
Rural Roads Improvement (RRP CAM 42334) 
 

Climate Change Adaptation Component 
 
1. In the context of the ADB Sustainable Transport Initiative and commitment towards 
addressing climate change in its Strategy 2020, ADB has been developing a number of pilot 
projects to develop knowledge and replicable models in developing member countries on how to 
climate proof transport projects and programs. This project in Cambodia represents one of 
those case studies and the only one in Southeast Asia. The aim has been to incorporate 
concerns about climate change impacts into project design in order to reduce the damages 
caused to planned and existing transport infrastructure and affected areas. Overall methodology 
and lessons learned are being incorporated into the development of guidelines which can be 
replicated elsewhere. 
 
2. The levels of intervention to climate proof transport projects include, as shown in Figure 
1: (i) engineering or structural adjustments, such as adjusting drainage; (ii) planning and 
ecosystem based approaches, such as improved natural flood management or re-alignment; 
and (iii) do-nothing. A combination of these types of activities are ideal as part of a 
comprehensive climate-proofing adaptation strategy. In addition, policy level reforms are 
needed, such as prioritizing activities in particularly vulnerable areas, reviewing alignment to 
avoid flood prone areas, and introducing screening criteria to include climate change. 

 
Figure 1: Nature of adaptation options in the transport sector 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. The main transport Project specifically aims to rehabilitate and pave 505.4 kilometers of 
rural roads of 5–6 meters in width to improve rural connectivity to paved national and provincial 
road network. The total loan amount is $65.4 million, out of which ADB finances $35 million, with 
co-financing from Korea Export-Import Bank (KEXIM) for civil works in the amount of $19.35 
million in addition to government co-financing. The proposed budget for the adaptation 
component of this project is a USD $5.4 million grant from Nordic Development Fund (NDF). 
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4. The Project has 4 major components; (i) civil works component; (ii) road asset 
management component, dealing with asset management capabilities of the Ministry of Rural 
Development (MRD); (iii) road safety and safeguards component; and (iv) climate change 
adaptation component, which deals with climate change and emergency management activities. 
The following describes the framework for the adaptation strategy within the project.  
 

A. Climate change impacts on Cambodian Rural Roads 
 

5. A rapid climate change assessment of adaptation needs was undertaken during the fact 
finding Mission in October 2009 including a field visit to an affected portion of the project area. 
Existing climate change projections supported by field observations highlight two major 
concerns related to current and future climate changes. Specifically, there appears to be an 
overall increase in average total annual rainfall and, this increase is poorly distributed over 
seasons, resulting in increased floods during the rainy season as well as increased drought 
incidence during the dry season. Droughts are significant especially for unpaved roads as dust 
levels increase and reduce visibility and create poor local air quality. Flooding and soil moisture 
content is a primary concern for protecting investments in roadworks and will be addressed as a 
priority in the adaptation strategy.  
 
6. A second fact-finding mission took place in March 2010 and visited all of the proposed 
road sections. On this mission, three potential priority road areas were identified based on 
observations because of their apparent vulnerability and historical damages from climatological 
and hydrological events. These are: 
 
 Khampong Thom: Existing damages to the road, including washouts, are primarily due 

to flooding from typhoon Ketsana in September 2009, though they were in poor condition 
prior to the typhoon. Today, segments of the road are impassible. During the dry season, 
dust from road traffic on unpaved rural roads is observed and could worsen if warming 
continues and droughts deepen, which current projections seem to suggest. Together 
with diarrhea, acute respiratory infections are the top reasons for infant mortality and 
managing dust levels can reduce respiratory illnesses. Poor environmental management, 
such as slash and burn increase vulnerability of the area as well. The main project will 
be paving this road segment which will reduce dust in dry months but could increase 
runoff to surrounding area during rainy seasons. Measures to manage this increased 
runoff, especially with increased peak rainfall events and storms, will be part of the 
adaptation measures. This implies building in additional risk assumptions into the 
engineering design, which carries an important cost and has been incorporated into the 
project design already and is not part of the proposed NDF financed work. 

 
 Khampong Speu: Segments of the road appear to be eroded possibly from flash 

flooding. Unlike other parts of the project road, there is no irrigation and only wet season 
rice farming and livestock. Vegetative covers are extremely low and slash and burn 
agriculture appears to be practiced. High levels of environmental degradation make this 
area particularly exposed to climate changes. 

 
 Pursat: Embankment erosion is evident and a small river may be eroding sections of the 

road in some segments. This may in part be due to improper flood-water release timing 
by an upstream damn which is sending large volumes of water downstream. The level of 
the road is very low road which may flood during rainy season. Current drainage 
capacity is poor though a new irrigation project underway which should assist in better 
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managing water resources. Increased coordination with the Ministry of Water on the 
timing of water releases is important. 

