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GLOSSARY 
 

Catchment In its totality a catchment is equivalent to a watershed, however a 
watershed may comprise of micro-catchments and sub-
catchments. In this document a catchment refers to a subset of 
the larger watershed.  

Watershed A topographically delineated area from which rainwater drains as 
surface run-off via a river or stream to a common outlet point (e.g. 
a large river, lake or the sea).  

Watershed management Securing watershed functions in a sustainable manner. Broadly 
these functions include: 
➢ Ecological function: availability of sufficient good quality water 

over time, space; erosion control, soil fertility, biodiversity, 
clean air, carbon sequestration;  

➢ Economic function: sufficient natural resource products like 
food, fuel wood, timber, water, fish, energy required for basic 
needs of the local population; income generating opportunities;  

➢ Social function: maintenance of social structures; protection 
and development of knowledge and lifestyle arrangements; 
maintenance and revitalisation of cultural identity and values, 
recreational facilities. 

 

NOTE(S) 
 

(i) In this report, “$” refers to US dollars unless otherwise stated. 
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I. INTRODUCTION 

A. Purpose of the Risk and Vulnerability Assessment 

1. This Risk and Vulnerability Assessment (CRVA) is provided as part of the Sustainable 
Rural Infrastructure Sector Project (SRIWSM). It provides guidance for the design of subprojects 
during implementation, to ensure that they are developed in ways that mitigate the climate-related 
risks. All infrastructure is vulnerable to extremes under current climatic conditions, but there are 
increased risks that derive from projections of climate change. The resilience of project-supported 
infrastructure is dependent on an understanding of the possible extreme events that may occur, 
and the incorporation of suitable adaptation in their design and management. Since the project’s 
main infrastructure developments will involve irrigation systems – river water intakes, canals and 
distribution systems – the resilience of these structures is the main focus of the CRVA. However, 
it also applies to other infrastructure likely to be included in project investments, such as rural 
roads and bridges. 
 
2. The assessment also covers other disasters that could potentially affect the project. In 
terms of likelihood and severity, climatic or climate-related disasters are significantly greater risks 
than other possible destructive events. Nevertheless, a section of the document assesses other 
risks, based on historical events and assessing possible future impacts in relation to the project. 
 
3. ADB’s note on Climate Risk Management in ADB Projects (ADB, 2014) summarises the 
CRVA as follows. “A detailed climate risk and vulnerability assessment is carried out for projects 
classified as medium or high risk during project preparation. The assessment aims to quantify 
risks and identify adaptation options that can be integrated into the project design. The level of 
technical rigor of the assessment depends on the project complexity and availability of climate 
data and information for the project area. It can range from a simple desk analysis to a complex 
assessment based on custom climate projections to enable a more detailed assessment.” 
 
4. The project provinces are identified as highly vulnerable to climate change1, and so the 
climate risk and vulnerability assessment has been made an integral part of the project 
preparation. Climate change is a complex and as yet not fully understood phenomenon, where 
predictions are based on mathematical models. Since the input variables for the models are 
essentially infinite and the interactions between them not completely defined, especially for areas 
with maritime influence (such as south-east Asia with the strong influence of the south-west 
monsoon from the Indian Ocean), no single model is yet considered sufficiently reliable to use as 
the basis for economic modelling. The standard practice is therefore to use a range of models to 
attempt to develop a “consensus” as to what future scenario is most likely. Laos is not a big 
contributor to the causes of climate change but may be disproportionately at risk from the resulting 
effects. This is largely because of the high dependence of the population on mainly subsistence 
agriculture and fisheries. The SRIWSM is in itself part of the solution, in that it will help to improve 
resilience in agriculture, yet its interventions must be sufficiently robust that they do not fail as a 
consequence of the very factors that they are intended to mitigate. 
 
B. Sustainability of Irrigation Systems 

5. The ADB’s Irrigation Subsector Guidance Note (ADB, 2017) places resilience to climate 
change firmly within the sustainability of a project. It summarises the concept of sustainability as 

 
                                                
1 ADB AWARE assessment  
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follows. “‘Sustain’ means that the irrigation system will continue to operate at its optimal 
performance. This includes managing the water resources to account for reallocations to other 
users, prevent adverse depletion, and enhance resilience to climate variability and the anticipated 
impact of climate change. It also means ensuring that all costs relating to the management, 
operation, maintenance, and asset depreciation of the system are affordable and are fully covered 
by government, user (farmer), or private sector financing.” Hence design and management 
systems that are capable of withstanding climate extremes are key to sustainability. 
 
6. In practice, in the context of Lao PDR’s humid tropical climate, resilience for irrigation 
systems means accommodating the possible weather events that might occur in the lifetime of 
the infrastructure. This is based on historical experience, usually of between 10 and 30 years, 
which is a very short period in the overall timeframe of climatic fluctuations. Although factors such 
as increased temperatures and carbon dioxide levels, and changes in insolation may occur, they 
will affect the management of crops rather than the infrastructure itself. The overwhelming 
climate-related impacts affecting irrigation infrastructure will be those that lead to flood or drought. 
Resilience against extreme water flows in the rivers supplying irrigation water is certainly both 
important and very likely to be required – even if only to accommodate current variability. 
 
7. Responsibility for infrastructure maintenance is assigned to water user groups under the 
Irrigation Management Transfer (IMT) policy despite there being no transfer of the asset 
ownership. Under the past and some ongoing irrigation investments, including those financed by 
ADB, for the purpose of irrigated rice production sector performance clearly shows this to be not 
sustainable simply due to the extremely low financial and economic returns from irrigated rice in 
Laos PDR. Higher value crops through dry seasons production or diversification within the 
irrigation command areas has the potential to improve affordability of operational and 
maintenance costs and therefore increase the probability of sustainability.  
 
C. Rationale for the Project 

8. The proposed SRIWSM Sector Project will increase the profitability of the agriculture, 
natural resources and rural development sector by enhancing sustainable, market oriented 
agricultural production together with natural resources management. The project will: (i) enable 
farmers to derive increased income from high value crops and livestock; (ii) support catchment 
watershed ecological services to be protected within the productive rural infrastructure (PRI)2 
scheme watersheds; (iii) upgrade PRI to be climate resilient, with efficient and sustainable 
operation and maintenance; and (iv) improve the nutritional status of target communities. 
 
9. The project rationale is economic growth through the sustainable use of natural resources 
by maximising the value of irrigation water to smallholder irrigators and the wider rural 
communities of which they are part. Historically, investment in wet season irrigation improvements 
involved replacing traditional weirs and structures with engineered concrete structures to provide 
supplemental wet season irrigation. The headworks and distribution canals generally fed water to 
the highest point of the command area, from where field to field flow was used for distribution. 
This improved household food security and often provided surplus rice which could be sold. 
However, it had limited capacity for dry season cultivation and diversification. The policy priority 
for food security through irrigated rice production is no longer justified with a growing surplus of 

 
                                                
2 PRI refers to irrigation (pumping stations, weirs, canals, water management, and control structures) and access 

infrastructure (rural roads/bridges) integral to the functioning of irrigation schemes. 
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rice at the national level and as such the SRIWSM represents the transition of ADBs irrigation 
support from food security to wider economic growth policy objectives.  
 
