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Climate Risk Assessment and 
Management Report 

 
I. Basic Project Information 

 
Project Title: Panj-Amu River Basin Project (P-ARBP) 
Project Budget: $76.75 million 
Location: Afghanistan 
Sector: Agriculture 
Theme: Irrigation rehabilitation & Integrated Water Resources Management 
Brief Description: 
P-ARBP has three outputs, which reinforce the achievements of the ongoing P-ARBP project: 

1. Water allocation and availability improved. 
2. On-farm water management enhanced. 
3. Watersheds properly managed and protected. The measures will address the problem of runoff into 

the irrigable area, and also enhance the productivity of the upper catchment by reducing soil 
erosion, increasing infiltration and the re-afforestation of selected areas. 

 
The project will rehabilitate and upgrade water conveyance and irrigation infrastructure on at least 21 
schemes. Design criteria for the works that will be rehabilitated will take hydrology (especially floods) and 
crop water demand into consideration. 

 
II. Summary of Climate Risk Screening and Assessment  
 
A. Sensitivity of project component(s) to climate/weather conditions and sea level 
Project component 
 
All components 
 

Sensitivity to climate/weather conditions 
 
1. Intensity and timing of spring snow melt and 

associated floods; 
2. Intensity and frequency of heavy rainfall events; 
3. Intensity and frequency of drought events; 
4. Access to remote parts of the catchment cut off 

during the winter. 
5. Construction and maintenance restricted during the 

winter in the upper catchment areas. 
 

B. Climate Risk Screening (the checklist for preliminary climate risk screening is included in Appendix 2). 

Risk topic 
 

1. Temperature 
increase 

2. Precipitation 
decrease 

3. Early snow melt 
4. Extreme storm 

events 
5. Increased droughts 

 

Description of the risk 
 
1. The project sites near the main rivers are at risk from current and future 

flood events, which may be exacerbated by a projected earlier spring 
snow melt and extreme storm events. This will affect mostly the canal 
headworks and any river training projects. 

2. The projected increase in temperature combined with a decrease in 
precipitation will lead to widespread mass losses from glaciers and 
reduction in snow cover leading to reduced river flows and less 
carryover of water to growing season. This could cause crop failure in 
the irrigated areas, especially during the final part of the irrigation 
season. This risk is exacerbated by the current practice of over 
irrigation, leading to an inequitable distribution of available water 
resources. Water stress is currently felt in the downstream areas even 
during years of average flows. 

3. The project site is at risk from increased droughts, especially in the 



upper catchment areas which rely mainly on rain-fed agriculture. 
4. Global and regional models have shown that there could be a negative 

impact on crop yields in the Panj-Amu River basin, though it is almost 
impossible to estimate this impact with any confidence. The most 
important control on recent crop yields is likely to have been 
precipitation, rather than temperature fluctuations though this may 
change in the future, especially if the higher temperature predictions are 
correct.  

Climate Risk Classification: High (the Aware for Projects Risk Screening Report is shown in Appendix 3). 
C. Climate risk assessment 
Apart from global climate change models, there is not enough good quality data available in the Panj-Amu 
River basin to carry out a viable climate change assessment. The recent river discharge data (post 2008) 
suffers from quality control issues and needs to be re-processed before any statistical analysis with 
historical data or detailed river basin modelling is carried out. 
 
Key findings from the climate risk assessment (see appendix 1) are as follows: 
 Current models indicate significant warming across all regions of Afghanistan, and a decrease in 

precipitation. The increases in temperature in the Panj-Amu river basin under the SRES A2 scenario, 
relative to the mean climate of 1970-1999, are predicted as follows: +2°C by 2030s; +4°C by 2060s; 
+6°C by 2090s. Warming is most rapid in spring/summer with this trend being marked in the north and 
the central plains of Afghanistan. The decreases in precipitation in the Panj-Amu river basin under the 
SRES A2 scenario are predicted as follows: -3% by 2030s; -8% by 2060s; -12% by 2090s. Much of the 
drying is due to decreases in spring rainfall. 

 The anticipated rise in average temperatures means that the average timing of the spring snow melt 
may occur earlier into the year. This may be counteracted to some extent by the decrease in spring 
rainfall, which is another important catalyst in the initiation of spring snow melt. 

 The anticipated rise in average temperatures means that there will be more energy available, which 
may result in a higher frequency of extreme storm events. 

 Higher temperatures and lower precipitation may increase the frequency, intensity and duration of 
droughts. It is also expected to increase crop water demand by an estimated 5% by the mid 2030s. 

 
These factors will result in the following: 
 Increased flood events, due to extreme storm events, more rapid spring melt as a result of higher 

temperatures, combined with the downstream effects of land degradation, loss of vegetative cover and 
land mismanagement in watersheds, will damage irrigation infrastructure, particularly structures at the 
heads of canals and any river training works.  

 Increased erosion in the upstream areas as a result of climate change impacts which may increase the 
sediment load carried by floods, silting up canals and thus reducing their performance. 

 Earlier snow melt will have a negative impact on irrigated water availability for crops during the growing 
season, compounded by the inequitable water distribution within and between schemes. 

 Decreases in precipitation, including droughts, and possibly higher temperatures, will reduce crop 
yields, particularly for rainfed crops. Economic sensitivity analysis will be undertaken to estimate the 
proposed impact from reduction in yields using the following scenarios for the possible impact of climate 
change in the Panj-Amu River Basin in 2035: At least 5% reduction in yield for for irrigated crops and at 
least 10% for non-irrigated crops. 

 
Further details are provided in Appendix1. 

 
III. Climate Risk Management Response within the Project  
  
In light of broad, but highly uncertain, trends in key climate variables over the expected economic lifetime of 
the project (25 years), the following climate risk mitigation measures have been included in the design (see 
further in Appendix 1). 
 

1. All headworks will be strengthened to withstand anticipated flood events. Although the floods are 
likely to come earlier in the season due to increasing temperatures, it is uncertain if they will be 
more intense especially as there is a predicted reduction of spring (MAM) rainfall. The international 
practice for these kinds of irrigation structures is to use a 1 in 25-year flood event. During the 
implementation of the existing P-ARBP project a 1 in 50-year flood event was chosen as a 
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minimum design criterion to incorporate uncertainties in the quality of the hydrological data. The 
current risk-based design criteria proposed for the new P-ARBP is a 1 in 100-year flood event to 
incorporate climate change risks. See Appendix 1 for further details on the methodology and 
justification.  It is considered adequate, as there are in any case considerable uncertainties in 
climate change modelling of Afghanistan. Employing higher design criteria – for example a 1 in 200-
year flood – is not recommended as at these flows, the bank full level is already exceeded in many 
locations and the flood would cover large parts of the irrigated areas. Another design criterion 
employed under the existing P-ARBP is to locate the canal headwork at a distance of at least 50 
metres downstream of the braided river intake. This protects the structure from the worst erosional 
effects of the large floods. The additional cost of climate proofing is approximately +15% of the 
normal cost of the headwork carried out under the previous P-ARBP (i.e. as compared to a 1 in 50-
year flood design). This amounts to approximately US$546,000 for the project. 

2. The project will help better cope with climate variability and change through better control and 
management of available water resources. The canal headworks, for example, will enable a better 
control of water inflows into the canals. This will protect the canals from excessive flows during 
floods, while allowing a more equitable distribution of available water resources during low flows 
and droughts, through water sharing agreements between upstream and downstream schemes, 
supported by the River Basin Agency (RBA) and Sub-basin Agencies (SBAs). A lower intake of 
water at the canal headwork will mean more water remains in in river for the benefit of downstream 
users and the environment. The establishment and training of Water User Associations (WUAs) 
and Irrigation Associations (IAs) will improve water allocation within the existing irrigated areas. A 
budget of US$1.8 million is allocated for these sub-components.  

3. The project will provide training and demonstrations in the use of more climate resilient agricultural 
practices and in improved on-farm water management, reducing the current practice of over-
irrigation, which will leave more water in the canals for the benefit of users located in the middle and 
tail end of the canals. A budget of US$500,000 is allocated for this sub-component. 

4. Gaps in the hydrological monitoring system and malfunctioning of some of the gauging stations will 
be addressed by the project in order to obtain a better understanding of the water budget of the 
Panj-Amu River Basin. The automatic flow gauging stations which are frequently damaged by 
floods will be moved out of the flood zone, and new mobile staff gauges will be installed in some of 
the most important ungauged tributaries. Data will be collected by staff of the Sub-Basin Agencies 
(SBAs) and used by the Water Resources Department in MEW for drought/flood forecasting and 
model preparation. The cost allocated to this by the project is approximately US$100,000. 