 
7. The proposed adaptation strategy therefore includes a combination of engineering, non-
engineering and planning activities to manage the changes observed and predicted in the 
Project area. The engineering changes have been mainstreamed in the project design itself for 
Khampong Thom in view of mainstreaming adaptation into core development planning activities. 
These include elevation of the road in areas where major flooding is becoming increasingly 
common and changing the selection of sub-grade materials to withstand higher moisture 
contents. However, other adaptation activities which are outside of the scope of the Project may 
be more difficult to finance and implemented within the existing scope and it is on these 
activities that the NDF co-financing will be focused. In addition, an expansion of civil works 
adjustments to other road segments of the Project in Khampong Speu and Pursat as identified 
above would be beneficial and will be tested within the limits of the project financing available. 
 
8. Coordination with other donor funded adaptation activities will be important at the onset 
of this Project. In particular, initial discussions have taken place to ensure that there is little 
overlap with the Pilot Program for Climate Resilience (PPCR), which could potentially raise 
approximately $60 million for adaptation across the country and will be overseen by the World 
Bank, ADB, International Finance Corporation and United Nations Development Programme. 
Because it is a more comprehensive program, its start up and design time will take more time. It 
is proposed then that this NDF financed climate-proofing component emphasize testing practical 
approaches in the field where good practices can be taken up by the PPCR program. Also, 
through other activities funded through the Global Environment Facility, such as the National 
Adaptation Program of Action and National Communications, a significant amount of 
assessment work has taken place. The government has expressed a desire to move towards 
implementation now. This NDF financed component will build on existing assessments, in some 
cases fill is some gaps with the purpose of informing follow-up activities on the ground. The 
majority of NDF resources then would be directed towards planning and ecosystem approaches, 
in Figure 1. To further support coordination efforts, the Project will provide updates to the 
National Climate Change Coordination Committee. 
 

B. Climate Change Adaptation Component Activities 
 
9. The climate change adaptation component of this Project will seek to strengthen the 
overall objective of the Project to improve rural road mobility. It will do so by: 

 Protecting the road infrastructure from the impacts of climate change and, 
 Ensuring that the road infrastructure does not increase the vulnerability of the 

surrounding area to climate change. 
 
10. The adaptation activities fall under two outcomes: outcome 1: Improved planning for 
rural road infrastructure development by MRD to accommodate climate changes and, outcome 
2: Increased resilience of road infrastructure to climate changes. 
 
11. Outcome 1: Improved planning for rural road infrastructure development by MRD to 
accommodate climate changes. A draft outline for the vulnerability mapping is attached in 
Annex I. This outcome will include:  

 
1.1. Prepare vulnerability maps for rural roads due to climate change to improve 

planning for climate changes, including potential climate change downscaling; 
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1.2 Identify potential adaptation options and prioritize them, using, for example, an 
economic analysis of climate-proofing measures, including engineering and non-
engineering adjustments, to support the decision making process; 

 
1.3 Review the sustainability and capacity of current engineering designs, standards 

and guidelines to withstand climate changes; 
 
1.4 Develop and implement training and curricula for the Ministry of Rural 

Development and at the university level for engineering students; and  
 
1.5 Help MRD to establish a climate change adaptation office with adequate staff too, 

to be trained under this NDF-financed component. Here, 5 field vehicles will be 
procured for the use of the office, and continue sustainable operations even after 
the Project is completed. 

 
(This outcome will have several types of equipment for each of the five activities, to be 
procured during activity implementation, like computers, printers, fax machines, office 
furniture and equipment, Global Positioning System units, related software, overhead 
projector, etc.) 
 

12. Outcome 2: Increased resilience of road infrastructure to climate changes, as below: 
 
2.1 Green planning: design and implement ecosystem-based adaptation strategies 
focusing on environmental/green planning for project roads to improve flood and drought 
management (i.e. increasing ground cover and infiltration of floods and water retention 
during droughts, which has the added co-benefits of improving rural livelihoods by 
improving the soil structure for agriculture). In this activity it will plant climate change 
resilient trees along road embankments of all Project roads with selected grass and 
biomaterials, which will be a labor intensive program supporting female based 
employment for gender mainstreaming in the project provinces. The activity should 
happen after the roads have been paved, thus not obstructing such roadworks, during 
the rainy season; and 
 
2.2 Develop and test a pilot local early warning system and a pilot program for 
emergency management planning for rural roads. In short, this will provide a fully 
equipped emergency management center (including a back up mobile unit), with early 
warning systems installed in key locations, and emergency management systems in 
place like appropriate communication, emergency and rescue equipment and vehicles, 
with trained personnel to manage the center (response teams, medical teams etc). 

 
(This outcome will have several types of aforementioned equipment to be procured 
during activity implementation.) 
 

13. The Ministry of Environment has just completed a detailed climate change downscaling 
exercise with support from Bogor Agricultural University in Indonesia. The results from this 
exercise will be available in mid-2010 and will provide useful information for the development of 
vulnerability maps, for example. An assessment of any gaps will be made first to assess 
whether additional information needs to be generated in order to focus the implementation of 
subsequent activities. Some potential areas for further work include hydrological modeling and 
ecosystem modeling. For instance, the hydrology around Khampong Thom is poorly understood 
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yet the road infrastructure appears to be located in an area highly vulnerable to floods. A gap 
analysis will be used to first identify areas where further work is needed and capacity building. 
 