10. The government policy transfers to water users the management of irrigation systems. 
However, low returns from rice do not currently provide sufficient margin to finance more efficient 
water management and maintenance of assets through the irrigation service fees that users 
contribute. As a result, most schemes do not maintain assets or use operational systems that 
support their command areas, leading to a decline in size and efficiency over time.  
 
11. Dry season crop and livestock systems have vastly higher income opportunities than are 
feasible from irrigated rice. These opportunities require dry season irrigation, when water is less 
abundant and requires active management in the command area. But without effective control 
over water, farmers face insecure or uncertain irrigation outcomes and will not invest in new 
opportunities. Ensuring control requires more in-command area investment for delivering the right 
amount of water, at the right time and in sufficient quantity. This needs a move away from systems 
of field to field flow with abundant wet season water, to approaches which increase the precision 
of use of potentially scarce water. Equally important is the recognition that labor is increasingly 
scarce and valuable, with most irrigators earning less than 50% of their income from agriculture. 
The allocation of labor to nonfarm activities reflects the low rate of return from rice that is no longer 
required for household food security.  
 

12. The efficient use of water is critical because of the impact of climate change and resultant 
instability within both ecosystems and production cycles. Hence water management is 
increasingly no longer a choice but is becoming a necessity. New technologies that increase 
efficiencies in both water use and labour must be the priority to maximise the value of irrigation 
water. The control of water requires capacity in the Water User Groups to plan and operate their 
schemes. These operational inputs require financing, which wet season rice is unable to provide 
– resulting in rice-only irrigation schemes being unsustainable. 
 
13. Dry season irrigation is exposed to upper catchment degradation and loss of watershed 
environmental services that reduce in-catchment storage and lead to longer periods of low flows 
during projections for extended dry seasons. Managing catchment-based risks to the watershed 
is a critical success factor for the sustainability of dry season irrigation. Uncertainty of water 
access or unreliable water quantities make smallholder investment too risky, with farming 
households moving their labour into off-farm opportunities. To date, Participatory Land Use 
Planning has too often been seen as an output to address these risks, when in fact it is little more 
than an input albeit an important input. The output requires a stronger focus on changing land use 
behaviours. Planning systems need to identify far more clearly what behaviours need to change, 
who in these communities are responsible for these behaviours and how can they be supported 
for change to more supportive and benign land use or land management choices.  
 
14. The efficient allocation of labour and farmer investment into dry season agriculture 
requires high value cropping and livestock to generate higher incomes. The increased incomes 
make the operation of schemes more affordable while providing sufficient incentive to retain 
labour on the farm. These options however carry substantially more market and business risk 
than irrigated rice. To manage these risks requires strong and reliable market linkages. 
Smallholders, and the sector as a whole, need to move from selling outputs to producing for 
markets through better market connections and strengthened value chains. Agribusiness skills 
that support Provincial Agriculture and Forestry Office (PAFO) staff and build connections from 
markets to producers are non-existent and need to receive additional capacity building.  
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15. Business risks are a significant hurdle for most smallholders, as they arise from the need 
for new technologies, different management skills and more complex sets of inputs and outputs. 
Extension services in Laos have proven difficult to establish, access, and even more difficult to 
sustain outside of a project. Options for linking farmers to other farmers, and to access the pool 
of knowledge and experience that exists in recent past or ongoing development or private sector 
projects is considered a high priority. 
 
16. The implication of this on the environment of the subproject catchments is intended to 
have a net positive impact. This is mainly because it will greatly increase the value of low-lying 
land that can be irrigated and make it easier to derive a reasonable livelihood from it; in turn, this 
should reduce the pressure on the upland slopes, where forest is widely cleared for shifting 
cultivation and crops are grown on steep, bare ground subject to high rates of soil erosion in the 
wet season. Ensuring a good environmental condition of the catchments is also a significant step 
towards achieving resilience against the effects of climatic fluctuations. 
 
17. Most of the disasters affecting Laos – in terms of frequency, numbers and severity – are 
climate-related. These are either direct, in terms of the effects of rainfall or wind, or indirect in 
terms of floods or landslides. They have been considered in some detail elsewhere in this 
document, and so are only summarised in this section. The risks and mitigation of other disasters 
are assessed in more detail. 
 

II. DISASTER RISK ASSESSMENT  

A. Climate based Risks  

1. Climatic Variability in Northern Lao PDR 

18. Situated between 18 and 22 degrees north, the northern provinces of Lao PDR have a 
predominantly tropical climate. Temperatures vary mostly in the range of 20 to 30 degrees 
centigrade year-round. Some cooling is derived from rain, so that variations can occur over a 
range of days or weeks, depending on the amount of cloud and rain that occur. Cooling is more 
pronounced as a result of altitudinal variation, according to the environmental lapse rate (6.4ºC 
per 1000 metres of height increase). Higher locations such as Xiangkhouang, therefore tend to 
have a montane subtropical climate, with temperatures more in the range of 15 to 25 degrees 
centigrade. Being so close to the Equator means that there is limited seasonal temperature 
variation. 
 
19. Moisture is strongly dominated by seasonal air movements, however. Most rainfall comes 
with the south-west monsoon during the northern hemisphere summer. Simply put, the northward 
migration of the sun draws warm, moist maritime air from the Indian Ocean across the land 
masses of south and south-east Asia. The pattern is for increasing rain as pre-monsoon warming 
gives rise to convective cells that produce thundery downpours through March, April and May. 
The monsoon arrives in June, with rainfall highest usually in July and August – typically around 
300 mm per month, but very variable from year to year and place to place. The monsoon weakens 
and dissipates in September, with the last substantial rain clearing usually in the first half of 
October. This leads into the pronounced dry season from November to February. Within this 
monsoonal system, rainfall varies locally across Laos as a result of variations in the surface 
warming and generation of thunderstorms, the pulses of monsoon wind and topographical 
variations giving rise to differences in uplift and rain shadows. Table 1 summarises the annual 
variability recorded for the project provinces, showing how rainfall can vary by a factor of almost 
four times spatially and temporally. This variability is discussed in greater detail in the section on 
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flood risk below, and further details of the rainfall patterns are given for all of these stations in 
Appendix 2. 
 

Table 1: Annual Rainfall in the SRIWSM Provinces 

Weather station 
Annual rainfall (mm) 

Data range 
Average Minimum Maximum 

Houaphan, Sam Nua 1,493 1,054 2,015 2000 to 2017 

Houaphan, Vieng Xay 1,551 1,258 1,872 2000 to 2017 

Louangphabang, Louangphabang City 1,420 988 2,233 1971 to 2016 

Xaignabouli, Xaignabouli City 3,344 2,920 3,809 1971 to 2017 

Xiangkhouang, Thonghaihin 1,469 1,006 1,917 1982 to 2017 

 
20. The monsoonal rainfall pattern can be altered in any year by the passage of tropical 
cyclones, usually affecting Laos from the South China Sea: these are discussed below in relation 
to flood risk. In most cases, tropical cyclones are the causes of the most intense rainfall events, 
since they can be linked to the highest daily rainfall amounts recorded in the provincial weather 
stations (see Table 2). Very intense rainfall is not only due to typhoons, however. In May 2013, a 
24-hour rainfall total of 163 mm was recorded at Vieng Xay in Houaphan Province (see Table 2 
and Appendix 2), yet there were no severe tropical storms or typhoons anywhere in the western 
Pacific in that month. Either it is an aberration in the data, or it was a particularly intense 
thunderstorm.  
 

