plan with a 20-year planning horizon has been 
developed that includes airport drainage improvements to be implemented in phased manner. 
The master plan maintains flexibility for change and envisages incremental development of the 
airport’s drainage systems to meet future conditions, based on (i) gradual understanding of all 
contributing factors to drainage problems, and (ii) experiences drawn from satisfactoriness of 
installed drainages within the airport premises. 
 

2. Gautam Buddha Airport, Lumbini 
 
72. Table 4 on climate risk levels indicates high risk to extreme heat rating for the GBA. In 
terms of airport operation and maintenance and safety, the main risk posed by high temperatures 
relates to exposed and sensitive assets such as runway/taxiway pavements. Adaptation 
measures for heat resilience and pavement integrity are outside the scope of the GBA project, 
which entails only the construction of a terminal building. Nonetheless, extreme heat and heat 
waves are a cause of concern for human thermal comfort utilizing the services of the terminal 
building and for sensitive airport equipment that require indoor temperature control such as the 
year-round HVAC (heating, ventilation, and air conditioning) systems.  
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73. Table 1 indicates that the region of Lumbini where the GBA is located to be highly 
susceptible to water scarcity. Water scarcity is often a localized predicament, but climate change 
has the potential to increase the odds of worsening water scarcity in a number of ways. Foremost 
are the extreme high temperatures that accelerate evaporation from soils, making periods of low 
precipitation drier. In a warmer future climate, the impacts of water scarcity on airport operations 
can be devastating. 
 
74. Section IV B.3 discussed the possibilities of flooding by two streams, the Ghagra and 
Tinau that flank the airport, putting most of the facilities, including the new international terminal 
building envisaged under the current project, under substantial risks. According to CAAN, this 
hazard has been mitigated with river training and protection works, which are already being 
undertaken to protect the airport facilities.  
 
75. On the other hand, impervious surfaces are bound to increase with more infrastructures 
being built in the GBA, where heavy precipitation events can lead to surface water runoffs and 
accumulation of water in certain areas, resulting in localized flooding problems. Currently, the 
design of the international terminal building is in progress and the design of drainage in the 
periphery of the building is said to be based on a 10-year rainfall frequency, according to the 
project hydrology report. Considering the importance of the terminal building, the location of the 
airport in a heavy monsoon zone, and the 2017 episode of total airport flooding of Biratnagar 
which is located in a similar climatic zone (Figure 1), the inadequacy of drainage in coping with 
the runoffs resulting from heavy rainfall is a matter of concern. 
 
76. Drainage. Taking a 50-year storm design rather than a 10-year frequency would increase 
the hydraulic capacity of stormwater drains by around 15%, although in terms of cost, this would 
be about 5%–6% more. CAAN confirmed during the fact-finding mission held in June 2020 that it 
will adopt the 50-year design frequency as recommended in this CRVA. As for the terminal 
building itself, the ground floor level (+/_ 0.00) is proposed at about 1.0 meters higher than the 
average road level. This high plinth is proposed to mitigate flood waters from entering the terminal 
building. 
 
77. Table 8 estimates the cost for concrete-lined drains for GBA under the following 
assumptions: (i) plot of TIA drainage cost data (item 1.2 of Table 8) as a function of the common 
logarithms of return periods, resulting in the equation y = 2,1447ln(x) + 93832, R2 = 1; and (ii) 
scaled to 50-year return period for a total length of 1,000 meters of storm water drainage system 
as estimated in the GBA Design Concept Report.18  The exact figures would only be available 
once the detailed design is finalized. Taking a 50-year storm design rather than a 10-year period 
would increase the hydraulic capacity of drains by around 30%, and in terms of cost; this would 
be about 12% more. 
 

Table 8: Incremental Cost of Drainage Design for Gautam Buddha Airport 

 
BAU = business-as-usual, GBIA = Gautam Buddha International Airport, m = meter, NPR = Nepalese rupee/s. 
Source: Civil Aviation Authority of Nepal. 

 
18 Civil Aviation Authority of Nepal. Design Concept Report, Contract No: CAAN/NPP/GBAUP-IU/ICS for T-2/01/075-

76, Gautam Buddha Airport Terminal T-2 Project, National Pride Project. 
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78. Since the proposed project is only for the construction of the new international terminal 
building as outlined in Table 2, CAAN has been requested to re-look at existing drainage around 
the GBA and to upgrade where necessary to 50-year design frequency to improve resilience and 
better adapt to climate change. 
 