14. Activities in support of early warning systems will also be developed following 
consultations with NGO Networks who have been active at the community level in implementing 
community response plans to disasters. Some of these include the International Development 
Enterprise and the Center for Study and Development of Cambodian Agriculture. A National 
Committee for Disaster Management has also been established since 1995 but focuses 
primarily on disaster response and capacity is limited. 
 
15. The emphasis of the proposed actions under this proposal is on implementing measures 
on the ground-which reduce the vulnerability of rural roads under repair as well as ensure that 
these new developments do not inadvertently increase vulnerability. The engineering design 
and standards will be influenced by this Project though implementation of engineering changes 
themselves may be beyond the scope of the budget. Instead the Project will work to improve 
understanding of how civil works may change, will adjust planned rural developments by the 
Ministry and will pilot ecosystem based measures which reduce the vulnerability of the 
investment and surrounding area. Examples of these include bioengineering, land-cover 
increases, shade providing species, switching plant species to droughts and heat tolerant 
species, erosion control measures and upstream water management. 
 

C. Cost Estimate 
 
16. Since the component is financed by NDF as a grant, the cost estimate covers the 
consulting services and equipment purchase for the entire component. It is envisaged that 48 
person months of international consultants and 94 person months of national consultants will be 
needed to complete the activities of the component. 

 
Table 1: Cost Estimate 

Item Cost ($) 
 1. Consultants 1,408,000 
  a. Remuneration and Per Diem  
   i. International Consultants 960,000 
   ii. National Consultants 188,000 
  b. International and Local Travel 160,000 
  c. Reports and Communications 100,000 
 2. Equipment 1,512,000 
  a. Fully equipped emergency management center 1,000,000 
  b. Computers, copiers, printers, GPS, software etc 112,000 
  c. Office furniture (other than a. above) 100,000 
  d. Field vehicles (5) for climate change operations 300,000 
 3. Green planning 1,400,000 
 4. Training, Seminars, and Conferences 200,000 
  a. Facilitators 100,000 
  b. Training Program 100,000 
 5. Surveys 200,000 
 6. Miscellaneous Administration and Support Costs 80,000 
 7. Contingencies  600,000 
    Total 5,400,000 

GPS = global positioning system 
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D. Implementation Arrangements 
 
17. The component will be administered by NDF, with close coordination with the other 
project activities and under technical supervision and approval with ADB. Recruitment of the 
consultants will be done by NDF and all ADB member countries will be eligible for the services. 
NDF will enter into a grant agreement with MRD, the executing agency, who will conduct the 
consulting recruitment under NDF supervision, and will enter into contract with the selected 
consulting firm/individual consultant, as necessary. MRD will coordinate with the grant recipient, 
the Ministry of Economy and Finance, and other relevant agencies for efficient implementation. 
All the consultants of the component should coordinate with the advisory facility available at 
ADB, as described in para. 8 above. 
 
18. The international team leader of the selected consulting firm/individual consultant team 
will lead all experts while his national counterpart will be the deputy, who will be engaged during 
the entire 33-months of implementation period of this NDF-financed component. The deputy will 
lead the team during the absence of the team leader. The team leader will be responsible for 
coordination of all activities within the component and with other ADB and KEXIM financed 
components, through MRD. 
 

E. Outline Terms of Reference (TOR) for Consultants 
 
19. The selected consulting firm/individual consultant's team will execute the tasks, but not 
limited to, detailed in the TOR below.  
 

Table 2: Outline Personnel Inputs of Consulting Services 

Consultants team Activity Contribution 
Person-
months 

International   
A1 Team Leader/Adaptation Specialist 1.1; 1.2 (lead);1.4 (lead); 1.5 

(lead); 2.1 
20 

B1 Climate Change Economist  1.2 (lead), 1.3, 2.2 2 
C1 Climate Change Modeler  1.1 (lead), 1.3, 2.2 6 
D1 Climate Change Impacts and Hydrology Specialist 1.1, 2.1, 2.2 4 
E1 Emergency Management Specialist 2.2 (lead) 6 
F1 Road Engineer 1.3 (lead), 2.2  10 
 Subtotal  48 
   
National    
A2 Deputy Team Leader/Adaptation Specialist  33 
B2 Climate Change Economist  1.2, 1.3, 2.2 4 
C2 Climate Change Modeler  1.1, 1.3, 2.2 8 
D2 Climate Change Impacts and Hydrology Specialist 1.1, 2.1, 2.2 6 
E2 Emergency Management Specialist 2.2  8 
F2 Road Engineer 1.3, 2.2  24 
G Vulnerability and Environment Specialist 1.2,1.3, 1.4, 2.1 (lead) 8 
H Geographic Information System Specialist 1.1, 1.2, 2.2 3 
 Subtotal  94 
 Total   142 

 



 

 

7

1. Adaptation Specialist and Team Leader (1 International and 1 National, as Deputy 
Team Leader) 

 
(i) Objective/Purpose of the Assignment: The Team Leader will coordinate the 

overall adaptation component as well as lead in the delivery of a number of 
activities (1.2, 1.4, 1.5) and contribute substantively to others (1.1, 2.1). A 
national specialist will assist the international specialist for all activities. 