5. Capacity building of the Water Resources Department (MEW) will address the current weakness in 
hydrological data quality control within the Panj-Amu River Basin, and lead to the development of a 
better basin model. This model could also incorporate climate change simulations. The cost 
allocated to this sub-component by the project is US$1.7 million. 

6. The watershed management component will integrate climate adaptation measures. These include 
(i) physical interventions for increased access to water (e.g. water storage ponds with capacities up 
to 10,000m

3
), improvements to precipitation infiltration and recharge, reduced soil erosion and 

landslides by restoring the original vegetation, (ii) adaptation measures such as changes to the 
cropping calendar and adjusting cropping methods, (iii) resilience measures such as alternative 
crops (e.g. medicinal plants), alternative livelihoods (e.g. high-value crops) and alternative sources 
of fuel (e.g. solar power). The cost allocated to this component by the project is US$3.8 million. 

 
In summary, the total budget directly related to climate change adaptation/risk-mitigating measures is 
US$8,446,000. 
 
It should be noted that the project will also have a climate mitigation role. Under output 3, watershed 
management and protection, tree planting will result in carbon sequestration. 

 

 



Appendix 1: Climate Risk Assessment 
Study 

A. Basic Project Information 

1. The Panj-Amu River Basin Project (P-ARBP) with an anticipated budget of $76.75 million is 
located in Afghanistan. The project is in the agriculture sector, and the main theme is irrigation 
rehabilitation and upgrading and Integrated Water Resources Management (IWRM). 
 
2. The P-ARBP has three outputs, which reinforce the achievements of the ongoing EU-
funded P-ARBP project: 

1. Water allocation and availability improved. 
2. On-farm water management enhanced. 
3. Watersheds properly managed and protected. The measures will address the problem 

of runoff into the irrigable area, and also enhance the productivity of the upper 
catchment by reducing soil erosion, increasing infiltration and the re-afforestation of 
selected areas. 
 

3. The project will rehabilitate and upgrade water conveyance and irrigation infrastructure on 
at least 21 schemes. Design criteria for the works that will be rehabilitated will take hydrology 
(especially floods) and crop water demand into consideration. 

B. Climate Risk Screening 

1. Introduction 

4. In 2009, the Stockholm Environment Institute (SEI) published a DFID funded scoping study 
on The Socio-economic Impacts of Climate Change in Afghanistan. The report fed into the 2008 
National Adaptation Programme of Action (NAPA) process managed by the Afghan National 
Environmental Protection Agency (NEPA) and UNEP, and is based on the results of climate 
modelling work undertaken in the UK by the University of Oxford and Tyndall Centre. The report 
summarizes the key challenges faced when attempting to assess climate change in Afghanistan as 
follows: 
 

Afghanistan presents a number of specific challenges in terms of climate change 
assessment. Climate projections for Afghanistan require significant refinement due to 
the lack of availability of reliable historic meteorological records. Complex topography 
in Afghanistan also means that local variations in response to global warming, 
particularly precipitation, are likely to be large and many areas may vary from the 
regional trends. In addition, sporadic and poor quality socio-economic data make 
econometric modelling or robust cost/benefit analysis of adaptation and mitigation 
policy nearly impossible. Poor national security also restricts the ability to undertake 
structured fieldwork to assess potential mitigation and adaptation options. 
 

5. This section is based on the 2009 SEI report and the Afghanistan Initial National 
Communication to the United Nations Framework Convention on Climate Change (NEPA). 
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2. Temperature increase 

6. Available data and trends from neighbouring countries indicate that mean annual 
temperature in Afghanistan has increased by 0.6°C since 1960, at an average rate of around 
0.13°C per decade. The rate of increase is most rapid in autumn (September, October and 
November), with increases at an average rate of 0.29°C per decade, and slower in winter 
(December, January and February) at a rate 0.11°C per decade. The frequency of hot days and 
hot nights has increased every season since 1960; similarly, the frequency of cold days and nights, 
annually, has decreased since 1960. 
 
7. Current models indicate significant warming across all regions of Afghanistan with average 
predicted increases in temperature of between 2C and 6.2C by 2090s dependent on global 
emissions scenarios. Warming is most rapid in spring/summer with this trend being marked in the 
north and the central plains of Afghanistan. These increases are also consistent with the broad 
regional observed temperature trends in Central Asia. All projections indicate substantial increases 
in the frequency of days and nights that are considered ‘hot’ in the current climate, especially 
during summer months. 
 
8. Up to 2030s, the amount of warming is not sensitive to global emission scenarios. The 
mean annual temperature is projected to increase by 1.4 to 4.0°C by the 2060s, compared to 
1970-1999 averages. 
 
9. By 2090, the range of projections by the 2090s under any one emissions scenario is around 
1.5 to 2.5°C, indicating a high degree of uncertainty in the models. The range of potential annual 
temperature increases is noticeably influenced by global emission scenarios. 

Figure 1: Temperature projections for Afghanistan 

 

Source: DFID CNTR 08 8507: Socio-Economic Impacts of Climate Change in Afghanistan 

10. The increases in temperature in the Panj-Amu river basin under the SRES A2 scenario, 
relative to the mean climate of 1970-1999, are predicted as follows: 
 + 2°C by 2030s 
 + 4°C by 2060s 
 + 6°C by 2090s 
11. The ADB-funded TA on Water and Adaptation Interventions in Central and West Asia 
combined field observations with sophisticated satellite-based data and created models to 
demonstrate the impacts of climate change on the hydrology of the Aral Sea Basin1. By 2050, 
mean temperatures are projected to rise throughout the year in the Central Asian region, especially 

                                                           

1
 ADB (2014); Climate Change and Sustainable Water Management in Central Asia. Central and West Asia Working 

Paper Series No. 5, May 2014. 



in the mountains. In the P-ARB region the 2050 annual mean temperatures are projected to 
increase by 3.2 to 3.4 degrees Celsius compared to the 1971-2000 average (Figure 2). 

Figure 2: Average Change of Annual and January Mean Temperatures between Control 
Simulations for 1971–2000 and Simulations for 2045–2065

 

Source: ADB (2014); Climate Change and Sustainable Water Management in Central Asia. Central and West Asia 

Working Paper Series No. 5, May 2014. 

12. The near-term predictions on increases in temperature are a global phenomenon, though 
average global temperature increases are likely to be less than those predicted for Afghanistan. 
The Intergovernmental Panel on Climate Change (IPCC) 2013 report2, states that: “The projected 
change in global mean surface air temperature will likely be in the range 0.3 to 0.7°C (medium 
confidence). This projection is valid for the four RCP scenarios and assumes there will be no major 
volcanic eruptions or secular changes in total solar irradiance before 2035. A future volcanic 
eruption similar to the 1991 eruption of Mt Pinatubo would cause a rapid drop in global mean 
surface air temperature of several tenths °C in the following year, with recovery over the next few 
years. Possible future changes in solar irradiance could influence the rate at which global mean 
surface air temperature increases, but there is high confidence that this influence will be small in 
comparison to the influence of increasing concentrations of GHGs in the atmosphere.” 

3. Precipitation decrease 

13. Mean rainfall over Afghanistan has decreased slightly (at an average rate of 0.5mm per 
month, or 2 percent per decade) since 1960. This is mainly due to decreases of around 2.7mm per 
month (6.6 percent per decade) in spring (March, April and May) rainfall, but is offset by small 
increases in summer (June, July and August) and autumn (September, October and November) 
rainfall.  The proportion of rainfall that occurs in heavy events3 has not changed with any consistent 
trend since 1960. The observed maximum 1‐ and 5‐day rainfalls generally show small decreases in 
spring, but increase slightly in other seasons. 

                                                           

2
 IPCC, 2013: Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth 

Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. 
Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA, 1535 pp, doi:10.1017/CBO9781107415324. 

3
  A ‘Heavy’ event is defined as a daily rainfall total which exceeds the threshold that is exceeded on 5% of rainy days. 
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14. In the short term, average rainfall is projected to show a small increase, although by little 
more than about 10-20mm. Mean annual rainfall changes in the 2090s show conditions are 
generally drier (-40 mm high, -20 mm medium, -10 mm low) over much of Afghanistan. Much of 
the drying is due to decreases in spring rainfall. Winters are expected to be significantly drier in 
the South. Projections of mean annual rainfall from different models are broadly consistent in 
indicating decreases. 
 
15. The decreases in precipitation in the Panj-Amu river basin under the SRES A2 scenario, 
relative to the mean climate of 1970-1999, are predicted as follows: 
 -  3% by 2030s 
 -  8% by 2060s 
 -12% by 2090s 

Figure 3: Precipitation projections for Afghanistan 

 

Source: DFID CNTR 08 8507: Socio-Economic Impacts of Climate Change in Afghanistan 

4. Early snow melt 

16. The anticipated rise in average temperatures means that the average timing of the spring 
snow melt may occur earlier into the year. This may be counteracted to some extent by the 
decrease in spring rainfall, which is another important catalyst in the initiation of spring snow melt. 
 