79. Rainwater harvesting system. An alternate strategy is the utilization of rainwater 
harvesting techniques, which attenuate the pressure on stormwater drainage systems imposed 
by volumes and peaks of runoffs from impermeable surfaces such as rooftops of buildings during 
extreme weather events. A carefully designed water harvesting system for GBA buildings will 
significantly (i) diminish the impacts of extreme storm events envisaged to be exacerbated under 
climate change, (ii) capture the benefits of prolonged periods of rainfall during monsoons, and (iii) 
help optimize sustainable water utilization for airport operations. A roof-based water harvesting 
system usually provides a much cleaner source of water free from sediments and pollutants. 
 
80. Future developments in the GBA are bound to significantly increase water demand for 
airport operations. Water harvesting is a sustainable water management practice now widely 
adopted in the aviation industry. A water harvesting system reduces climate change vulnerability 
in terms of localized flooding and drought, and provides a much cleaner source of water free from 
sediments and pollutants, which is fit for domestic consumption during periods of dry spells and 
low water supply. Furthermore, auxiliary water demand for air-conditioning and firefighting 
systems can benefit from this environmentally friendly measure.  
 
81. A preliminary estimate of costs based on roof-based water harvesting from the airport 
terminal building and car park is given in Table 9. The cost estimates are based on 16,960 square 
meters of harvestable roof area and climate change adjusted rainfall intensity of 45.5 mm/hour, 
which yield a total discharge of 0.15 cubic meters/second. The total cost is estimated to be about 
NPRs21.6 million or equivalent to $180,550 given in Appendix 3 of this. It is expected that the 
detailed design team currently working on the GBA project would undertake a thorough 
assessment and design of the water harvesting system. Adequately sizing the harvesting system 
is critical to optimizing the operation because undersizing would result in a system unable to 
provide sufficient, reliable source of water while oversizing would simply increase the capital costs 
incurred with limited marginal benefits.  
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Table 9: Estimate of Costs of Water Harvesting for Gautam Buddha Airport 

 
Dia – diameter, GBIA = Gautam Buddha International Airport, INR = Indian rupee, kg = kilogram, m = meter, m3 = cubic 
meter, mm = millimeter, NRs = Nepalese rupee/s, RCC = reinforced cement concrete, USD = US dollar. 
Source: Consultant’s estimates.  
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VI. STAKEHOLDER CONSULTATION AND GROUND VALIDATION 
 
82. This climate risk and vulnerability assessment is largely a product of desk reviews and 
consultations with stakeholders (section II.D.2 on methodology); because of the current 
coronavirus disease-2019 (COVID-19) situation and restrictions on travel, no ground validation 
was possible. As the repository of first-hand knowledge about the extent to which climate 
stressors affect or can affect airports in Nepal, consultations with experts from CAAN and the 
design team formed the backbone for the collation of information and outlooks on current climate 
risks and vulnerabilities and adaptive capacities.  
 
83. Two sets of questionnaires for the TIA and one set of questionnaires for the GBA were 
sent for responses followed by virtual meetings on 24 June 2020 for the TIA and 25 June 2020 
for the GBA. The virtual meetings provided the opportunity to clarify and discuss many issues in 
the questionnaires that were unanswered and also to share and debate on adaptation measures. 
The inputs from the following officials based in Nepal are acknowledged: 

 
(i) Mr. Murari Bhandari, Project Director, TIA, CAAN  
(ii) Ms. Chandmala Shrestha, Chief, Project Implementation and Coordination 

Section, National Pride Project, CAAN, Project GBA 
(iii) Mr. Dipendra Shrestha, Design Team Leader, TIA Project 
(iv) Mr. Naresh Pradhan, Senior Project Officer (Transport) Nepal Resident Mission, 

ADB 
 
84. The first set of questionnaires for the TIA was intended to uncover current deficiencies 
and problems related to the operation and maintenance of the TIA. The questions covered 
climate-sensitive assets such as pavement and drainage, with the objective that remedial actions 
or improvements that resolve current deficiencies can help build resilience even if not specifically 
targeting climate change. Based on the responses to the first set of questionnaires, the second 
set of questionnaires for the TIA was intended to uncover the methods and principles of design 
adopted in the current project. The project at the TIA entails numerous civil constructions as 
outlined in Table 2 and the questionnaire selected only those project assets vulnerable to climate 
change. The questionnaires are in Appendix 2. 
 