Table 2: Highest Recorded Daily Rainfall Totals in the SRIWSM Provinces 

Weather station 
Daily total 
(mm) 

Month 
Associated 
tropical 
storm 

Data range 

Houaphan, Sam Nua 
188 Oct. 2007 Lekima 

2000 to 2017 
141 Jul. 2016 Mrinae 

Houaphan, Vieng Xay 
176 Oct. 2007 Lekima 

2000 to 2017 
162 May 2013 No storm 

Louangphabang, Louangphabang City 
166 Nov. 1990 Mike 

1971 to 2016 
161 Jun. 2011 Haima 

Xaignabouli, Xaignabouli City 
191 Jun. 2011 Haima 

1971 to 2017 
182 Aug. 2016 Dianmu 

Xiangkhouang, Thonghaihin 138 Jun. 2011 Haima 1982 to 2017 
Source: Department of Irrigation 

 
21. The implication is that, if in the limited years of data there have been several incidences 
of almost 200 mm in a 24-hour period across northern Laos, there is a strong possibility that such 
a figure could be exceeded over a longer time period. This is also only for rainfall collection periods 
(usually 0900 on one day to 0900 on the next), and obscures possibly greater amounts of rain 
within 24 hours but split between two recording periods. Data are also not sufficient to ascertain 
cumulative heavy rainfall prolonged over a 48- or 72-hour period, and the effects of this on flood 
or landslide events. There are no parallel river level data to link with rainfall. Further discussion 
on this subject is given below, in the section on flood risk. 
 

2. Flood Risks in Northern Lao PDR 

22. Rainfall and its consequences represent the dominant climatic factors that determine both 
agricultural practices and the integrity of infrastructure, and are the key focus areas of this risk 
assessment. This section provides an assessment of the risks posed from floods created as a 
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result of intense rainfall derived from either monsoon rains or tropical storms. It is based on further 
analysis of rainfall beyond the summary provided in the section above.  
 
23. The current understanding of risks especially climate risks in northern Lao PDR is limited 
by the restricted data for the region, and the consequent need to extrapolate into each locality 
from other areas. The paragraphs below give an analysis which demonstrates the high degree of 
variability that is found regionally. The available precipitation data from the meteorological stations 
in the four project provinces, along with brief analyses that discuss the evidence for extreme 
rainfall events is appended. Exceptional rainfall events are mostly linked either to tropical storms, 
particularly when developed into cyclones or full typhoons, or localised thunderstorms. Particularly 
difficult to discern in the data are the conditions giving rise to floods as a result of cumulative 
monsoon rainfall over several days. 
 
24. The variability of current weather patterns across northern Laos is considerable. There 
are not many meteorological stations north of Vientiane – somewhere between 30 and 40 exist 
or are planned but their coverage is inadequate to identify localised rainfall patterns over complex 
terrain with numerous micro-environmental variations. Moreover, most of the stations have so far 
generated relatively short and limited datasets, with the information mainly restricted to daily 
totals. These make it hard to predict short-duration storms of damaging intensities in small 
catchments, or to gain any degree of confidence in long term extremes such as one-in-fifty or 
one-in-one-hundred-year events. Figure 1 shows the isohyets (lines of equal rainfall) interpolated 
for these stations across most of the north of the country. This is one of several isohyet maps that 
are available for Laos, the Mekong basin and the Indo-china region, all showing somewhat 
different patterns. There must necessarily be a high degree of estimation between isohyets, and 
catchment scale local effects would not be shown at the scale that can be generated from the 
limited number of weather stations. Most of Louangphabang Province is in a low rainfall area, but 
the other project provinces are in areas where the isohyets change rapidly. The average annual 
rainfall at Louangphabang is around 1500 mm, but it is close to 4000 mm in the higher rainfall 
area around Vang Vieng, in Vientiane Province not far to the south. Weather stations in Houaphan 
and Xiangkhouang have similar average annual rainfall to that in Louangphabang, whereas 
Xaignabouli is higher at around 2300 mm per year. However, localised variations mean that there 
could be significant differences between rainfall regimes at a weather station and a river 
catchment in the same district. Vang Vieng may have generally higher rainfall than is found in any 
of the project provinces, but there could be similar local regimes that have not yet been detected 
by meteorological monitoring. 
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Figure 1: Isohyet Map of the Northern Lao Mekong River Basin 

 
 

25. Over time, the clearest feature is that there are the seasonal changes that come with the 
annual monsoon. For the five winter months from November to March, there is little rainfall, and 
sometimes none in an entire calendar month. From April to October, rainfall is common. This is 
partly the result of thermal convective effects in the form of thunderstorms and partly due to 
cyclones tracking across Viet Nam from the South China Sea. Mostly, however, it is a result of 
the summer south-west monsoon which affects almost all of south and south-east Asia. This 
makes July and August the wettest months in most parts of northern Laos in most years, with 
monthly totals exceeding 1000 mm at times. But although it is very reliable in terms of bringing 
significant rainfall every year, the monsoon is otherwise quite unpredictable. Rain tends to come 
in pulses of different durations and amounts. As Figure 2 shows, the monthly rainfall at any given 
location can vary considerably from one year to the next. 
 
26. Generally, the highest annual rainfall is generally in either two or three bands across 
northern Laos, depending on which interpretation is used of the limited data available. One band 
affects mainly just Phongsaly Province, and another mainly Xiangkhouang and Vientiane 
Provinces. A third band, shown on some isohyet maps, affects Louang Namtha and Bokeo 
Provinces. The other four northern provinces tend to get somewhat less. But within this pattern, 
local topography can have fundamental effects on the amount of rainfall that a place might 
receive. In particular, locations on the eastern sides of large ridges and in the bigger valleys tend 
to be shielded from the monsoon rain-bearing wind that comes across from the south-west at a 
relatively low altitude; and conversely locations exposed to the monsoon tend to have 
considerably greater rainfall where the topography causes uplift of the humid air. Figures 3 and 4 
show the major differences between Vang Vieng and Louangphabang, with the former being in a 
particularly wet location and the latter in a rain shadow beside the Mekong. 
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Figure 2: Plots of Monthly Rainfall Totals at Louangphabang over a Ten-Year Period from 
1996 to 2005 

Note: The seasonal trend of the summer monsoon rains is visible. Beyond that, there is a high level of variation, 
being most pronounced in July: this varied from 75 mm in 1999 to 384 mm in 2002. Although in this period July 
equalled August in being the wettest months on average, the lowest recorded rainfall in that month (i.e. in 1999) was 
less than occurred at some point in any of the dry winter months. 