 
(ii) Scope of the Work: The specialists' objective is to lead the identification and 

prioritization of adaptation options in the context of the project during detailed 
design, and to work with the detailed design team to integrate these (1.2). 
Further, the specialists will lead in the development and delivery of training to the 
MRD as well as curriculum development for the school of engineering (1.4). The 
specialists will also serve as the coordinator of this adaptation project component 
and the project team and contribute substantively to the design and 
implementation of the overall adaptation component, particularly activities 1.1 
and 2.1. Apart from the above, the team leader should assist MRD to procure 
equipment necessary for each activity of the entire component, as stated in paras. 
11 and 12 and outlined in Table 1. 

 
(iii) Detailed tasks to be performed by the consultants: 

 
Coordination functions: 
1. Develop and oversee the detailed work-plan and budget for the implementation 

of the adaptation component of the Project  
2. Synthesize vulnerability and impact information collected by other members of 

the team and prepare final input and reports 
3. Ensure coordination with other planned and ongoing adaptation activities 
4. Monitor and report on the work progress 

 
Adaptation Assessment: 
5.  Identify all potential adaptation solutions, including soft and hard measures and 

the costs and benefits of these 1  (with assistance from the Climate Change 
Economist and the Vulnerability and Environment Specialist) 

6.  Conduct multi-stakeholder consultations to identify and confirm all adaptation 
options, including their costs, benefits and risks 

7.  Lead the prioritization of adaptation measures and options for the Project jointly 
with MRD and the detailed design team to provide an economic assessment of 
adaptation options and to define co-benefit for other aspects of development 

8.  Incorporate selected adaptation priorities into the project design and vulnerability 
mapping exercise, including institutional arrangements and budget 

 
Training and Capacity Development: 
9. Identify any additional capacity building needs required for the project 

implementation unit 
10.  Undertake a needs and gap analysis for training in MRD and for major 

engineering universities 

                                                 
1 The draft ADB technical note for adaptation in the transport sector may be used as a guide or the Consultant can 

propose other such methodologies to follow. 
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11. Identify indicators to monitor vulnerability reductions and sustainability of 
adaptation measures in the context of the project implementation 

12. Design and coordinate the development of curriculum for universities 
13. Develop and provide training on climate change adaptation for MRD 
14. Collect and synthesize good practices for use by other planned adaptation 

programs in the country and as input into knowledge networks. 
 

(iv) Final Outputs: 
 

1. Adaptation strategy including prioritized adaptation options, implementation 
arrangements, implementation risks, training and capacity building plan, budget, 
input into the project Design and Monitoring Framework. 

2. Training program and materials for the MRD and university/ies 
3. Best practices synthesis report 
 
(v) Skills required: The international specialist/team leader is expected to have a 

multi-disciplinary environmental or natural resource management background 
with a minimum Master's degree and 15 years international team leader 
experience in the related field and have a good understanding of the social and 
economic aspect of vulnerability. Experience in developing adaptation projects 
and programs will be sought and good written and spoken communication skills. 
The national specialist/ deputy team leader should have a minimum bachelor 
degree in environment engineering and national experience of 10 years in the 
related field as a team leader. 

 
2. Climate Change Economist (1 International and 1 National) 
 

(i) Objective/Purpose of the Assignment: The overall objective of this assignment 
is to conduct a cost-benefit analysis or a cost-effectiveness analysis of the 
various technically feasible adaptation measures which may be implemented to 
climate-proof the transport infrastructure under consideration in the Project.  

 
(ii) Scope of the Work: The specialists will lead the economic analysis of adaptation 

options (activity 1.2) and contribute to other activities as needed.  
 
(iii) Detailed tasks and outputs: Specific tasks and deliverables may be divided into 

two phases.  
 
Phase 1: Assessment of historical records and data, and design of methodology 
 
Tasks 
1. A detailed review of the historical records and data of relevance especially those 

pertaining to direct damages to road infrastructure, indirect impacts resulting from 
the damaged road infrastructure, and repair costs; 

2. Provide a list of alternative adaptation measures which may have already been 
undertaken and implemented for similar situations in the country, or in the 
process of being designed and implemented along with their expected impacts 
and costs. For this purpose, all available information from primary and from 
secondary data should be used; 



 

 

9

3. Identification of datasets which may be used to implement the objectives of the 
study;  

4. Detailed framework (tasks, activities, responsibilities, time lines) for the 
successful implementation of the study; 

5. A report early on the assignment to identify possible means, by which the 
expected impacts of adaptation measures may be modeled, and their possible 
costs and benefits estimated, and validate the proposed methodological 
approach and framework. 