85. For the GBA that has only a single work component under the current project, which is the 
construction of an international terminal building, one set of questionnaires focused on the 
impacts of rainfall and surface runoffs, including the possible impacts of two streams that flow by 
the airport. The issue of the two notable streams, Ghagra and Tinau (Appendix 2, Questionnaire 
in section 3), was discussed and clarified during the virtual meeting on 25 June 2020. 
 
86. With a new international terminal building at the GBA, the potential impacts of increased 
surface water runoffs, accumulation of water, and localized flooding were raised during the 
consultation process. Although the hydrology and drainage design report recommends a 10-year 
design rainfall frequency for the GBA, the August 2017 episode of total airport flooding of 
Biratnagar located in a similar climatic zone has convinced CAAN to look into raising the design 
frequency to a 50-year storm. Due to the current COVID-19 pandemic, the project design team 
(international) was not available to respond to this drainage design upgrade. However, the matter 
will be taken up as a crucial climate change adaptation option to combat the highly likely impacts 
of higher storm frequencies in the Terai region.  
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GLOSSARY OF TERMS AND TERMINOLOGIES ON CLIMATE CHANGE 

The following terms and terminologies used in climate change issues are sourced from the 
International Union for Conservation of Nature.1 
 

Adaptation Adjustment in natural or human systems to a new or changing 
environment is known as adaptation. Adaptation is a process by 
which individuals, communities, and countries seek to cope with 
the consequences of climate change. 
 

Adaptability The ability of a system to adjust to climate change (including 
climate variability and extremes) to moderate potential 
damages, to take advantage of opportunities, or to cope with the 
consequences is known as adaptability. 
 

Adaptation Assessment The practice of identifying options to adapt to climate change 
effects and evaluating them in terms of criteria such as 
availability, benefits, costs, effectiveness, efficiency, and 
feasibility is known as adaptation assessment. 
 

Adaptation Deficits Failure to adapt adequately to existing climate risks largely 
accounts for the adaptation deficit. As climate change 
accelerates, the adaptation deficit has the potential to rise much 
higher unless a serious adaptation program is implemented. 
 

Adaptation to Climate 
Change 

An initiative and measures to reduce the vulnerability of natural 
and human systems against actual or expected climate change 
effects is known as adaptation to climate change. 
 

Climate Change It refers to a statistically significant variation in either the mean 
state of the climate or in its variability, persisting for an extended 
period (typically decades or longer). Climate change may be due 
to natural processes or external forcing or to persistent 
anthropogenic changes in the composition of the atmosphere or 
in land use. 
 

Climate Change Mitigation Strategies and policies that reduce the concentration of 
greenhouse gases in the atmosphere either by reducing their 
emissions or by increasing their capture is known as climate 
change mitigation. 
 

Climate Change Scenario A coherent and internally consistent description of the change in 
climate by a certain time in the future, using a specific modeling 
technique and under specific assumptions about the growth of 
greenhouse gas and other emissions and about other factors 
that may influence climate in the future, is known as climate 
change scenario. A climate change scenario is the difference 
between a climate scenario and the current climate. 

 
1 International Union for Conservation of Nature (IUCN). 2011. Terminologies Used in Climate Change.   

https://www.iucn.org/sites/dev/files/import/downloads/ terminologies_used_in_climate_change_2011.pdf. 

https://www.iucn.org/sites/dev/files/import/downloads/%20terminologies_used_in_climate_change_2011.pdf
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Climate Change 
Vulnerability Assessment 

A range of tools that exist to help communities understand the 
hazards that affect them and take appropriate measures to 
minimize their potential impact is known as climate change 
vulnerability assessment. 
 

Climate Risk The likelihood that the harmful effects will happen is known as 
climate risk or it is a measure of the probability of harm to life, 
property, and the environment that would occur if a hazard took 
place. Risk can also be considered as the combination of an 
event, its likelihood and its consequences, i.e., risk equals the 
probability of climate hazard multiplied by a given system’s 
vulnerability. 
 

Climate Trend The general direction in which climate factors such as average 
annual temperature or rainfall tend to move over time is known 
as climate trend. 
 

Climate Variability Variations in the mean state and other statistics (such as 
standard deviations, the occurrence of extremes, etc.) of the 
climate on all spatial and temporal scales beyond that of 
individual weather events is known as climate variability. 
 