 
27. Over shorter periods, daily rainfall amounts also show considerable variations. For 
illustrative purposes, the daily rainfall through the 2005 monsoon (including pre- and post-
monsoon periods) is shown for Vang Vieng and Louangphabang in Figures 3 and 4 respectively. 
The difference between the observed maximum daily totals is striking, with those at Vang Vieng 
around double what is experienced in Louangphabang. Daily rainfall totals can be misleading, 
since rainfall events may well straddle two recording periods. An example of this is visible in 
Figure 3: on 30 June and 1 July 2005, Vang Vieng received 290 mm of rain in 48 hours, but not 
more than 162 mm in one 24-hour recording period; on 21 and 22 August 2005, it received 245 
mm in 48 hours, although in one 24-hour period 200 mm was received. Despite this, the first of 
these was relatively early in the monsoon and it is possible that the soil absorption capacity had 
not been fully recharged as it would have been by August. Hence, although each of these events 
involved large amounts of rainfall, it is possible that the first and larger one gave rise to less 
flooding than the later one. This illustration demonstrates the difficulty in determining the cause-
and-effect between rainfall and flooding without detailed data that cover both the precipitation and 
the runoff in a nearby catchment. 
 
28. Outside impacts of monsoon rainfall, the effects of tropical storms – starting as cyclonic 
depressions and intensifying into storms or typhoons – can create bigger climatic risks. The tracks 
and effects of typhoons across south-east Asia have been well documented over recent decades. 
There is variability between years, and in some years cyclones can develop into typhoons in every 
month of the year. The most common time for this to affect Laos is in the autumn, although some 
of the most intense storms have occurred in the summer. Tropical storms (as opposed to 

Monthly rainfall totals at Luang Prabang, 1996 to 2005
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convective thunderstorms) can only generate and intensify over large expanses of open water. 
After making landfall, they lose energy and are usually downgraded from typhoons to tropical 
storms or depressions. However, they can still carry extraordinarily large amounts of moisture 
that precipitates as intense rainfall. 
 
29. The tracks of four tropical storms that have had major impacts on the project provinces 
are shown in Figure 5. The vast extent of the dense cloud cover associated with one of these, 
Lekima, and the associated rainfall intensities, are shown in Figure 6. Lekima was a Category 1 
Hurricane (i.e. Typhoon, with sustained wind speeds of 119 to 153 kilometres per hour) at the 
time it made landfall in central Viet Nam but had been downgraded by the time it penetrated inland 
as far as Laos. Table 2 lists the highest daily rainfall figures recorded for the project provinces, 
and the associated tropical storms are described below. 

(i) In Houaphan, Lekima in October 2007 appears to have given rise to 188 and 176 
mm of rain in one day, recorded at Sam Nua and Vieng Say respectively.  

(ii) For Louangphabang, the high monthly rainfall in October 1981 is presumed to have 
been as a result of being on the periphery of Typhoon Fabian. The exceptionally 
high daily rainfall figure of 166 mm in November 1990 is presumed to have been 
from Typhoon Mike, and that of 160 mm in June 2011 from Typhoon Haima.  

(iii) In Xaignabouli, the three highest daily rainfall amounts of 191 mm in June 2011, of 
182 mm in August 2016 and of 155 mm in October 1988, can all be attributed to 
tropical storms, since storms were present over or close to northern Laos at those 
times. The high daily total of 155 mm in October 1988 could have been related 
either to Severe Tropical Storm Pat, or to Typhoon Ruby, both of which passed 
close to northern Laos. The highest recorded daily rainfall amount of 191 mm in 
June 2011 was probably related to Haima. Nearly as high, 182 mm in one day in 
August 2016, could have been Dianmu. 

(iv) In Xiangkhouang, the one value that stands out is the 24-hour rainfall of 138 mm 
in June 2011, which could have occurred as a result of Typhoon Haima. 
 

Figure 3: Daily Rainfall Totals at Vang Vieng, April to September 2005 
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Note: This was by no means the wettest monsoon on record, but it was heavier than average. The incidence of four 
days with more than 150mm is notable.  

 
Figure 4: Daily rainfall totals at Louangphabang, April to September 2005 

Note: This was a much drier monsoon than average, but had unusually high daily peak rainfall events. 
Louangphabang, in a rain shadow area within a deep mountainous section of the Mekong valley, is much drier than 
Vang Vieng (as shown by the different vertical scales). The incidence of three days with more than 80 mm is notable, 
as is the fact that these did not coincide with the heavy days of rainfall at Vang Vieng in Figure 2. 

 
30. While Figure 5 shows the effects of different storms over several years, a wider range of 
data have been analysed by NDMC (2010) to determine the overall storm risk: these are shown 
in Figure 7 for two possible return periods. Even so, these data so far cover only a 30-year period, 
and so also give only what can best be described as an approximation. While these show that the 
whole of Laos is susceptible to the impacts of tropical depressions, even on a projected 50-year 
return period, storms of typhoon force barely appear to touch the eastern side of Houaphan 
Province: the risk is much less than in Khammouane Province, far towards the south. Sometimes 
the proximity of storms does not actually translate into extreme rainfall: for example, storm Kai-
tak in 2005, which moved north-westwards through Viet Nam after making landfall at Hué and 
came close to Houaphan (the red track shown on the maps in Figure 7), cannot be distinguished 
in the rainfall records in Appendix 2. 
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Figure 5: Tracks of four Tropical Storms affecting northern Lao PDR 

 
Upper left, Lorna in September-October 1972; upper right, Lekima in September-October 2007. Lower left, Mekkhala 
in September 2008; lower right, Haima in June 2011.  
Source: NASA. 

 
31. More specifically than the national-scale mapping shown in Figure 7, the risk of tropical 
storms to the project provinces was assessed by the NMDC (2010). All parts of the four provinces 
are at risk of tropical depressions (wind speeds up to 62 km/hr) on a 10-year return period, as 
shown in Table 3. Proportions of all provinces are at risk of tropical storms (wind speeds of 63 to 
118 km/hr), ranging from only 2% of Louangphabang on a 10-year return period to all of 
Xaignabouli on a 50-year return period. None of the provinces has historically been subject to full 
cyclones of any category (i.e. with wind speeds greater than 118 km/hr). This may change in the 
future if cyclones generated over the Pacific and the South China Sea become more intense, but 
as cyclones lose energy rapidly once they cross on to land, this is by no means certain. 
Nevertheless, as the provincial data analyses above and in Appendix 2 show, even tropical storms 
can generate enormous rainfall events in the northern Lao provinces, and these may become 
more common or more extreme. 
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Figure 6: Two Satellite Mosaics of Tropical Storm Lekima on 3 October 2007, while still a 
typhoon before making landfall in central Viet Nam 

 
Left, the cyclonic spiral of cloud; right, the associated rainfall intensities.  
Sources: left, NOAA; right, NASA. 
 

Figure 7: Storm Risk Maps of Lao PDR 

Left: 10 Years Return Period. Right: 50 Years return Period. Based on Data from 1979 to 2009.  
Source: NDMC (2010). 

Table 3: Percentage of SRIWSM Project Province Areas Affected by Storms  

Province 10-year return period 50-year return period 

Houaphan 24% affected by tropical storms. 
Remaining 76% affected by tropical 
depressions. 

36% affected by tropical storms. 
Remaining 64% affected by tropical 
depressions. 
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Louangphabang 2% affected by tropical storms. 
Remaining 98% affected by tropical 
depressions. 

30% affected by tropical storms. 
Remaining 70% affected by tropical 
depressions. 

Xaignabouli 40% affected by tropical storms. 
Remaining 60% affected by tropical 
depressions. 

Entire province affected by tropical 
storms and tropical depressions. 

Xiangkhouang 20% affected by tropical storms. 
Remaining 80% affected by tropical 
depressions. 