 
Output: A report covering in details all of the above tasks. 
 
Phase 2: Cost-benefit analysis of adaptation measures 
 
Tasks 
1. Evaluation of the effectiveness of the past and present adaptation initiatives with 

quantitative estimates (to the extent data allows) with notes on circumstances/ 
conditions/ reasons behind successes or failures of the initiatives. 

2. Based on historical data and the study information, provide an estimate of the 
benefits and costs of adaptation for each possible adaptation measures; 

3. Based on the outcome of the analysis, make recommendations pertaining to the 
adoption of adaptation measures in the context of the project. 

4. Prepare costing of potential adaptation strategies for MRD to inform national 
budgeting processes. 

(iv) Final Output: Report on analysis of the costs and benefits of potential 
adaptation measures to climate-proof the road infrastructure of interest in the 
project, along with recommendations pertaining to the nature of the adaptation 
measures to receive priority based on the outcome of the economic analysis.  

 
(v) Skills required: Essential qualifications for the international specialist include: 

 At least 10 years experience in the conduct of cost-benefit analysis with 
an emphasis in Asian countries; 

 At least 5 years experience in the conduct of cost-benefit analysis 
specifically as it relates to adaptation options in the context of climate 
change with an emphasis in Asian countries;  

 Familiarity with economic methodologies for non-market valuation;  
 Experience working with devilment agencies and governments in 

developing countries.  
 

Academic qualifications include a minimum Master Degree (or equivalent 
combination of academic training and experience) in economics, 
environmental/resource economics, or relevant discipline.  
 
The national specialist needs to have a minimum bachelor degree in economics 
and national experience of 6 years in the related field. 

 
3. Climate Change Modeler (1 International and 1 National) 
 

(i) Objective/Purpose of the Assignment: To assess and address and climate 
change downscaling gaps for Cambodia and provide an assessment of future 
climate change in Cambodia as input into vulnerability mapping. 
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(ii) Scope of the Work: The specialists will co-lead in the development of the 

vulnerability maps (activity 1.1) as well as contribute to others as needed (1.3, 
2.2) 

 
(iii)  Detailed tasks: 
1. Analysis of the currents needs and gaps, particularly in coordination with the 

Ministry of Environment and work undertaken through the United Nations 
Framework Convention on Climate Change National Communications. 

2. GCM analysis and selection 
3. Conduct regional climate modeling /Statistical downscaling 
4. Undertake climate-hydrological model coupling, together with impacts and 

hydrology specialist 
5. Analyze and present the results in visual formats with assistance from the 

Geographic Information System (GIS) Specialist. 
 
(iv) Final Output: Report detailing the results of assessment, including input into 

impact models for further assessment. 
 
(v) Skills Required: The international specialist should have at least 5 years 

experience running global circulation models and applying downscaling 
techniques, particularly dynamical downscaling. Experience working in a 
developing country context and in Cambodia in particular will be necessary, with 
a minimum Masters degree in the related field. The national specialist should 
have a minimum bachelor degree in environment engineering and national 
experience of 5 years in the related field. 

 
4. Climate Change Impacts and Hydrology Specialist  (1 International and 1 National) 
  

(i) Objective/Purpose of the Assignment: Based on available and relevant 
information, conduct an assessment of anticipated climate change impacts in 
Cambodia, using inputs from downscaling techniques of global circulation models 
and integrated impact assessments. 

 
(ii) Scope of the Work: The purpose of this assignment is to conduct a detailed 

climate change impact analysis as input into the selection of an adaptation 
strategy for the Project field level interventions and to prepare the vulnerability 
maps for planning purposes by the MRD. The specialists will co-lead with the 
climate change modeler in the preparation of the vulnerability maps.  

 
(iii) Detailed Tasks: 
 

1.  Identify and collect relevant information required to prepare national 
vulnerability maps, together with assistance from other team members 

2. Identify vulnerability data which is particularly relevant for rural 
development planning 

3. Access, collect and analyze data 
4.  Undertake integrated impact assessment, using input from climate 

change modeling 
5. Prepare, analyze and validate results 
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6. Prepare visual representation of analysis with assistance from GIS 
Specialist 

7. Identify potential hot spots and vulnerability drivers. 
 
(iv) Output/Reporting Requirements: Final report containing results of integrated 

impact assessment for the project area and at the national level for use by MRD. 
 
(v) Skills required: The specialists will have expertise in integrated and coupled 

impact assessment, hydrological modeling, and GIS. Some exposure to 
conducting impact assessments for engineering and national planning is 
necessary. An understanding of vulnerability and impacts related to climate 
change is required. The international specialist should have a minimum bachelor 
degree in civil engineering and international experience of 8 years in the related 
field. The national specialist should have a minimum bachelor degree in civil 
engineering and national experience of 5 years in the related field, with sufficient 
experience in GIS. 