17. Some researchers assume that the spring snow melt will also be faster, resulting in not only 
earlier but also more intense flooding. This is unlikely, considering the models predict lower spring 
rainfall. 

5. Extreme storm events 

18. The anticipated rise in average temperatures means that there will be more energy 
available, which may result in a higher frequency of extreme storm events. 

6. Increased droughts 

19. Higher temperatures and lower precipitation may increase the frequency, intensity and 
duration of droughts. 



C. Climate Risk Assessment 

20. The in-house ADB software, Aware for Projects has given a “High Risk” rating for the P-
ARBP, as shown in the figure below.  

Figure 4: Aware for Projects Summary Risk Ratings for the P-ARBP 

 

 
21. It is interesting to note that ‘Aware’ has determined a risk of both precipitation increase and 
precipitation decrease.  
 
22. Apart from global climate change models, there is not enough good quality data available in 
the Panj-Amu River basin to carry out a viable climate change assessment. The recent river 
discharge data (post 2008) suffers from quality control issues and needs to be re-processed before 
any statistical analysis with historical data or detailed river basin modelling is carried out. 

1. Introduction 

23. There has been a small, but measurable increase in temperature and reduction in 
precipitation in Afghanistan since the 1960s. Climate change models are predicting that this trend 
will continue in the future. However, the accuracy of these models can be questioned due to the 
lack of reliable historical meteorological records in Afghanistan. Regional trends are also difficult to 
extrapolate due to the complexity of the country's topography. 
 
24. Climate change in Afghanistan is predicted to have severe consequences for socio-
economic development. The most vulnerable sector is water resources followed by forestry and 
rangeland, agriculture, health, biodiversity, energy and waste. 
 
25. Climate change may result in increased risks of flooding and drought. The main impacts at 
the project site are earlier and possibly more exacerbated flooding, changes to the distribution of 
water availability during the irrigation season and more frequent and severe droughts. 
 

a) Key Climatic Impacts on Water Resources 
 
26. Climate change is leading to scarcer water resources in Afghanistan. Development efforts 
are struggling to keep up with the challenges. As mountains are the major sources of water, 
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widespread mass losses from glaciers and reductions in snow cover over recent decades are 
projected to accelerate throughout the twenty-first century, reducing water supplies and 
hydropower potential as well as changing the seasonality of flows in basins supplied by melt-water 
from snow and ice. Rises in winter and spring temperatures will lead to earlier spring snow melt, 
creating risks of flash flooding. The impact of increasingly frequent flash floods is exacerbated by 
drought, which has the effect of hardening soils and reducing their permeability. Any efforts by 
Afghanistan to increase its share of water use in the region may have additional regional security 
or diplomatic implications. 
 

b) Key Climatic Impacts on Agriculture 
 
27. Drier and hotter conditions are predicted throughout Afghanistan. Both scenarios will have 
consequences for farmers relying exclusively on rain-fed agriculture, who are usually already 
impoverished relative to farmers enjoying access to irrigated land. Increased soil loss, reduced 
river flow from earlier snow melt, and less frequent rain during peak cultivation seasons will impact 
upon agricultural productivity and crop choice availability. Livestock numbers may be reduced by 
up to 50% during the periods of drought due to outward migration and starvation, reduced 
availability of animal feed, and less funds available for livestock husbandry. By 2060, large parts of 
the agricultural economy will become marginal without significant investment in water management 
and irrigation. 
 

c) Key Climatic Impacts on Forest, Rangeland and Biodiversity 
 
28. Climate change can impact enormously on forests and forest resources in Afghanistan with 
temperature changes. Warmer winters would imply reduced snow cover and less carryover of 
water to the growing season, leading to drought-induced forest decline. A combination of climate 
change with deforestation, land use change, habitat degradation and fragmentation presents a 
significant threat to biodiversity. Climate change can affect biodiversity either directly, by changing 
the physiological responses of species, or indirectly, by changing the relationships between 
species. 

2. Flood Events 

29. The project site near the main rivers, which will affect mostly the canal headworks and any 
river training projects, is at risk from current and future flood events, which may be amplified by 
climate change due to more rapid spring snow melt as a result of higher temperatures, combined 
with the downstream effects of land degradation, loss of vegetative cover and land 
mismanagement. 
 
30. Note however, that although the floods are likely to come earlier in the season due to 
increasing temperatures, it is uncertain if they will be more intense especially as there is a 
predicted reduction of spring (MAM) rainfall. The spring rainfall is often an important catalyst in 
initiating the annual snow melt. Reduced spring rainfall therefore indicates that the timing and 
intensity of the snow melt, and associated floods are less likely to be influenced by spring rainfall in 
the future. 
 
31. The floods produce an erosion risk through scouring of the river bed, especially around any 
man-made structures which interfere with the river flow. Depending on the magnitude of water 
velocities, scouring effects can be substantial. In the Kunduz River at the Char Dara river gauging 
station near Kunduz, for example, scouring produced an erosional channel within the river bed 
over four metres deep during the flood season between April and June 2012.4 
                                                           

4
  P-ARBP Mission II Report, International Hydrologist, Dec 2015. 



32. As the floods recede they start to deposit sediments, which quickly fills up the erosional 
channels produced in the river bed during the floods. At Char Dara, the erosional channel 
described above had completely disappeared by September 2012. 
 
33. The sediment load carried by the floods can cause siltation in the vicinity of, and within the 
irrigation structures, which requires annual de-silting of many irrigation canals. The amount of 
sedimentation may increase in the future, due to increased erosion in the upstream areas as a 
result of climate change impacts. These include an upslope retreat of the snowline, exposing 
permafrost to thawing and making slopes unstable resulting in landslides and mudslides5. 
 
34. Canal headworks will need to be strengthened to withstand anticipated flood events. As the 
headwork protects the rest of the canal from floods events, investments inside the canal should not 
be affected. 

3. Water Availability 

35. The projected increase in temperature combined with a decrease in precipitation will lead to 
widespread mass losses from glaciers and reduction in snow cover leading to reduced river flows 
and less carryover of water to growing season. This could cause crop failure in the irrigated areas, 
especially during the final part of the irrigation season. This risk is exacerbated by the current 
practice of over irrigation, leading to an inequitable distribution of available water resources. Water 
stress is currently felt in the downstream areas even during years of average flows. 
 
36. In the irrigated areas, the projected increase in temperature during the growing season 
(May – September) will increase the water demand due to increased evapotranspiration. This may 
also be exacerbated by reduced precipitation predicted in some parts of the P-ARB. The increase 
in water demand is estimated to be 3% to 5% by the mid 2030s. The increased water demand will 
have a net negative effect on water availability, especially in the downstream irrigated areas. 
 
37. Comparable studies on rice irrigation in Bangladesh6 and South-east China7 predict a 
maximum increase in water demand of 3% to 5% by 2050. Total water demand in the entire Amu 
Darya Basin are projected to increase by about 4% to 5% by 20508.  
 
38. Higher temperatures will also have an impact on the natural vegetation, and evaporation 
from these areas will increase so that less water will be available to recharge groundwater, and 
subsequently flow into the streams and rivers as base flow. 

4. Drought Frequency 

39. The project area is at risk from droughts due to less rainfall, widespread mass losses from 
glaciers and a reduction in snow cover, reduced river flows, hotter temperatures and drier 
conditions. Drought is likely to be regarded as the norm by 2030, rather than as a temporary or 
cyclical event. 

                                                           

5
 ADB (2014); Climate Change and Sustainable Water Management in Central Asia. Central and West Asia Working 

Paper Series No. 5, May 2014. 
6
 Mainuddin, M.; Kirby, M.; Chowdhury, R.A.R.; Shah-Newaz, S.M. (2015); Spatial and temporal variations of, and the 

impact of climate change on, the dry season crop irrigation requirements in Bangladesh. Irrig. Sci. 33, 107–120. 
7
 Wang, W.; Sun, F.; Luo, Y.; Xu, J. (2012); Changes of rice water demand and irrigation water requirement in southeast 

China under future climate change. Procedia Eng. 28, 341–345. 
8
 ADB (2014); Climate Change and Sustainable Water Management in Central Asia. Central and West Asia Working 

Paper Series No. 5, May 2014. 
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40. Droughts have a major impact on rain-fed agriculture so the watershed management 
component will need to integrate climate adaptation measures. 
 