43% affected by tropical storms. 
Remaining 57% affected by tropical 
depressions. 

Note: Tropical depressions have wind speeds of less than 62 km/hr; tropical storms have windspeeds of 63 to 118 
km/hr.  
Source: NDMC (2010). 
 

32. Ultimately, the difficulty for determining flood risks for the SRIWSM Project lies in the 
overall lack of data on rainfall and its runoff. The following points summarise what can be 
concluded about the risks associated with rainfall. 

(i) 24-hour rainfall totals of up to 200 mm have occurred in all project provinces, 
mainly as a result of tropical storms, in the 18 to 45 years of data available. Since 
these are mostly related to tropical storms, they are unusual, but may occur in any 
one place once in ten, twenty or thirty years. 

(ii) “Normal” monsoon 24-hour rainfall totals of around 80 mm seem likely to occur in 
the project provinces, perhaps several times per year. 

(iii) Monsoon 24-hour rainfall totals of 150 to 200 mm are known to occur in the wetter 
area around Vang Vieng in Vientiane Province. Whether these can occur in locally 
wetter parts of the project provinces is not known. 

(iv) Cumulative rainfall over 48 or 72 hours may have bigger flood-generating impacts 
than single large figures in isolated 24-hour periods. These could be perhaps 30% 
to 50% higher than daily figures. Higher intensities over 24 hours might be 
obscured if the event continued from one recording day into another. 

(v) There are no hydrological data linked to rainfall data, for any size of catchment. 
Hence the effects of rainfall in generating floods must be based on general 
hydrological calculations using catchment size and other characteristics. 

(vi) Heavy rainfall later in the monsoon – perhaps from mid-July to mid-September – 
is more likely to cause flooding because the soil is generally saturated by this 
period and has a limited retention capacity. 

 
33. The design of infrastructure will need to be quite different if more than twice the discharge 
has to be accommodated. Even if modelling were to show that there may be an increase of 
perhaps 20% in peak rainfall events as a result of climate change, the differences for design 
purposes would not be as big as those that are dependent on current conditions from one place 
to another. Climate resilience is therefore at least as much about getting current levels right as it 
is about predicting future trends. Analysis of rainfall data shows a striking difference between 
observed maximum daily totals in the monsoon, with those at Vang Vieng (between 150 and 200 
mm) around double what is experienced in Louangphabang. Vang Vieng is likely – but not certain 
– to be wetter than anywhere in the project provinces, but clearly it is important to understand 
whether daily totals of 80 mm or nearer 200 mm are likely to be common under current 
circumstances; and if possible also to determine by how much these figures might increase. But 
as Figure 8 shows, designing infrastructure against flood damage is not a simple task in northern 
Laos.  
 



14  

 

Figure 8: Flood Damage on Road 18B in August 2008 

 
 

34. A further possibility is the occurrence of tropical storms coinciding with the south-west 
monsoon. Recent examples that affected Laos are tropical storms Sonca (July 2017), Doksuri 
(September 2017), Son-Tinh (July 2018) and Bebinca (August 2018): see Figure 9. The western 
Pacific typhoon charts in Figure 10 show that in recent years there have been many storms 
generated at the time that Indo-China is receiving the south-west monsoon, although most of 
them do not penetrate this far west. The risk is that by about mid-July the ground is already 
saturated by monsoon rain, and the rivers have risen to their normal monsoon levels. With soil 
moisture capacity fully utilised, further heavy rain simply runs off and creates floods that rapidly 
raise rivers to exceptional levels. Over-saturation of soil, weathered rock, colluvium and other 
unconsolidated slopes leads to landslides, mudflows and debris flows. Whether this trend will 
become worse with climate change is not understood at present, and although Typhoon Mangchut 
in August 2018 was exceptionally severe at times in its lifespan, perhaps due to unusually high 
sea temperatures, it did not affect Indo-China. There have been severe impacts in Laos in the 
past from tropical storms during the summer monsoon. The damage shown in Figures 8 and 12 
appears to have been caused by the 2008 monsoon exacerbated by tropical storm Kammuri, 
which tracked through southern China before dissipating in early August of that year. This risk 
may become more pronounced as a result of global warming, or it may be that greater warming 
of the Indian Ocean, generating more intense summer south-west monsoons, might cause 
cyclonic storms from the Pacific Ocean to be deflected away from Indo-China at this time of year. 
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Figure 9: Tracks of Severe Tropical Storms that Penetrated Indo-China During the 
Summer South-West Monsoons of 2017 and 2018 

Top left, Sonca (July 2017); top right, Doksuri (September 2017); bottom left, Son-Tinh (July 2018); bottom right, 
Bebinca (August 2018).  
Source: NASA. 

 
Figure 10: Charts of Significant Tropical Storms Generated over the Western Pacific 

Top, 2017; bottom, 2018 as at the end of September.  
Source: Wikipedia (https://en.wikipedia.org/wiki/). 

 

https://en.wikipedia.org/wiki/
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3. Landslide Risk 

35. Landslides are frequently cited as a climate-related risk, to which infrastructure is 
vulnerable. There is a clear link, in that water plays a large part in both the triggering and the 
mechanisms of failure of many types of landslides. The intense rainfall events described in the 
section above can frequently lead to landsliding. But this will only occur in locations where ground 
conditions are susceptible to erosion and slope failure. MPWT (2008) summarised the conditions 
as follows. “The geology of Laos is complex and includes a wide variety of rock types, of a range 
of igneous, sedimentary and metamorphic origins. Many rock masses exposed in road cuttings 
and in the natural slopes are highly disturbed and jointed due to tectonic processes, and so are 
vulnerable to instability. Furthermore, weathering under the tropical climate has led to the 
weakening of rock masses and has also resulted in the development of deep residual soils in 
places that are also prone to erosion and landsliding, especially during the wet season.” MPWT 
(2008) illustrated the types and locations in which landslides might occur, using the graphical 
representation shown in Figure 11; although this illustration uses roads as the example, it could 
equally apply to irrigation intake structures and channels. Either way, the consequences can be 
disastrous, as Figure 12 shows. 
 

Figure 11: Types of Landslides and the Landscape Locations in which they may Occur  

 
Source: MPWT (2008) 

 
36. The geological differences that are so common mean that, even in a small catchment, 
there could be significant variations in the integrity of slopes from one part of a valley to another. 
From the perspective of climate-induced vulnerability, therefore, landslides are more complicated 
to predict even than floods. The geological complexity is harder to determine and rarely possible 
to calculate as is the case for hydrological factors. However, experienced geomorphologists can 
map landslide susceptibility and provide engineers with maps that show the areas of infrastructure 
or development that are at risk. Hence determination of risk requires careful local assessment. If 
there is evidence of existing or former landslides in the vicinity of project-supported structures, 
then landslide susceptibility is likely to be justified. Conversely, given the existing extreme rainfall 
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events that derive from tropical storms, a catchment with no evidence of landsliding is unlikely to 
develop it under climate change since its geological basis must be very sound. 
 