 
5. Emergency Management Specialist (1 International and 1 National) 
 

(i) Objective/Purpose of the Assignment: To establish a pilot early warring 
system and a pilot emergency management system for a province in the project 
area. 

 
(ii) Scope of the Work: Change in the climate is in part associated with disasters. In 

the case of Cambodia, this is mostly typhoons, heavy rainfalls, floods, and 
induced earth slips. In any case, it is necessary to establish an early warring 
system to issue advance communications of warnings to the potentially affected 
residents, establishments etc. and evacuate them. In this respect, this activity 
provides a pilot early warning system and a pilot emergency management 
system for one province of the project area. The specialists will lead activity 2.3. 

 
(iii) Detailed Tasks: 

1.  Coordinate with other consultants and MRD to collect data and identify 
the most vulnerable province of the project area for disasters due to 
climate change. 

2.  Collect historical data of the disasters of the area and analyze the 
geographical impact of losses due to the calamity in terms of casualties, 
livestock, damages etc. 

3.  Develop a computer based map of the above data to present the 
vulnerability of the study area, location of houses and establishments, 
vulnerable river structures, irrigation structures etc, and identify special 
groups of vulnerable residents (like people with disabilities). 

4.  Locate all emergency services available and identify the current capacity. 
Based on that, formulate a plan if capacity increase is necessary and 
related training on early warring and emergency management activities. 

5.  Based on the above identify evacuation paths and evacuation locations, 
with several redundancies, proposed locations of warnings systems, 
specifications, coverage, and operational procedures of early warnings. 

6.  Develop a real time emergency management system based on golden 
72-hour rule of response, and recovery phases; develop the entire 
structure of response team and responsibilities, with redundancies. 
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7.  Procure equipment necessary for the above systems operational, and 
install them. 

8.  Plan the system procedures for operation, training for all stakeholders for 
operation, maintenance, management, and improvement, and real case 
drills, that include residents as well; conduct several phases of drills; 
provide sufficient public information during drill phases and based on drills 
and training fine tune the system. 

9.  After test runs of the systems, commission the systems. 
10.  Prepare necessary operation manuals for all stakeholders involved; 

prepare emergency procedure checklists and public information flyers 
(including emergency kit information, how to evacuate etc) for all levels of 
stakeholders and disseminate through media and person-to-person public 
distribution. Such manuals and information materials should be in Khmer 
language too. 

11.  Prepare a financial management plan for operation and maintenance of 
the systems, in a sustainable manner. 

 
(iv) Final Outputs: An emergency management center, including a back up mobile 

unit to be set up in a pilot project area using an existing MRD building, which has 
computer based early warning system and an emergency management system, 
for MRD, fully functional before 2014, with appropriate training and drills 
completed. Final report and necessary manuals for each personnel involved in 
the emergency management process should be developed here. Early warning 
system equipment should be installed and functioning.  

 
(v) Skills required: The minimum requirement is a university degree in a planning 

field of expertise. The international specialist is expected to have developed 
previously emergency management systems in real-world cases and had them 
operational with assistance given to the respective government. He/she should 
be able to develop computer software system for early warning system and 
emergency management system that helps real time data retrieval of the disaster 
in progress, to trigger emergency management activities of multi-disciplinary 
nature. The national specialist should have a master's degree in city/urban 
planning or related, with a sound knowledge in emergency management 
principles. He/she should assist the international consultant in developing the 
early warning system and emergency management system. 

 
6. Road Engineer (1 International and 1 National) 

 
(i) Objective/Purpose of the Assignment: The experts will lead in the capacity 

building for MRD on design of civil works to accommodate climate changes and 
contribute to the identification or prioritized adaptation options at the Project and 
national levels. 

 
(ii) Scope of the Work: The international expert will lead in the identification, design, 

costing and oversee the implementation of engineering based adaptation options 
(activity 2.1) as well as lead in the review and assessment of current engineering 
designs, standards and guidelines to withstand future climate changes (activity 
1.3). 
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(iii) Detailed Tasks: 
 

1.  Identify adaptation engineering options and associated costs for the 
Project; 

2. Assist other team members in identifying all benefits of the adaptation 
options from engineering perspective; 

3. Recommend revisions to engineering designs taking climate change 
adaptation into account; 

4. Recommend adjustments and improvements towards development of a 
replicable model to be used in the Project and in the future; 

5. Prepare technical documentation, including engineering design and 
specifications including with adaptation considerations; 

6. Oversee and monitor the implementation of engineering based adaptation 
options; 

7. Review the sustainability and capacity of current MRD's engineering 
designs, standards and guidelines to withstand climate changes and 
propose any adjustments; 

8. Participate in the development and delivery of training and curriculum 
development for the MRD and major engineering universities (activity 1.4) 

 
(iv) Final Outputs: (i) Detailed implementation and monitoring plan and report for the 

engineering based adaptation options, (ii) Report containing recommendations 
for revised engineering guidelines, (iii) Training materials for the MRD and major 
engineering universities.  