 

Concept of Risk:2 In the context of natural hazards, “risk” not only 
represents the possibility that a hazard event could occur, but 
also its likelihood and consequences. There are many ways it 
can impact a community, from the destruction of property and 
infrastructure to injuries and casualties, to influencing economic 
activity. As can be visualized by the figure on the left, the 
intersection of hazard, exposure, and vulnerability yields the risk 
(Reese and Schmidt 2008). 

 
2 National Institute of Water and Atmospheric Research (NIWA). Risk and vulnerability. https://www.niwa.co.nz/ 

natural-hazards/hazards/risk-and-vulnerability. 

https://www.niwa.co.nz/%20natural-hazards/hazards/risk-and-vulnerability
https://www.niwa.co.nz/%20natural-hazards/hazards/risk-and-vulnerability
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QUESTIONNAIRES 
 
1. Questionnaire Set 1 - TIA 
[Rationale: To uncover current deficiencies and problems related to operation and maintenance of TIA. Note that many 
of the actions that address current development deficiencies can build resilience even if not specifically targeting climate 
change.] 
 
A. Pavement 
(1) Runway Surface Type 

▪ Asphalt          □ 
▪ Concrete         □ 
▪ Others (specify) ………………………………….     □ 
(1.1) Year when last reconstructed / major resurfacing works 

…………………………………………………………………………………… 
(1.2) Method of last reconstruction / major resurfacing  

▪ Full depth         □ 
▪ Partial depth         □ 
▪ Overlay         □ 

 (2) Overall Pavement Quality (current) 
▪ Excellent: (No maintenance required)       □ 
▪ Good: (Minor routine maintenance, minor crack sealing)     □ 
▪ Fair: (Major crack sealing and miscellaneous patching)     □ 
▪ Poor: (Structural improvement and major patching/ repairs needed)    □ 
▪ Failure: (Reconstruction required)       □ 

(3) Severity of cracks (current) 
▪ None: (No cracks)         □ 
▪ Small: (< 1”)          □ 
▪ Medium: (1” – 3”)         □ 
▪ Large: (> 3”)         □ 

(4) Type of cracks (s (example photos would be useful) 
▪ Longitudinal          □ 
▪ Transverse         □ 
▪ Alligator          □ 
▪ All of above         □ 

(5) Pavement Rutting 
▪ None:           □ 
▪ Minimal:          □ 
▪ Moderate         □ 
▪ Many          □ 
▪ Excessive         □ 
 

(Note: Kindly fill out for ‘taxiways’ using the same format as above) 
 
B.   Drainage and Flood Discharge 
 
(1) Has TIA flight operations been hampered due to inundation of runway by rainfall runoffs / water logging, say, 
number of times in an average year? 
▪ Minimal to None          □ 
▪ Occasional: (about 5 incidences a year)      □ 
▪ Frequent: (> 5 incidences a year)       □ 
(2) How would you rate the capacity of the current airport perimeter storm drains to handle not just floodwater from 
rainfall (but also from overflow from surrounding high areas if any)? 
▪ More than Adequate         □ 
▪ Just adequate         □ 
▪ Inadequate         □ 

 
(3) Rate the overall quality of current storm water drains and culverts at TIA? (sample photographs would be useful) 

▪ Excellent: (No maintenance required)       □ 
▪ Good: (only minor maintenance required)       □ 
▪ Poor: (Structural improvement and major repairs needed)     □ 
▪ Failure: (Reconstruction required)       □ 
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(4)  Are the airport buildings and facilities flood-proofed? (i.e., prevent water from entering a building in times of extreme 
rainfall with waterproof barriers) (Yes/No); If Yes, describe in brief the water proofing methods in place) 
…………………………………………………………………………………………………………….. 
 
(5) Have people living in the vicinity of the airport ever complained of uncontrolled storm water runoffs and effluents 
from TIA affecting their surroundings? (Yes/No); If Yes, briefly describe the impacts. If No, what mechanisms are in 
currently in place to control the excess runoffs? 
………………………………………………………………………………………………………………. 
 
C General 
(1) Any advice / recommendations on how to mitigate and or adapt to some of the adverse impacts as outlined in any 
of B1 and B2 above? 
………………………………………. 
 

2. Questionnaire Set 2 - TIA 
 
A. Pavement 

[On mastic asphalt pavement redone in 2019: Note: Improvements to asphalt material specifications, mix design 
methods and compacting asphalt mixtures to optimum density will help improve the quality and durability of asphalt 
mixtures for airport pavements.] 
 
Q(1): On 2019 Pavement Design Method: Which standards / guidelines were followed? List few important ones: 
 
…………………………………………………………………………………………………………… 
…………………………………………………………………………………………………………… 
 
Q(2): Thickness of full depth mastic asphalt? 