41. Within irrigated areas droughts have a disproportionate impact on the middle and tail ends 
of canals. This is due to issues relating to (i) inefficient agricultural practises, such as over irrigating 
of rice padi – e.g. irrigation efficiency is estimated at only 25% in Afghanistan, and (ii) non-
equitable water distribution at the canal, sub-basin and river basin level. One of the main issues in 
the P-ARB is that many canals do not have efficient water control infrastructures – one of the main 
targets of investments under outputs 1 and 2 of the P-ARBP. 

5. Crop Productivity 

a) Introduction 
 
42. The impacts of climate change on crop productivity are highly uncertain due to the 
complexity of the impact of extreme events; 
 the impact of changes in pests and diseases; and 
 the high uncertainty in the extent to which the direct effects of CO2 rise on plant physiology will 

interact with climate change in affecting productivity. 
 

43. This means that at present the aggregate impacts of climate change on large-scale 
agricultural productivity cannot be reliably quantified. This is particularly pertinent to 
Afghanistan, given the lack of reliable historical data. 
 

b) Regional Studies 
 
44. Lobell (2012)9 carried out a global study on the influence of climate change on global crop 
productivity. He summarized how two key global change factors (temperature and CO2) could 
affect global productivity over the next few decades (see table below). A likely scenario in the near 
term is that warming will slow global yield growth by about 1.5% per decade while CO2 increases 
will raise yields by roughly the same amount. Past mid-century, it is likely that CO2 benefits will 
diminish and climate effects will be larger. 

Table 1: Estimates for the response of global average crop yields to warming and CO2 
changes over the next decades 

Global Crop Area Change in T 

per Decade 

(ºC) 

Change in 

Yield 

per ºC 

(%) 

Change in 

Yield 

due to 

temperature 

(%) 

Change in 

Yield 

due to CO2 

per decade 

(%) 

Overall 

Change in 

Yield per 

decade (%) 

Best Case 0.1 - 3 - 0.3 2.7   2.4 

Most Likely 0.3 - 5 - 1.5 1.8   0.3 

Worst Case 0.5 - 8 - 4 1 - 3 

Adapted from Lobell (2012). 

45. The net effects of warming and CO2 could be as negative as -3% per decade or as positive 
as +2% per decade, depending on how fast temperature and CO2 change and how responsive 
crop yields turn out to be. It is extremely difficult to estimate the actual impact of climate change on 

                                                           

9
  David B. Lobell* and Sharon M. Gourdji (2012); The Influence of Climate Change on Global Crop Productivity. Plant 

Physiology, December 2012, Vol. 160, pp. 1686–1697. www.plantphysiol.org/cgi/doi/10.1104/pp.112.208298 



crop yields, especially as negative effects of climate change could also be offset by future 
improvements to agricultural methods and superior crop types. 
 
46. In 2011 the UK Met Office conducted a number of studies on the physical impact of climate 
change on more than 20 countries, including India10. The report for India concluded that: 
 Quantitative crop yield projections under climate change scenarios for India vary across studies 

due to the application of different models, assumptions and emissions scenarios. 
 Global and regional-scale studies vary in their projections for India, however declines are 

generally projected for wheat and rice, two of India’s major crops. 
 Research at the national level supports this finding, projecting that in the absence of CO2 

fertilisation and adaptation, wheat yields could decline strongly in India. 
 Important knowledge gaps and key uncertainties include the quantification of yield increases 

due to CO2 fertilisation, quantification of yield reductions due to ozone damage and the extent 
to which crop diseases might affect crop yields with climate change. 
 

47. A recent study by Ray, D. K. et al. (2015)11 used detailed crop statistics time series to 
examine how recent climate variability (1979–2008) led to variations in maize, rice, wheat and 
soybean crop yields worldwide. For Afghanistan, the data shows that 27% of maize, 25% of rice 
and 32% of wheat yield variability can be explained by climate variability. The values are compared 
with the values for Tajikistan, Pakistan and India in the table below. 

Table 2: Yield variability explained by climate variability (0-1) 

No Country Maize Rice Wheat 

1 Afghanistan 0.27 0.25 0.32 

2 Tajikistan N/A* 0.22 0.49 

3 Pakistan 0.29 0.22 0.22 

4 India 0.35 0.33 0.30 

5 Global 0.39 0.32 0.35 

 *climate effect not statistically significant. 

48. A number of models were developed to explain crop yield variability and classified into 
seven categories of temperature and precipitation variations. In Afghanistan, the models which 
best explain crop yield variability are: 
 Maize - Extreme precipitation 
 Rice - Normal & extreme precipitation 
 Wheat - Normal precipitation 

 
49. The fact that the three crops are all precipitation dependent, rather than temperature or 
both temperature and precipitation dependent like in parts of India, can be explained by the 
importance of summer temperatures. 
 

c) Conclusions for the Panj-Amu River Basin 
 
50. Global and regional models have shown that there could be a negative impact on crop 
yields in the Panj-Amu River basin, though it is almost impossible to estimate this impact with any 
confidence. 
 

                                                           

10
 http://www.metoffice.gov.uk/climate-guide/science/uk/obs-projections-impacts. 

11
 Ray, D. K. et al. (2015); Climate variation explains a third of global crop yield variability. Nat. Commun. 6:5989 doi: 
10.1038/ncomms6989 (2015). 
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51. The most important control on recent crop yields is likely to have been precipitation, rather 
than temperature fluctuations though this may change in the future, especially if the higher 
temperature predictions are correct. 
 
52. It is proposed to simulate the possible impact on climate change on the economics of the 
Project using a sensitivity analysis. They key question is how large the sensitivity variable should 
be. It will be dependent on both the predicted reduction in precipitation and the predicted increase 
in temperatures. By the 2030s, we could expect: 
 Lower yields due to lower precipitation: In the irrigated areas, the total irrigated land could 

be reduced by at least 3%, based on the SRES A2 scenario of 3% less rainfall. This assumes 
that the upstream users continue to take all the water they need, and continue to operate at low 
irrigation efficiencies. In the non-irrigated areas lower precipitation could have a much more 
pronounced effect, especially for winter wheat as the main reduction in precipitation is 
predicted to occur in the Spring. 

 Lower yields due to higher temperatures: If we assume the worst case scenario of -3% 
change in crop yield per decade (Lobell, 2012) over two decades, this would lead to a 
reduction in yield of -6%. It would mostly affect the non-irrigated crops. 
 

53. For the economic sensitivity analysis, it is proposed to use the following scenarios for the 
possible impact of climate change in the Panj-Amu River Basin in 2035: 
 5% reduction in yields for irrigated crops (-3% for less rainfall & -2% for increased 

evapotranspiration due to higher temperatures) 
 10% reduction in yields for non-irrigated crops (-6% for increased temperatures & -4% for 

increased evapotranspiration due to lower spring rainfall) 

D. Sensitivity of Project Components to Climate/Weather 

Conditions 

54. The key components of the project which are likely to be affected by climatic conditions 
either during their construction and/or their lifetime are (i) rehabilitation of irrigation infrastructures 
and (ii) watershed management. 

1. Impact during construction 

a) Access to remote parts of the catchment cut off during the winter 
 
55. During the winter months access to the remoter parts of the Panj-Amu River basin can be 
restricted due to road closure caused by snow, avalanches and landslides. Access restrictions are 
an accepted part of life in these areas, and the local population adapts by stocking up supplies for 
the winter months. The key impact on project implementation is that work plans need to be 
adapted to carry out construction either before the winter sets in, or delay the work to the following 
spring. 
56.  

b) Intensity and timing of spring snow melt and associated floods 
 
57. The timing of the spring snow melt varies from year to year, depending on spring 
temperatures and any concurrent rainstorm events which can also contribute to melting. The 
melting of snow and ice is the main source of water for the annual flood season. The intensity and 
duration of the flood depends on the volume of snow and ice that has accumulated in the 
mountains during the winter, and also the speed of melting. Both factors will have an impact on the 



timing of irrigation infrastructure construction as these would be difficult during the flood season, 
particularly in the larger canals. 

2. Impact during project lifetime 

a) Access to remote parts of the catchment cut off during the winter 
 
58. The access restrictions in the remoter parts of the Panj-Amu basin during the winter months 
mean that any project maintenance, such as canal de-silting, needs to be carried out between the 
end of the irrigation season and the beginning of winter. This approach has already been a 
standard operating procedure in the basin since historical times, and is therefore not something 
that the population would regard as a new challenge. 
 

b) Intensity and timing of spring snow melt and associated floods 
 
59. The impact of floods on the project depends largely on its intensity and duration. Extreme 
flood events can damage canal infrastructure if modern headworks are non-existent or badly 
designed. This includes damage to the canal headwork as well as damage to structures along the 
course of the canal. 
 