Figure 12: A Small Truck and a Bus Lost in a Landslide on Road R1C in 2008 

 
 

4. Drought Risk 

37. Droughts can also be a feature in northern Lao PDR. These can occur as relative effects 
at any time of year, since in meteorological terms they are defined as a drier deviation from 
“normal” rainfall. Drought hazard maps and frequency charts for a range of depths of drought are 
shown in Figure 13. These are based on a small number of reference stations and only 30 years 
of data, and so can only be considered indicative: this is shown by the way in which the mapping 
of occurrence classes is grouped around individual weather recording stations. Nevertheless, the 
analysis is valid in demonstrating that droughts can occur at any time of year in the four project 
provinces, with the following further observations. 

(i) In Houaphan, droughts are more likely in the wet season. Nevertheless, Houaphan 
is not a badly affected province at any time of year, and the risks are relatively low. 

(ii) The situation varies from south-west to north-east in Louangphabang Province. In 
the south-western half of the province, the risk seems to be relatively high, with 10 
to 15 droughts in each of the dry season and the wet season, in 30 years of data: 
in other words, there is a drought at some point in most years. However, droughts 
are less frequent in the north-eastern half of the province, occurring on average in 
every second or third year. 
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(iii) Throughout Xaignabouli Province the risk of drought seems to be relatively high, 
again with a drought at some point in most years (i.e. with 10 to 15 droughts in 
each of the dry season and the wet season, in 30 years of data). 

(iv) Droughts in Xiangkhouang Province are more likely in the wet season. The risk 
seems to be relatively high, with 20 to 25 wet season droughts in most parts of the 
province, and more than 25 in some parts of the province, in 30 years of data: in 
other words, there is a wet season drought in most years, although dry season 
droughts occur with an average frequency of less than one in two years. 

 
38. Figure 13 shows drought severity charts over the 16 years from 1993 to 2008. These show 
considerable variation between years, with no seasonal drought recorded in some years, but with 
over half of the stations nationally showing droughts of differing severity in some years. Only in 
2000 was there no drought at all. The severity varies, but although roughly equal across the three 
classes, is a little more likely to be only moderate. 
 

Figure 13: Moderate to Extreme Drought Susceptibility Maps and Severity Charts  

 
Note: Left, Dry Season; Right, Wet Season. Above: Numbers of Droughts between 1980 and 2009, based on 
Standardised Precipitation Indices, over a 30-year period. Below: Drought Occurrence by Year, Severity and Proportion 
of Recording Stations over a 16-year period. 
Source: UNDP (2010). 

 
39. In terms of climate vulnerability, the main message emerging from the limited data 
available seems to be that there are no predictable patterns to drought occurrence, in either timing 
or severity. Since much of the infrastructure to be developed by SRIWSM is based on irrigation, 
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the project will help to mitigate the effects of drought on agriculture especially as the schemes 
seeks to provide irrigation water over 12 months per year offsetting the nature of drought risk 
described above. However, as there is a risk of drought at any time of year, the available water 
supply needs to be considered carefully in subproject designs, especially during the dry season 
when river flows are lowest. 
 

5. Reduced Hydrological Flows 

40. Reduced flows in rivers and streams can have consequences on both biodiversity and 
downstream water uses, particularly in a context of uncertainty regarding climate and rainfall – 
and therefore the capacity of a catchment to continue supplying adequate water in the future 
without significant adverse impacts. Aquatic biodiversity is directly affected for the following main 
reasons: (i) water flow levels are a major determinant of physical habitat in streams, which in turn 
is a major determinant of biotic composition; (ii) aquatic species have evolved life history 
strategies primarily in direct response to their natural flow regimes; (iii) maintenance of natural 
patterns of longitudinal and lateral connectivity is essential to the viability of populations of many 
riverine species; and (iv) the invasion and success of exotic and introduced species in rivers is 
facilitated by the alteration of flow regimes (Bunn and Arthington, 2002). Mitigation is by setting 
minimum environmental or compensatory flows, which must be maintained throughout the year. 
These might typically be based on a proportion of dry season flow; but as flow regimes are not 
well understood in most small catchments, they may need to be based on approximations. There 
are various methods for doing this (Tennant, 1976; Acreman and Dunbar, 2004), but there are 
still too few data available for the subproject catchments to use any of the recognised quantitative 
methods. 
 
41. The International Water Management Institute (IWMI) has contributed information on the 
determination of low water flows likely to be encountered in subproject catchments. IWMI has 
undertaken an environmental flows research study as a global review initiative. It therefore 
necessarily makes a number of gross assumptions and works on large scale river basins. 
Although the intention is that it should also be usable at a catchment scale, the reliability of the 
flow estimation is limited to large river catchments and has limited application below about 1,000 
km2. This means that its application is inappropriate or at best very limited in the much smaller 
catchments in northern Laos. Nevertheless, the paragraphs below give an account of the relevant 
parts of the research, as described in the main methodological description published by Sood et 
al. (2017). 
 
42. Key to the IWMI approach is the concept of environmental management classes (EMC) 
of the rivers, as described in Table 4. In northern Laos, in the altered catchments that will come 
under SRIWSM support, only classes B, C and D are applicable. Class A is more pristine than 
will be found in this area due to past land use (this is based on observation and supported by 
IWMI’s mapping). Classes E and F are unacceptable in a rural setting such as northern Laos, 
where water must still retain value as an ecosystems service. The level of environmental flow 
then comes down to what can be tolerated in order to avoid dropping below class C if there are 
valuable fisheries, or class D if fisheries and aquatic biodiversity are not considered to be of 
importance. IWMI uses a model that converts monthly natural flow time series into a long-term 
flow duration curve, which is represented by a table of flows corresponding to 17 fixed probabilities 
of exceedance: 0.01%, 0.1%, 1%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 
99%, 99.9% and 99.99%. A reduction in flow to a reduced environmental flow is simulated by 
shifting the flow duration curve one level of probability to the left (i.e. downwards) for each 
environmental management class. This is arbitrary, but it implies that the general pattern of flow 
variability is preserved, although with every shift part of the variability is lost. This loss is due to 
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the reduced assurance of monthly flows: that is, the same flow will be occurring less frequently, 
and the total amount of environmental flow, expressed as the mean annual flow, is reduced. 
Hence it is assumed that each step of reduction in flow leads to a decline in the state of the health 
of the river, which results in a drop to a lower environmental management class. Additional 
elements are incorporated into the model, including estimates of biodiversity threats and the 
separation of environmental flows between surface water and groundwater elements. 
 

Table 4: Environmental Management Classification (EMC) of Rivers used by IWMI 

EMC Most likely ecological condition Management perspective 

A: Natural Natural rivers with minor modification of 
in-stream and riparian habitat. 

Protected rivers and basins. Reserves and 
national parks. No new water projects 
(dams, diversions) allowed. 

B: Slightly 
modified 

Slightly modified and/or ecologically 
important rivers with largely intact 
biodiversity and habitats despite water 
resources development and/or basin 
modifications. 

Water supply schemes or irrigation 
development present and/or allowed. 

C: Moderately 
modified 

The habitats and dynamics of the biota 
have been disturbed, but basic 
ecosystem functions are still intact. 
Some sensitive species are lost and/or 
reduced in extent. Alien species 
present. 

Multiple disturbances associated with the 
need for socioeconomic development, 
e.g., dams, diversions, habitat modification 
and reduced water quality. 

D: Largely 
modified 

Large changes in natural habitat, biota 
and basic ecosystem functions have 
occurred. A clearly lower than expected 
species richness. Much lowered 
presence of intolerant species. Alien 
species prevail. 