 
(v) Skills required: The international expert will need a civil engineering bachelor 

degree and ten years of working experience working in transport infrastructure 
design, planning, and implementation in Southeast Asia. An understanding of 
climate change and natural hazards is required. The national expert will need a 
civil engineering bachelor degree and 6 years of working experience in national 
transport infrastructure design, planning, and implementation. 

 
7. Vulnerability and Environment Specialist (1 National) 
 

(i) Objective/Purpose of the Assignment: To identify the root causes for existing 
and future vulnerability to climate changes as well as natural disasters. Also, the 
specialist will identify and oversee the ecosystem based adaptation options for 
the Project site. 

 
(ii) Scope of the Work: The goal of the vulnerability assessment is to identify 

existing vulnerabilities and coping strategies, social and poverty dimensions and 
to confirm and ground-truth the climate change and impact modeling undertaken 
by others. This will serve as input into the vulnerability mapping and design of 
adaptation interventions. The specialist will lead the green planning: development 
and implementation of ecosystem based adaptation measures (activity 2.1) and 
contribute as needed to other activities (1.2, 1.3, 1.4) 

 
(iii) Detailed Tasks: 

1. Identify main drivers of current and projected vulnerabilities in the project 
area 
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2. Work with impact modeler to verify and ground-truth climate change 
predictions 

3.  Conduct field consultation with local community groups on existing 
vulnerabilities and coping strategies 

4.  Contribute to the preparation climate vulnerability maps based on existing 
environmental and climate data, including land cover/vegetation cover, 
slopes, geological hazards and precipitation distribution 

5.  As input into selection of adaptation options for the project area and for 
vulnerability mapping, identify priority areas with high vulnerability, to be 
verified also during ground-truthing along the proposed road corridors to 
assess current observed changes and coping practices. 

6. Confirm Project's priority areas for implementing adaptation measures 
7. Identify and design ecosystem based adaptation options along the 

Project's priority areas. 
8. In selecting species of trees and other vegetation for the ecosystem-

based adaptation options, ensure that new species (i.e., species not 
currently established in the country or region of the project) shall not be 
intentionally introduced unless carried out in accordance with the existing 
regulatory framework for such introduction, if such framework is present, 
or unless the introduction is subject to a risk assessment. Under no 
circumstances must species known to be invasive be introduced into new 
environments. Undertake assessment of the possibility of accidental or 
unintended introduction of such invasive alien species and identify 
measures to minimize the potential for release. 

9. Oversee the implementation of ecosystem based adaptation measures. 
 
(iv) Final Outputs: (i) Report summarizing vulnerability drivers and assessments for 

Project area with an extension to the National scale for vulnerability mapping, (ii) 
Report containing implementation plan for the ecosystem based adaptation 
measures and implementation plan to be piloted along the project area. 

 
(v) Skills required: The specialist is expected to have a multi-disciplinary 

environmental or natural resource management background and have a good 
understanding of the social and economic aspect of vulnerability. The expert will 
need an engineering bachelor degree and 6 years of working experience in 
nationally in the related fields. 

 
8. Geographical Information Systems (GIS) Specialist (1 National) 
 

(i) Objective/Purpose of the Assignment: To visually represent the results of the 
climate change impacts, vulnerability and adaptation assessment. 

 
(ii) Scope of the Work: The specialist will produce the final visualization of the 

vulnerability maps and advise together with the climate modeler, impact and 
vulnerability specialists. 

 
(iii) Detailed Tasks: 
 

1. Undertake data collection, analysis, storage and retrieval through a 
variety of techniques, including use of available GIS, ensuring the full 
involvement of local stakeholders from the outset 



 

 

15

2. Support the development of the adaptation plan and early warning system 
by using GIS to include physical development issues such as land tenure, 
informal development, development suitability, topography, drainage, 
access to land, and location choices for rural development based on 
available information 

3. Prepare vulnerability maps and work with team members to verify and 
assess the results 

4. Document methodologies, practices, results and lessons learned for 
communication to other stakeholders in order to increase the likelihood of 
replication of project results in other local areas 

 
(iv) Final Outputs: (i) Vulnerability maps consolidating data and information to 

inform country wide vulnerability to climate changes and disasters (as 
appropriate), (ii) Visual representation of hot spots and areas for implementation 
of adaptation strategies to inform MRD budgeting and prioritizing process. 

 
(v) Skills required: The specialist should hold a bachelor degree in engineering with 

6 years practical experience in GIS and its application to planning, have a strong 
and demonstrated understanding of civil society involvement in local government 
and planning (skills related to group facilitation would be an asset); and have 
some work experience in local government (whether full-time or through study 
placements). 
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Vulnerability Mapping in Cambodia 
 
Scope: 
Provide the Ministry of Rural Development (MRD) with a country-wide analysis of future flood 
risk in Cambodia. 
 
Rationale: 
Our ability to map the future occurrences and geographical extension of inland floods, crucially 
depend on our ability to describe and characterize a complex network of cooperating factors 
ranging from the change in the frequency and intensity of seasonal rainfall to soil moisture 
content or river runoff. We propose here a methodology to address the problem using a 
cascade of models ranging from global climate models to high-resolution hydrological model 
coupled via dynamical downscaling. 
 