60. Although the floods are likely to come earlier in the season due to increasing temperatures, 
it is uncertain if they will be more intense especially as there is a predicted reduction of spring 
(MAM) rainfall. The spring rainfall is often an important catalyst in initiating the annual snow melt. 
Reduced spring rainfall therefore indicates that the timing and intensity of the snow melt, and 
associated floods are less likely to be influenced by spring rainfall in the future. 
 
61.  As a general rule, during flood years most of the irrigated areas of the Panj-Amu River 
Basin receive sufficient water to satisfy irrigation demand. Average flood years, and below-average 
or drought years mean that there are insufficient water resources available to satisfy irrigation 
demand throughout the basin. Many areas in the middle and tail end of the canals, and especially 
canals in the lower reaches of the basin will experience drought. 
 

c) Intensity and frequency of heavy rainfall events 
 
62. Heavy rainfall events during the spring can be a catalyst to initiate the spring snow melt 
which results in the start of the annual flood season. The timing of spring rainfall events, combined 
with ambient temperature conditions is therefore an important ingredient in controlling the most 
important event in the P-ARB’s irrigation calendar. 
 
63. Heavy rainfall events and/or frequent events can result in landslides in the steeper parts of 
the P-ARB. This is especially effects the watershed management component of the project. 
 

d) Increased sedimentation & associated de-silting requirements 
 
64. The potential increase in the amount of sedimentation rates within the P-ARB as a result of 
higher erosion rates in the upper catchments, could result in higher maintenance costs of the 
canals as they may require more de-silting. This is an important area of concern, which links 
investments in the watershed management component with those in irrigation infrastructures. 
 

e) Intensity and frequency of drought events 
 
65. Drought events have an important impact on the non-irrigated areas of the P-ARB, and 
yields of crops such as winter wheat will be negatively affected during dry/drought years. 
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66. Droughts caused by reduced precipitation during the winter, and the associated inferior and 
shorter flood seasons can have devastating effects on the irrigated land, especially the rice crop. 
There is often sufficient water available during the first half of the irrigation season, and the 
shortages only become apparent when the flood season ends earlier than expected and the rice 
crop needs to be abandoned. The impact of drought years is felt disproportionally in the middle and 
tail ends of canals, as the available water resources are usually consumed by the upstream 
farmers. This has led to armed conflicts in the P-ARB. 
 

f) Increased crop water demand from evapotranspiration 
 
67. The projected increased crop water demand as a result of higher evapotranspiration means 
that in theory more water will be required in the future to supply the irrigated areas. However, the 
current practise of over-irrigation far exceeds the estimated increase in crop water demand caused 
by increased evapotranspiration. Improved water demand management within the irrigation canals 
is expected to decrease, rather than increase the overall water demand. This should liberate more 
water resources which can be used to increase the irrigated areas, both within the tail ends of 
canals and in downstream irrigated areas. Climate Risk Management Response within the Project. 
 
68. In light of broad, but highly uncertain, trends in key climate variables over the expected 
lifetime (25 years) of the project, the following climate risk mitigation measures have been included 
in the design. 
 
69. These are to mitigate against the main risks highlighted above being (i) flood events; (ii) 
reduced water availability especially in the growing season; (iii) drought and (iv) crop productivity 
due to reduced precipitation, particularly in the spring affecting crops such as winter wheat in non-
irrigated areas and higher temperatures, mainly affecting non-irrigated crops.   

3. Improved Design of Canal Headworks 

a) Design Floods 
 
70. All headworks will be strengthened to withstand anticipated flood events. 
  
71. The key design parameters are the anticipated flood level at the structure, and the 
associated flood velocity. These are calculated from design floods, which are chosen based on 
their return periods. The flood return period determines the risk of exceedance of the design flood 
during the life of the structure. 
 
72. The international best practice for the kinds of irrigation structures designed in the P-ARB is 
to use a 1 in 25-year flood event. This does not mean that it will occur only once in any 25-year 
period, but rather that there is a 1 in 25 chance that this flow rate will be exceeded in a year. A 
more accurate term to describe this flood is that it has an annual exceedance probability (AEP) of 1 
in 25. 
 
73. Although the conventional time period considered in determining exceedance probabilities 
is one year (and hence the term "annual exceedance probability"), the probability of exceedance 
over the design life of a structure is of more fundamental importance. For example, if a structure 
has an economic life of 25 years and is designed for a flood with an AEP of 1 in 25, there is a 
probability of 64% or almost 2 in 3 that it will be surcharged at least once in its life, assuming 
independence of events. The probability of failure over these longer periods is often termed "risk of 
failure". The risk of failure for different flood recurrence intervals is shown in the table below. 
 



74. During the implementation of the existing P-ARBP project a 1 in 50-year flood event (AEP of 1 
in 50) was chosen as a minimum design criterion to incorporate uncertainties in the quality of the 
hydrological data. The probability that that it will be surcharged at least once in its economic life of 25 
years is 39.7%, or 1 in 2.5. 

Table 3: Probability of one or more exceedances during design life 

Design Life 

(years) 

Design Flood Average Return Period (years) 

20 25 50 100 200 

20 64.2% 55.8% 33.2% 18.2% 9.5% 

25 72.3% 64.0% 39.7% 22.2% 11.8% 

50 92.3%  87.0% 63.6% 39.5% 22.2% 

100 99.4%  98.3% 86.7% 63.4% 39.4% 

200 100.0% 100.0% 98.2% 86.6% 63.3% 

 

75. The current design criteria proposed for the new P-ARBP is a 1 in 100-year flood event (1 
in 100 AEP) to incorporate climate change risks. The risk of failure of 22.2% during the 25-year 
design life is considered a reasonable compromise between cost, risk and uncertainty. The 
increased construction costs compared with the 1 in 50 AEP is approximately 15%, based on the 
design costs of the Laqi and Seyaab canal headworks. It is considered adequate, as there are in 
any case considerable uncertainties in climate change modelling of Afghanistan. 
 
76. Attempting a lower risk, for example by using a 1 in 200 AEP, is considered unreasonable 
and unnecessary for the following reasons: 

 The uncertainty of the flood estimate would be very high, given the short period of records 
available for determining the flood estimates in the P-ARB. The current flood estimates of 
the 1 in 100 AEP already incorporate a significant safety margin to incorporate 
uncertainties. 

 At higher floods, the bank full level will be exceeded in many locations. This means that the 
flood would spill over the edge of the river channel and flood the irrigated areas 
themselves. As the irrigated areas are quite large compared to the river section they can 
accommodate a lot of flood waters which means that the rate of rise in water levels will slow 
down considerably once bank full is exceeded. The current design criteria incorporate a 
safety margin above the maximum 1 in 100 AEP flood level, which usually already exceeds 
the bank full level. 

 Even if the tops of the structures were to be submerged during an extreme event, it is 
unlikely that the structure would be washed away, given the safety margins incorporated in 
the design of its foundations. 

 For the type of structures proposed in P-ARBP, a design taking into account a 1 in 100 AEP 
is already considered as very conservative. 
 

b) Minimum distance from the main river  
 
77. Another design criterion employed under the existing P-ARBP is to locate the canal 
headwork at a distance of at least 50 metres downstream of the braided river intake. This protects 
the structure from the worst erosional effects of the large floods, and does not add any extra costs 
to project implementation.  
 
78. The large floods may of course damage the traditional section of canal from its intake at the 
river until the canal headwork. This can be repaired in the conventional fashion by the WUAs (or 
whoever currently manages the canal), who are used to bearing this cost where modern canal 
headworks do not currently exist. Contribution to this labour by water users also helps social 
cohesion within the water user community. This is cheaper than the cost of extra fortifications to 
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protect the river bank and the headwork against erosion (scouring) risks closer to the (usually 
braided) river. It should also be noted that the presence of a modern headwork will result in a 
controlled flow in the canal, resulting in savings to the WUA as it will protect the rest of the canal 
from flood damage, which would occur without the presence of the headwork. 
 

c) Cost of Climate Proofing 
 
79. The additional cost of designing canal headworks for the 1 in 100-year as opposed to the 1 
in 50-year flood event is estimated at 15% of the total headwork budget, based on cost estimates 
made for the priority projects of P-ARBP and actual costs of headworks constructed under the 
existing P-ARBP. The estimated value of headworks to be constructed under the project is 
approximately US$4m so this would be an additional $546,000 for climate proofing.  

4. Better Allocation of Water Resources 

80. The project will help better cope with climate variability and change, particularly reduced 
water availability during the growing season, through better control and management of available 
water resources. As an example of potential benefits, in the 12th Six Monthly Report for the on-
going P-ARBP for the period April to October 2015, NGOs reported an average increase in 
cropped area of between 5 and 30% compared to 2009, especially in the downstream areas. In 
Concern's last six-month report (Oct 15 to Mar 16) they reported an average increase of 20%. This 
was attributed to a more equitable water distribution. 
 