Significant and clearly visible disturbances 
associated with basin and water resources 
development, including dams, diversions, 
transfers, habitat modification and water 
quality degradation. 

E: Seriously 
modified 

Habitat diversity and availability have 
declined. A strikingly lower than 
expected species richness. Only 
tolerant species remain. Alien species 
have invaded the ecosystem. 

High human population density and 
extensive water resources exploitation. 
Generally, this status should not be 
acceptable as a management goal. 
Management interventions are necessary 
to restore flow pattern and to move a river 
to a higher management category. 

F: Critically 
modified 

Modifications have reached a critical 
level and the ecosystem has been 
completely modified with almost total 
loss of natural habitat and biota. In the 
worst case, the basic ecosystem 
functions have been destroyed and the 
changes are irreversible. 

This status is not acceptable from the 
management perspective. Management 
interventions are necessary to restore flow 
pattern and river habitats (if still 
possible/feasible) - to ‘move’ a river to a 
higher management category. 

Source: Sood et al. (2017). 

 
43. IWMI modelled the environmental flows required as a percentage of total natural flow for 
the different environmental management classes. This was done at the global scale, so at a 
national sub-regional scale provides only a very broad indication. For northern Laos, the maps 
suggest that: 

(i) 40% to 80% of natural flow is required to sustain environmental management class 
B; 

(ii) 20% to 60% of natural flow is required to sustain environmental management class 
C; 
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(iii) Less than 20% to 40% of natural flow is required to sustain environmental 
management class D. 

 
The mid-range figures would therefore suggest that the following percentages of natural flows are 
required: 

(i) Environmental management class B: 60%; 
(ii) Environmental management class C: 40%; 
(iii) Environmental management class D: 30%. 

 
These are generally a little lower than the IWMI estimates for Asia as a whole, where the following 
overall generalised percentages of natural flows are calculated as being required: 

(i) Environmental management class B: 61.8%; 
(ii) Environmental management class C: 48.8%; 
(iii) Environmental management class D: 38.6% 

 
44. IWMI’s global mapping suggests that, generalised across northern Laos, the current 
environmental flows are in the range of 40% to 80% of natural flows. A mid-range value of 60% 
might be taken, which would accord with the environmental management class B for most rivers 
– the level that observations suggest are probably most common. This implies that, in general, 
existing water abstraction levels are acceptable, but that increased abstraction will cause a 
decline in environmental management class, and therefore river quality. The level of resolution 
on IWMI’s (2018) environmental flows calculator online tool appears to be the same as shown in 
the Sood et al. (2017) report maps, and therefore does not add to this analysis. 
 
45. Often it will not be possible to establish a fully quantified calculation of the minimum 
downstream flows, particularly because of the difficulty of determining ecological needs without 
long term studies. In this case, where a high development priority is considered justifiable despite 
ecological risk, an absolute minimum of 10% of average monthly flow is to be adhered to: this is 
consistent with Viet Nam minimum environmental flows. The SRIWSM SRIWSM will adopt a 
precautionary approach with any compensatory flows that fall below 30% of the monthly average 
requiring an independent review by PONRE staff. PONRE will define the risks of lower flows and 
impose appropriate levels of flow if the river has evidence of a strong ecological condition with 
rich aquatic biodiversity or is supporting a significant fishery. Ecological requirements normally 
vary through the year, with most species adapted to higher wet season flows or requiring them 
as part of their life cycle. Other users may also have seasonal variations in their requirements. 
Flow variations are also required in most rivers to prevent a build-up of sediment.  
 
46. In certain cases, where released flows are as low as 10% of the average natural flow in 
each calendar month, the EMMP for the subproject must contain suitable mitigation measures. 
Scope for climate-based change (such as less water in the dry season months) must be built into 
planning low-flow offtake, so that the PONRE has the provision to reduce the allowable offtake if 
drier conditions are experienced, and the water users are able to accept this without a significant 
negative impact on their livelihoods. 
 

6. Wind Risk 

47. Laos generally has limited winds, but there are exceptions. The most widespread strong 
winds are the result of tropical storms, which are extensively discussed above. Local strong winds 
are also sometimes associated with intense thunderstorms. In relation to the project, the biggest 
wind risk is in the form of lodging – the collapse of standing crops, especially if they are top-heavy 
with seeds shortly before harvest. This makes them difficult to harvest and can lead to the grain 
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being damaged by saturation, especially in lowland rice. In some mixed cropping systems, lodging 
in one crop can smother another crop. Lodging due to wind must be a factor affecting productivity 
at times, but so far it does not appear to have been quantified in northern Laos. It may become a 
greater risk with changes in climate, but relative to moisture is likely always to be of secondary 
significance. 
  

7. Climate Change Predictions 

48. The Strategy on Climate Change of the Lao PDR (GOL, 2010b) provides the government’s 
view on likely climate change as of that time. Additional data and modelling since 2010 have 
altered the projections of likely climate change, but with no greater degree of certainty since long 
term predictions require many decades of data in order to provide a sound basis for determining 
long term change through the “fog” of short term variability. This view therefore still stands as an 
introduction for the Lao PDR. 
 
49. “To date, there has only been limited assessment, analysis or projections regarding the 
potential climate change impacts on the physical and social environment in Lao PDR, due to the 
lack of long-term climate data to support projections of future climate trends. However, increasing 
anecdotal evidence from the country has shown that the dry season is becoming longer, that 
droughts are more frequent and more severe, and that the incidence of unusual and extreme 
flood events are escalating.  
 
50. “Several studies at the South East Asian regional level and at the Mekong Basin level 
have been conducted in the past few years revealing similar trends e.g., a preliminary study on 
potential climate changes in the Lower Mekong Basin under different scenarios of atmospheric 
CO2 concentrations was conducted between 2005 and 2006 under the sponsorship of the 
Bangkok-based Southeast Asia START Regional Center; concluding:  

(i) Future temperature change in the LMB region will vary from baseline condition 
within the range of 1 ºC ~ 2ºC. The region will have longer summer periods with 
shorter winters.  

(ii) The trend of increasing precipitation between 10% and 30% is projected 
throughout the region, with the highest increase to occur in the eastern and 
southern part of the Lao PDR. Climate variability tends to be more extreme with 
wider differences in precipitation between dry and wet years, especially in the Lao 
PDR.” 

 
51. A more recent summary on the status of climate change predictions is given in the text in 
the next five paragraphs, taken from AWARE for Projects online tool for the assessment of climate 
risk, which is used by the ADB.  
 
52. “Although global climate models (GCM) 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 for Projects, climate projections make use of GCM ensemble percentiles to 
determine: for temperature increase, whether 75% of Coupled Model Intercomparison Project 
Phase 5 (CMIP5) GCM ensemble agree on a magnitude of change; for precipitation increase and 
decrease, whether 75% of CMIP5 GCM ensemble agree on the direction of change. 
 
53. “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 
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and infrastructure will be available from climate model outputs. The outputs are typically provided 
as long-term averages, such as 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. 
 
54. “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. 
 
55. “Critical thresholds. 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 [in Figure 14], 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. 
 
56. “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 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 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 of the flood defence.” 
 