Pavement thickness prior to 2019: ……..… mm  
New pavement thickness: …………….. mm 

 
Q(3): Grade of bitumen used?  

Bitumen grade prior to 2019: ………..… VG / Penetration 
Bitumen grade 2019: …………….. VG / Penetration 

 
Q(4): Adopted design life of pavement?  

Prior to 2019: ………………. Years 
Current: ………………. Years 

 
B.   Drainage and Flood Discharge 

[Effective management of airport drainage systems and surface water control is essential if an Airport is to operate 
safely and reliably].  
 
Questions: 
Q(1) Has CAAN or TIA developed an integrated “Storm Drain Master Plan” that analyzes current drainage system 
and what improvements can be made in phased manner?  Yes / No / Planning to:  
 
If ‘Yes’, kindly share with me a soft copy, if possible 
(Remarks on any above) 
……………………………………………………………...……………………………………………………… 
 
Q(2) Considering the importance of the facilities to be developed at the TIA, the degree and reliability of drainage 
cannot be overlooked. For the proposed drainage design and construction, what ‘design frequency’ has been 
adopted? 2, 5, 10, 25, 50, 100-year design storm event? 
 
……………………………………………………………………………………………………………………………………
………………………………………………………………..………………… 
 
Q(3) With reference to previous questionnaire Q(4) on ‘flood-proofing of airport facilities’, has there been any 
incidences of overland (sheet flow) flood waters entering airport facilities such as terminal buildings, hangars, etc? 
(Note: not from the roof as responded to earlier) 
……………………………………………………………………………………………………………………………………
…………………………………………………………………………………… 
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Q(4) With reference to the TIA image 
shown and a downward arrow 
indicated below:   
(a) Is this a type of retention basin? 
i.e. a recessed area within the TIA 
landscape used to store and retain 
the runoff, thus allowing for 
evaporation and percolation: Yes / No 
 
If ‘No’ what is it? 

……………………………………………………………………… 
 
(b) If ‘Yes’, is the storage volume adequate to attenuate peak discharge rates under current climatic conditions? Yes 
/ No 
 
………………………………………………………………………………………………………….. 
 
(c) If ‘No’ to (a) and (b) above, is uncontrolled release of flood runoff from the depression a cause of concern to 
downstream settlements? 
…………………………………………………………………………………………………………… 
 

3. Questionnaire Set 1 - GBA 
 
[With reference to two Google-Earth images of the GBA premises, one for 17 May 2017 and one for 2 Feb 2020. The 
concerns are: 
 
(i) There are two notable streams, Stream 1 and Stream 2 that pose potential risks to the safe operation of the airport. 
Given the location in the Terai region of Nepal, such streams are renowned to be very sensitive to extreme rainfall 
events and or continuous days (incessant) rainfall in their respective catchments which have the potential to create 
disastrous consequences downstream; flash-floods say. 
 
(ii) In terms of relative elevations of topography, the bed level of stream 2 seems at least 1 to 1.5 m above the runway. 
Here, I could be wrong as my judgment is based on Google earth elevation profile. But I could also be right considering 
that a fairly high embankment wall has been constructed along the left bank of Stream 2 halfway along the full length 
of runway that diverts Stream 2 flow as shown in the images. This structure is intended to protect the airport runway 
but then if one looks at those images closely; there was a breach in the embankment in 2017 or earlier that resulted in 
an overflow of flood and debris across the mid-section of the runway. Am I correct here? There is a noticeable blockage 
of the Stream 2 flow that could have triggered the breach? 
 

• I raise the above concerns solely because of the potential risks posed by the two streams, and mainly by 
Stream 2, to the GBI airport facilities, the terminal building, hangars and aprons, taxiways, runways etc. and 
further will overwhelm the airfield’s storm drainage system: 

• Protection / Defense against current as well as anticipated risks is a necessary consideration that must be 
made at the onset 

 
Questions:  
Q1: What are your opinions on risks and impacts by the two streams, notably by Stream 2? 
Q2: Are the comments that I have made above valid? 
Q3: If valid, what are the official plans? (The breached area seems not repaired. Looks like a quarry of sort with 
 a road diagonally cutting across the debris delta) 
Q4: If no plans exist, what extra protection measures do you think would be necessary? 
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TENTATIVE ESTIMATES – ASSUMPTIONS AND SOURCES OF INFORMATION 
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