81. The canal headworks will enable a better control of water inflows into the canals. This will 
protect the canals from excessive flows during floods, while allowing a more equitable distribution 
of available water resources during low flows and droughts, through water sharing agreements 
between upstream and downstream schemes, supported by the River Basin Agency (RBA) and 
Sub-basin Agencies (SBAs). A lower intake of water at the canal headwork will mean more water 
remains in in river for the benefit of downstream users and the environment.  
 
82. The establishment and training of Water User Associations (WUAs) and Irrigation 
Associations (IAs) will improve water allocation within the existing irrigated areas. A budget of 
US$1.8 million is allocated for these sub-components. 
 
83. The project will provide training and demonstrations improved on-farm water management, 
reducing the current practice of over-irrigation, which will leave more water in the canals for the 
benefit of users located in the middle and tail end of the canals. A budget of US$500,000 is 
allocated for this sub-component. 

5. Improved Agricultural Practises 

84. In order to reduce the risks of crop productivity decreases as a result of climate change, the 
project will also provide training and demonstrations in the use of more climate resilient agricultural 
practices (e.g. the System for Rice Intensification). The cost allocated to this component of the 
project is approximately US$ 500,000. 
 
 
 
 



6. Improved Monitoring and Management of Water 
Resources 

 
85. Gaps in the hydrological monitoring system and malfunctioning of some of the gauging 
stations will be addressed by the project in order to obtain a better understanding of the water 
budget of the Panj-Amu River Basin. The automatic flow gauging stations which are frequently 
damaged by floods will be moved out of the flood zone, and new mobile staff gauges will be 
installed in some of the most important ungauged tributaries. The cost allocated to this by the 
project is approximately US$100,000. 
 
86. Capacity building of the Water Resources Department (MEW) will address the current 
weakness in hydrological data quality control within the Panj-Amu River Basin, and lead to the 
development of a better basin model based on a daily time step. This model could also incorporate 
climate change simulations. The cost allocated to this sub-component by the project is US$1.7 
million. 
 
87. These measures will help improve water availability forecasting, leading to more equitable 
sharing between schemes based on established protocols, which will mitigate against reduced 
water availability and droughts. Improved models will assist in the development of long-term water 
resources development plans for the construction of for example water storage schemes (to 
mitigate against drought and reduced water availability) and flood protection schemes. 

 
 

7. Climate Adaptation for Watershed Management 
 
88. The watershed management component will integrate climate adaptation measures. These 
include (i) physical interventions for increased access to water (e.g. water storage ponds with 
capacities up to 10,000m3) which will mitigate against reduced water availability and droughts, 
improvements to precipitation infiltration and recharge, reduced soil erosion and landslides by 
restoring the original vegetation, which will protect downstream irrigation infrastructure from flash 
flooding and siltation, (ii) adaptation measures such as changes to the cropping calendar and 
adjusting cropping methods to mitigate against reduced water availability and lower crop 
productivity, (iii) resilience measures such as alternative crops (e.g. medicinal plants), alternative 
livelihoods (e.g. higher-value crops) and alternative sources of fuel (e.g. solar power). The cost 
allocated to this component is US$3.8 million. 
 
89. It should be noted that watershed management and protection will also have a climate 
mitigation role through tree planting and resulting carbon sequestration. 

Table 4: Summary of climate adaptation/risk-mitigation measures 

Intervention Cost (US$) 

Climate-proofing of headworks to withstand flood events 546,000 

Better allocation of water resources through the establishment and training of Water 

User Associations (WUAs) and Irrigation Associations (IAs) 1,800,000 

Training and demonstrations in the use of more climate resilient agricultural practices 

and in improved on-farm water management 500,000 

Rain, snow and river measuring gauges for the improved monitoring of water 

resources 100,000 

Improved water resources planning systems 1,700,000 

Climate adaptation for watershed management 3,800,000 

 8,446,000 
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Appendix 2: Checklist for Preliminary 
Climate Risk Screening 
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Appendix 3: AWARE for Projects Risk 
Screening Report 

See separate report attached. 

 

 
 
 



01 Introduction
This report summarises results from a climate risk screening exercise. The project information and location(s)
are detailed in Section 02 of this report.

The screening is based on the AwareTM geographic data set, compiled from the latest scientific information on
current climate and related hazards together with projected changes for the future where available. These data
are combined with the project’s sensitivities to climate variables, returning information on the current and
potential future risks that could influence its design and planning.

Project Information

PROJECT NAME: Panj-Amu Basin Project

SUB PROJECT: Irrigation and River basinmanagment

REFERENCE: REA Checklist

SECTOR: Agriculture

SUB SECTOR: Irrigation (surface & groundwater) and drainage

DESCRIPTION: Th eproject will rehabilitate irrigation infrstructure, improve river basin managment and on-
farm water management.

02 Chosen Locations

1) Afghanistan

Section 1 of 12
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03 Project Risk Ratings

Below you will find the overall risk level for the project together with a radar chart presenting the level of risk
associated with each individual risk topic analysed in AwareTM. Projects with a final “High risk” rating are always
recommended for further more detailed climate risk analyses.
The radar chart provides an overview of which individual risks are most significant. This should be used in
conjunction with the final rating to determine whether the project as a whole, or its individual components,
should be assessed in further detail. The red band (outer circle) suggests a higher level of risk in relation to a
risk topic. The green band (inner circle) suggests a lower level of risk in relation to a risk topic.
In the remaining sections of this report more detailed commentary is provided. Information is given on existing
and possible future climate conditions and associated hazards. A number of questions are provided to help
stimulate a conversation with project designers in order to determine how they would manage current and
future climate change risks at the design stage. Links are provided to recent case studies, relevant data portals
and other technical resources for further research.

Final project risk ratings 

High Risk 

Breakdown of risk topic ratings 
A) Temperature increase

B) Wild fire

C) Permafrost

D) Sea ice

E) Precipitation increase

F) Flood

G) Snow loading

H) Landslide

I) Precipitation decrease

J) Water availability

K) Wind speed increase

L) Onshore Category 1 storms

M) Offshore Category 1 storms

N) Wind speed decrease

O) Sea level rise

P) Solar radiation change
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I have acknowledged the risks highlighted in this section.

04
HIGH
RISK

TEMPERATURE INCREASE

ACCLIMATISE COMMENTARY

1. What does this mean for the design of my project?

• The project is considered to have high sensitivity to increased temperature and there is a potential
for more frequent exceedance of current design standards. See "Critical thresholds" in the "Help
and glossary" section for further details on how a changing climate can impact on critical
thresholds and design standards.

• The design, operational and maintenance standards should be reviewed - take into consideration
current impacts of high temperatures as well as potential future changes.

2. How could current high temperatures affect the project even without future climate
change?

• Heatwaves put stress on buildings and other infrastructure, including roads and other transport
links. In cities, the ‘urban heat island’ can increase the risk of heat related deaths.
• Warm weather can raise surface water temperatures of reservoirs used for industrial cooling. In
addition, this could impact local eco-systems, improving the growing conditions for algae and
potentially harmful micro-organisms in water courses.
• Heatwaves can have an impact on agricultural productivity and growing seasons. 
• High temperatures can have implications for energy security. Peak energy demand due to
demand for cooling can exceed incremental increases on base load in addition to the risk of line
outages and blackouts.
• Human health can be affected by warmer periods. For example, urban air quality and disease
transmission (e.g. malaria and dengue fever) can be impacted by higher air temperatures.
• Wildfire risk is elevated during prolonged warm periods that dry fuels, promoting easier ignition
and faster spread.
• Permafrost and glacial melt regimes as impacted by warm periods.
• If our data suggests that there are existing hazards associated with high temperatures in the
region, they will be highlighted elsewhere in the report. This may include existing wildfire risks as
well as areas potentially impacted by permafrost and glacial melt.

3. What does the science say could happen by the 2050s?

• Climate model projections agree that
seasonal temperatures will increase by over 2
˚C in the project location. This indicates a
relatively low degree of uncertainty that
temperatures will increase in the region.
• If you want to know more about projected
changes in the project location across a range
of GCMs and emissions scenarios please refer
to The Nature Conservancy's Climate Wizard
for detailed maps and Environment Canada’s
Canadian Climate Change Scenarios Network
for scatter plots of expected changes.

4. What next?

1. See the section "Further reading" in "Help and glossary" at the end of this report which lists a
selection of resources that provide further information on a changing climate.
2. Click here or here for the latest news and information relating to temperature and climate
change.
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I have acknowledged the risks highlighted in this section.