Activities: 
 
Phase 1 – Analysis of the currents needs  
This phase aims to understand the needs of the planners, engineers or decision makers in 
terms of climate information such an information is essential to tailor the results of the model to 
the needs of the end-users . A series of workshops with the relevant project-team leaders will be 
organized to allow a two-way interaction between the scientific leads and the specialist on the 
ground. During this phase the availability of current observational record will be evaluated as 
this directly impact the possible methodology. Further, an assessment of the status and gaps in 
climate change modeling which has been conducted to date, particularly through the 
Cambodian Second National Communications, would be assessed in order to direct the 
activities in the next phases to address gaps in existing assessments. 
 
Phase 2 – Global Climate Model (GCM) analysis and selection 
In order to provide the decision maker with the most comprehensive set of climate projection it 
is necessary: 
 
1) to assess the skill of the GCMs projections available 
2) to define a smaller (less expensive) but representative subset of simulations to 

downscaled over the region of interest. 
 
For the second point it is essential to evaluate the skill of each GCM in reproducing present-day 
processes, such as the monsoon, which to a large extent control the climate of the region. 
Monsoon indexes, dynamical proxies root mean square error and bias should all be considered 
for defining a matrix to evaluate model skill. 
 
Phase 3 – Regional Climate Modeling (RCM)/Statistical downscaling 
Perform a dynamical downscale of the ensemble members identified during phase 1 and 2 
using a regional climate model. Such a process aims to add local climate drivers such as the 
interaction with the mountain ranges (e.g. Cardamoms mountains) or the presence of lakes (e.g. 
Tonle Sap) to the signal coming from the large scale (e.g. change in the monsoon intensity). 
 
Although a statistical downscaling can be used instead of regional climate models if budget is 
limited, such an approach strongly relies on the availability of long time series of observation 
and may result of difficult application in regions where such observations are not available.  
 
 



 Annex 1 

 

17

Phase 4 – Climate-hydrological model coupling 
At this stage the output of the downscaled climate signal are post-processed so that they can be 
use as an input to the basin-wide hydrological model. Assuming a dynamical downscaling has 
been followed at the previous phase two approaches can be used: 
 
1) Monthly mean delta-change factor to modified observed rainfall time-series (e.g. 

Buontempo et al. 2009) 
2) Direct coupling between hydrological and regional climate model 
 
If instead a statistical approach was used for the downscaling stage, a direct coupling should be 
preferred as these techniques provide time series of precipitation that can be directly used by 
the hydrological model. 
 
In both cases it is essential to fully characterize the uncertainty associated with the downscaling 
and how this impacts the final results. 
 
Phase 5 – Analysis and presentation of the results 
The hydrological model is then run using the set of driving conditions generated during the 
previous 3 phases. This means that rather than on a single prediction the end-users will have to 
take action based on a range of possible future scenario. The results of the first phase will be 
used to make the outcome of the modeling exercise directly relevant to the end-users.  
 
Floods maps, return level diagrams and any other graphical presentation of the result will need 
to include the uncertainty associated with the prediction (e.g. best and worst case scenarios, 
range of possible anomalies in respect to current inter-annual variability). These will be overlaid 
with digitized information on existing and planned works by the MRD in order to identify current 
and future projects at risk from climate change. 
 
Phase 6 – Analysis of prioritized adaptation options and associated costs for rural 
transportation networks in the Tonle Sap area. 
The intended purposes of rural road networks will be assessed from the perspective of 
alignment as well as site-specific design for new and rehabilitated roads. Issues such as 
intended purpose of road networks will be assessed in light of issues such as shifting agro-
ecological zones. Areas for prioritized investment will be identified based on changing climate 
conditions, resulting in either increased dust from droughts or damage from floods. The costs 
and benefits of adjusting plans to increase resilience to climate change will be assessed for 
consideration into government and ADB budgeting processes.  
 
Indicative time estimation  
1) Workshop and data extraction 2 weeks  
2) GCM-analysis and selection 2 person-months   
3) RCM downscaling for 30 years (present) and 30 years (future) 1 person-month  and up 

to 6 months to deliver depending on the information technology infrastructure and on the 
downscaling option adopted 

4) Coupling 
a. RCM-hydrology coupling via delta change factor up to 3 person-weeks 

(Assuming relevant observation are available) 
b. RCM-hydrology coupling via direct coupling (hard to but probably) 6 person-

months   
c. Statistical coupling 2 person-months (assuming enough observation are 

available) 
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5) Flood mapping and visualization; 3 person-month 
6) Geographical Information Systems mapping and overlay of data to identify planned MRD 

activities most at risk  
7) Identification of adaptation options and priorities and indicators for MRD planning 

purposes 
8) Economic analysis of incremental adaptation activities for consideration in budgeting 

processes. 
 