05
HIGH
RISK

PRECIPITATION INCREASE

ACCLIMATISE COMMENTARY

1. What does this mean for the design of my project?

• The project is considered to have high sensitivity to increased precipitation and there is a potential
for an increase in incidences where current design standards will not be sufficient. See "Critical
thresholds" in the "Help and glossary" section for further details on how a changing climate can
impact on critical thresholds and design standards.

• The design, operational and maintenance standards should be reviewed - take into consideration
current impacts of heavy precipitation events as well as potential future changes.

2. How could current heavy precipitation affect the project even without future climate
change?

• Seasonal runoff may lead to erosion and
siltation of water courses, lakes and reservoirs.
• Flooding and precipitation induced landslide
events.
• In colder regions, seasonal snow falls could
lead to overloading structures and avalanche
risk.
• If our data suggests that there are existing
hazards associated with heavy precipitation in
the region, they will be highlighted elsewhere
in the report. This may include existing flood
and landslide risks.

3. What does the science say could happen by the 2050s?

• Climate model projections do not agree that seasonal precipitation will increase in the project
location which could indicate a relatively high degree of uncertainty (see the section "Model
agreement and uncertainty" in "Help and glossary" at the end of this report). On the other hand,
this could also mean precipitation patterns are not expected to change or may even decrease (see
elsewhere in the report for more details of projections related to precipitation decrease).
• If you want to know more about projected changes in the project location across a range of GCMs
and emissions scenarios please refer to The Nature Conservancy's Climate Wizard for detailed
maps and Environment Canada’s Canadian Climate Change Scenarios Network for scatter plots of
expected changes.

4. What next?

1. See the section "Further reading" in "Help and glossary" at the end of this report which lists a
selection of resources that provide further information on a changing climate.
2. Click here or here for the latest news and information relating to water and climate change.
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I have acknowledged the risks highlighted in this section.

06
HIGH
RISK

FLOOD

ACCLIMATISE COMMENTARY

Our data suggest that the project is located in
a region which has experienced recurring major
flood events in the recent past. A high
exposure in Aware means that between 1985
and 2010 there have been more than one
significant, large-scale flood event in the
region. This is based on post-processed data
from the Dartmouth Flood Observatory at the
University of Colorado. The risk and type of
flooding is dependent on local geographical
factors including:

• Proximity to the coast and inland water
courses
• Local topography
• Urban drainage infrastructure
• Up to date information on flood risk worldwide is available online, for example UNEP / UNISDR's
Global Risk Data Platform.

1. What the science says could happen in the future and what does this mean for the design
of my project?

• Climate change is projected to influence the frequency and intensity of flood events.
• Existing engineering designs may not take into consideration the impact of climate change on the
risks from flooding. See "Critical thresholds" in the "Help & glossary" section for further details on
how a changing climate can impact on critical thresholds and design standards.
• If flooding is identified as a potential problem for the project, it is recommended that a more
localised and in-depth assessment is carried out. This information can then be used to inform the
project design process if necessary.

2. As a starting point you may wish to consider the following questions:

Q1 Would the expected performance and maintenance of the project be impaired by flooding?
Q2 Is there a plan to integrate climate change into a flood risk assessment for the project?
Q3 Will the project include continuity plans which make provision for continued successful
operation in the event of floods?

3. What next?

• See the section "Further reading" in "Help and glossary" at the end of this report which lists a
selection of resources that provide further information on a changing climate.
• Click here or here for the latest news and information relating to floods and climate change.
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1. What does this mean for the design of my project?

• The project is considered to have high sensitivity to decreased precipitation and there is a
potential for an increase in incidences where current design standards will not be sufficient. See
"Critical thresholds" in the "Help and glossary" section for further details on how a changing
climate can impact on critical thresholds and design standards.

• The design, operational and maintenance standards should be reviewed - take into consideration
current impacts of decreased precipitation events as well as potential future changes.

2. How could reduced precipitation affect the project even without future climate change?

• Decreased seasonal runoff may exacerbate
pressures on water availability, accessibility
and quality.
• Variability of river runoff may be affected such
that extremely low runoff events (i.e. drought)
may occur much more frequently.
• Pollutants from industry that would be
adequately diluted could now could become
more concentrated.
• Increased risk of drought conditions could
lead to accelerated land degradation,
expanding desertification and more dust

storms.
• If our data suggests that there are existing hazards associated with decreased precipitation in the
region, they will be highlighted elsewhere in the report. This may include water availability and
wildfire.

3. What does the science say could happen by the 2050s?

• Climate model projections do not agree that seasonal precipitation will decrease in the project
location which could indicate a relatively high degree of uncertainty (see the section "Model
agreement and uncertainty" in "Help and glossary" at the end of this report). On the other hand,
this could also mean precipitation patterns are not expected to change or may even increase (see
elsewhere in the report for more details of projections related to precipitation increase).
• If you want to know more about projected changes in the project location across a range of GCMs
and emissions scenarios please refer to The Nature Conservancy's Climate Wizard for detailed
maps and Environment Canada’s Canadian Climate Change Scenarios Network for scatter plots of
expected changes.

4. What next?

1. See the section "Further reading" in "Help and glossary" at the end of this report which lists a
selection of resources that provide further information on a changing climate.
2. Click here or here for the latest news and information relating to water and climate change.
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• Our data suggest that the project is located in
a region where there may be future water
stress (2020s - 2050s). A high exposure in
Aware means that either water stress is
‘extreme’ or high seasonal temperatures
coincide with relatively low rainfall. Extreme
water stress is defined as ‘less than 0.5 million
litres available per person per year’ based on
climate information as well as the effects of
income, electricity production, water-use
efficiency and other driving forces. This is post-
processed data from Alcamo et al., 2007. Away

from populated regions, high exposure also occurs where high seasonal temperatures (above 28
degrees Celsius average over 6 months) coincide with low rainfall (less than 100mm per month
average over 6 months). This is based on post-processed data from the Global Precipitation
Climatology Centre (GPCC), Climatic Research Unit (CRU) and a range of GCM projections.
• The situation may be exacerbated if there is increased competition for water with other users in
the area and changes in local demographics.
• An associated reduction in water quality could also have a negative impact on the project.

1. What the science says could happen in the future and what does this mean for the design
of my project?

• Climate change is projected to influence water availability. Regions that are already dry may
suffer further if future precipitation is projected to decrease. Increased evaporation due to rising
temperature will further impact on water availability. Seasonal availability of water may also change
whereby there may be a shift in the timing of its availability.
• Existing engineering designs may not take into consideration the impact of climate change on the
risks from water availability and design standards may not be met. See "Critical thresholds" in the
"Help & glossary" section for further details on how a changing climate can impact on critical
thresholds and design standards.
• If water availability is identified as a potential problem for the project, it is recommended that a
more localised and in-depth assessment is carried out. This information can then be used to inform
the project design process if necessary.
• If you want to know more about projected changes in water availability in the project location,
please refer to: the World Resources Institute's Aqueduct.

2. As a starting point you may wish to consider the following questions:

Q1 How would a lack of water impact the expected performance of the project?
Q2 Would a reduction in water supply have consequences for the expected maintenance of the
project?
Q3 Will there be a water shortage continuity strategy in place for the project?
Q4 Will it be necessary to carry out water availability risk assessments in any of the project
locations? If so, these assessments should take into account climate change?
Q5 Will there be an investment in water efficient technology or practices to help minimise the
quantities of water required for its operational processes?

3. What next?

• See the section "Further reading" in "Help and glossary" at the end of this report which lists a
selection of resources that provide further information on a changing climate.
• Click here or here for the latest news and information relating to water and climate change.
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1. What does this mean for the design of my project?

• The project is considered to have medium sensitivity to wind and there is a potential for an
increase in incidences where current design standards will not be sufficient. See "Critical
thresholds" in the "Help and glossary" section for further details on how a changing climate can
impact on critical thresholds and design standards.

• The design, operational and maintenance standards should be reviewed - take into consideration
current impacts of increasing wind speed as well as potential future changes.

2. How could stronger winds affect the
project even without future climate change?

• The design and operation of certain
infrastructure (e.g. wind turbines) is determined
by the prevailing climatic wind conditions. 
• Given the energy in the wind is the cube of
wind speed, a small change in the wind climate
can have substantial consequences for the
wind energy available. 
• Similarly, small changes could have dramatic
consequences for wind related hazards e.g.

wind storm damage. 
• If our data suggests that there is an existing risk of tropical storms in the region, it will be
highlighted elsewhere in the report.

3. What does the science say could happen in the future?

• Climate change could alter the geographic distribution and/or the seasonal variability of wind
resource. 
• Climate model projections remain uncertain and it appears unlikely that mean wind speeds will
change by more than the current inter-annual variability. 
• Changes in extreme wind speeds associated with extra-tropical and tropical storm are similarly
uncertain. However, there have been studies that suggest fewer but more intense events. Stronger
storms bring with them an increases risk of coastal storm surge, coastal erosion, wind damage and
flooding.
• Given future uncertainty it is advisable to carefully assess past wind speed in the region, bearing
in mind that it could change in the future. The UNEP Solar and Wind Energy Resource
Assessment SWERA provides a useful global overview of wind information.

4. What next?

1. See the section "Further reading" in "Help and glossary" at the end of this report which lists a
selection of resources that provide further information on a changing climate.
2. Click here or here for the latest news and information relating to wind and climate change.
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The sections above detail all High and Medium risks from AwareTM. Selected Low risks are also
detailed. Local conditions, however, can be highly variable, so if you have any concerns related to
risks not detailed in this report, it is recommended that you investigate these further using more
site-specific information or through discussions with the project designers.
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HELP AND GLOSSARY:

Model agreement and uncertainty:
Although climate models are constantly being improved, they are not good enough to predict future
climate conditions with a degree of confidence which would allow precise adaptation decisions to
be made. Outputs from different climate models often differ, presenting a range of possible climate
futures to consider, and ultimately a wide range of possible actions to take. In Aware, climate
projections are described as having potentially higher degree of uncertainty when less than 14 out
of 16 GCMs agree on the direction and / or a pre-defined magnitude of change.
Even with improvements in climate modelling, uncertainties will remain. It is likely that not all the
climate statistics of relevance to the design, planning and operations of a project's assets and
infrastructure will be available from climate model outputs. The outputs are typically provided as
long-term averages, e.g. changes in average monthly mean temperature or precipitation. However,
decisions on asset integrity and safety may be based on short-term statistics or extreme values,
such as the maximum expected 10 minute wind speed, or the 1-in-10 year rainfall event. In such
cases, project designers or engineers should be working to identify climate-related thresholds for
the project (see "Critical thresholds" section below) and evaluate whether existing climate trends
are threatening to exceed them on an unacceptably frequent basis. Climate models can then be
used to make sensible assumptions on potential changes to climate variables of relevance to the
project or to obtain estimates of upper and lower bounds for the future which can be used to test
the robustness of adaptation options.
The key objective in the face of uncertainty is therefore to define and implement design changes
(adaptation options) which both provide a benefit in the current climate as well as resilience to the
range of potential changes in future climate.

Critical thresholds:

The relationship between a critical threshold and a climate change related success criterion
for a project. [Source: Willows, R.I. and Connell, R.K. (Eds.) (2003). Climate adaptation: Risk,
uncertainty and decision-making. UKCIP Technical Report, UKCIP, Oxford].
A key issue to consider when assessing and prioritising climate change risks is the critical
thresholds or sensitivities for the operational, environmental and social performance of a project.
Critical thresholds are the boundaries between ‘tolerable’ and ‘intolerable’ levels of risk. In the
diagram above, it can be seen how acceptable breaches in a critical threshold in today’s climate
may become more frequent and unacceptable in a future climate.
Climate change scenarios can be used to see if these thresholds are more likely to be exceeded in
the future. The simplest example is the height of a flood defence. When water heights are above
this threshold, the site will flood. The flood defence height is the horizontal line labelled ‘critical
threshold’. Looking at the climate trend (in this case it would be sea level or the height of a river) –
shown by the blue jagged line – it can be seen that the blue line has a gradual upward trend
because of climate change. This means that the critical threshold is crossed more often in the
future – because sea levels are rising and winter river flows may be getting larger. So, to cope with
this change, adaptation is needed – in this case, one adaptation measure is to increase the height
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this change, adaptation is needed – in this case, one adaptation measure is to increase the height
of the flood defence.

Further reading:

Report detailing changes in global climate:
The Global Climate 2001 - 2010 (PDF)

IPCC report on climate-related disasters and
opportunities for managing risks:
Managing the Risks of Extreme Events and
Disasters to Advance Climate Change
Adaptation (SREX)

IPCC report on impacts, adaptation and
vulnerability:
Working Group II Report "Impacts, Adaptation
and Vulnerability"

IFC report on climate-related risks material to
financial institutions:
Climate Risk and Financial Institutions.
Challenges and Opportunities.

Aware data resolution:
The proprietary Aware data set operates at a resolution of 0.5 x 0.5 decimal degrees (approximately
50 km x 50 km at the equator). These proprietary data represent millions of global data points,
compiled from environmental data and the latest scientific information on current climate / weather
related hazards together with potential changes in the future. Future risk outcomes are based on
projections data from the near- to mid-term time horizons (2020s or 2050s, depending on the
hazard and its data availability).
Global climate model output, from the World Climate Research Programme's (WCRP's) Coupled
Model Intercomparison Project phase 3 (CMIP3) multi-model dataset (Meehl et al., 2007), were
downscaled to a 0.5 degree grid.
[Meehl, G. A., C. Covey, T. Delworth, M. Latif, B. McAvaney, J. F. B. Mitchell, R. J. Stouffer, and K.
E. Taylor: The WCRP CMIP3 multi-model dataset: A new era in climate change research, Bulletin
of the American Meteorological Society, 88, 1383-1394, 2007]

Aware data application:
In some instances Risk Topic ratings are only based on Aware data, including:
• Flood
• Permafrost
• Landslides

Country level risk ratings:
These are generated from the data points within a country’s borders. For single locations, site-
specific data are used, and for multiple locations or countries, composite data across the portfolio
of locations are used.

Glossary of terms used in report
"Climate model projections agree": defined as more than 14 out of 16 GCMs agreeing on the
magnitude (e.g. temperature warming of 2 °C) and / or direction of change (e.g. seasonal
precipitation).
"Climate model projections do not agree": defined as 14 or fewer out of 16 GCMs agreeing on the
magnitude (e.g. temperature warming of 2 °C) and / or direction of change (e.g. seasonal
precipitation).
“Significant proportion”: defined as at least 25% of locations when multiple locations are selected.
“Large proportion”: defined as at least 75% of locations when multiple locations are selected.

http://www.ifc.org/wps/wcm/connect/topics_ext_content/ifc_external_corporate_site/cb_home/publications/climaterisk_financial_institutions
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/contents.html
http://ipcc-wg2.gov/SREX/
http://www.acclimatise.uk.com/download.php?u=&a=&ref=163&f=wmo_1119_en.pdf


“Large proportion”: defined as at least 75% of locations when multiple locations are selected.
The above thresholds are used as a means of providing a project-wide risk score where a project
may be spread across multiple locations. This requires more than one individual location to be at
risk to begin signifying whether there is a risk at the overall project level. However, it is always
recommended that individual locations are analysed separately for more accurate, site-specific risk
screening. The overall risk score for the project (high, medium or low) is based on a count of high
risk topic scores. A project scores overall high risk if greater than or equal to 3 individual risk topics
score high. A project scores overall medium risk if between 1 and 2 individual risk topics score high.
A project scores overall low risk if none of the individual risk topics score high.



DISCLAIMER:

The Content in Aware and its output report is provided on an “as is” and an “as available” basis and
without warranties of any kind either expressed or implied. To the fullest extent permissible
pursuant to applicable law, Acclimatise disclaims all warranties, express or implied, including, but
not limited to, implied warranties of merchantability and fitness for a particular purpose. Acclimatise
does not warrant that the functions contained in the Content will be uninterrupted or error-free and
does not accept any responsibility for any mistakes, errors or other deficiencies in the Content and
disclaims all liability in respect of your use of the Content to the fullest extent possible in each and
every applicable jurisdiction.
Neither Acclimatise nor any third party content providers shall be liable for any errors, inaccuracies
or delays in content, or for any actions taken in reliance thereon. The Content is for general
information purposes only. The Content is provided by Acclimatise and from sources which
Acclimatise believes to be reliable and whilst every endeavour is made to keep the information up-
to-date, complete and correct, no representations or warranties are made of any kind, express or
implied, about the completeness, accuracy, reliability, suitability or availability with respect to the
Content. Any reliance you place on such information is therefore strictly at your own risk.
The Content does not provide any form of advice (investment, tax, legal) amounting to investment
advice, or make any recommendations regarding particular financial instruments, investments or
products. Acclimatise will not be liable for any loss or damage caused by a reader's reliance on
information obtained in our Content. Users are solely responsible for their own investment
decisions. Acclimatise’s opinions and analyses are based on sources believed to be reliable and
are written in good faith, but no representation or warranty, expressed or implied, is made as to
their accuracy or completeness. Acclimatise is not authorised for the conduct of investment
business (as defined in the UK's Financial Services and Markets Act 2000) and the Content
provided in our services and products are not intended as, and shall not constitute, investment
advice.
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