57. The global uncertainties over future climate change are reflected in northern Laos, where 
the lack of past and current climate monitoring data mean that there is a particularly high degree 
of uncertainty regarding climate change. Meteorological predictions are generally most difficult in 
the inter-tropical areas largely influenced by maritime ocean-atmosphere interactions, meaning 
that south-east Asia as a whole is likely to be subject to changes that cannot be predicted with 
accuracy at this stage. MRC (2014) reviewed the availability of meteorological data at 182 
weather stations in the four countries of the lower Mekong basin and concluded that there were 
insufficiently long datasets at enough locations to use as the basis for climate change modelling. 
Global models do not agree on atmospheric warming in this region, and consequently cannot 
assist in determining whether the climate might get wetter or drier overall.  
 
58. The inconclusive nature of predictions of likely future climate trends means that the only 
pragmatic way forward is to ensure that the project is prepared for likely current climate events, 
plus reasonable likely aberrations. If anything changes, it is likely to mean the following: 

(i) Temperature will either remain the same or increase by one or two degrees; 
(ii) Dry seasons will continue to vary but some might be longer and drier than before, 

leading to more frequent dry season droughts;  
(iii) Overall rainfall may increase, although the duration of the wet season may shorten; 

this may mean fewer wet season droughts;  
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(iv) Rain intensities may increase, and there may be more frequent high-intensity 
rainfall events, in the form of both monsoonal storms or tropical cyclones; and 

(v) During the monsoon, there may be greater flood risk from accumulated heavy 
rainfall over periods of two to five days. 

 
59. Climate-related risks and vulnerabilities are therefore examined in the context of warmer 
temperatures, more frequent storms of very high intensity and more frequent shortages of water 
in the dry season. 
 
Figure 14: Schematic Diagram Showing the Relationship between Coping Range, Critical 

Threshold, Vulnerability, and a Climate-dependent Variable 

 
Note: The climate-dependent variable shows a significant degree of temporal variability. This variability is superimposed 
upon an upward trend, representing a change in climate that starts at the mid-point of the time series. The coping range 
represents the tolerable climate, and the coping range boundaries may lie above and/or below the average value of 
the climate variable. Vulnerability to climate in this example is represented by an upper boundary, or critical threshold 
above which unacceptable impacts may be suffered. Adaptation aims to reduce vulnerability by increasing the critical 
threshold, countering the increased risk that the un-adapted threshold will be exceeded due to climate change. The 
figure indicates the relationship between the management of the critical threshold, and the time taken to plan and 
implement adaptation measures. The figure also indicates the time available to plan and implement adaptation 
measures from a given starting point.  
Source: Willows and Connell (2003). 

 
8. Climate-related Disasters 

60. The sections of this document given above address the risks of extreme climatic events 
and disasters resulting from them in some detail. These are briefly summarised in Table 8, in 
relation to the project provinces. 
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Table 5: Summary of Climate-related Disasters in Northern Lao PDR Relative to the 
Country as a Whole 

Event Occurrence Extent in Laos 
Extent in SRIWSM 
Provinces 

Extreme heavy 
rainfall 

Occurs as a result of the 
annual south-west 
monsoon or due to 
tropical storms, mainly 
derived from the South 
China Sea. 

Can occur anywhere, but 
exceptional monsoon 
rainfall is more likely in 
Vientiane and 
Bolikhamxay Provinces in 
the centre, and Attapeu 
and Champasack 
Provinces in the south; 
and tropical storms are 
more likely in 
Khammaune and 
Savannakhet Provinces. 

Can occur anywhere, and 
localised patterns are not 
yet properly understood 
due to lack of data. In 
nearly all cases, the most 
extreme rainfall events 
are attributable to tropical 
storms, such as Haima in 
2011. 

Floods A result of accumulated 
heavy rainfall over several 
days during the south-
west monsoon or extreme 
rainfall during tropical 
storms. 

Restricted to valley bottoms in hilly areas and river 
flood plains. 

Landslides Restricted to hilly areas with particularly steep slopes 
and weak geology, or along the banks of large rivers. 

Droughts A result of unusually 
limited rainfall. Most 
noticeable in the dry 
season, but wet season 
droughts can also give 
rise to water shortages at 
key points in crop growth 
cycles. 

Dry season droughts can 
affect all parts of the 
country, but are most 
likely in Khammaune and 
Savannakhet Provinces, 
but also in north-western 
Laos. Wet season 
droughts occur more in 
northern Laos. 

Dry season droughts 
particularly affect 
Xaignabouli and western 
Louangphabang. Wet 
season droughts are 
particularly common and 
severe in Xiangkhouang 
Province. 

Winds resulting in 
storm damage 

Occur locally as a result 
of intense thunderstorms 
or more widely due to 
tropical storms, mainly 
derived from the South 
China Sea.  

Most likely in 
Khammaune and 
Savannakhet Provinces, 
which receive more 
tropical storms. 

Not recorded, but may be 
a problem periodically, 
and most likely to affect 
crop productivity as a 
result of lodging (stem 
collapse). 

 
9. Anticipated Climate-related Risks and Vulnerabilities 

61. Because of the uncertainties of climatic change, the actual possible effects, cascaded 
down through altered environmental conditions to form risks to infrastructure and agriculture, can 
only be assessed in somewhat general terms for the SRIWSM Project. Table 5 gives an indicative 
summary of the potential adverse and beneficial effects of changed climate. This is based on a 
generalised format provided in ADB (2012) guidelines, focussed on the specific conditions in the 
subproject catchments in northern Laos.  
 

Table 6: Summary of Key Potential Impacts of Climate Change on Agriculture in the 
Context of NRI-AF2 

Climate 
Potential Impacts on the Agriculture Sector 

Negative Impacts Advantageous Impacts 

Temperature changes 
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Increases in insolation, 
very hot days and heat 
waves; fewer cold days 
and nights; increased 
insolation 

• Increased evaporation of soil 
moisture. 

• Changes in crop water 
requirements. 

• Modification in crop suitability and 
productivity due to heat stress. 

• Increases in weeds. 

• Increases in crop pests and 
diseases that thrive in hot 
conditions. 

• Increased risk of wildfires. 

• Reduced ability to grow temperate 
crops competitively at higher 
elevations. 

• Faster growth for certain 
crops. 

• Increased yields in cooler 
environments (i.e. higher 
elevations in upper 
catchments), but perhaps 
requiring different crops or 
varieties. 

Precipitation changes, including extreme events 

Overall increase in 
rainfall 

• Greater incidence of floods. 

• Greater chance of intense rain 
storms (see below). 

• Reduction in wet season 
droughts. 

Increase in intense 
precipitation events 

• Direct damage to crops (shoot and 
leaf damage from hail or intense 
rain, or from associated wind 
squalls). 

• Yield reductions due to reduced 
insolation. 

• Increased waterlogging or flooding, 
impeding growth of crops requiring 
aerobic soil conditions. 

• Increased waterlogging, reducing 
the available timeframe for 
cultivation and weeding. 

• Increased incidence of pests that 
thrive in wet or damp conditions. 

• Increased extent and intensity of 
soil and nutrient losses through 
leaching and erosion, causing land 
degradation. 

• Damage to irrigation and drainage 
systems, and other infrastructure, 
due to flooding. 

 

Increases in drought 
conditions 

• Lower yields from crop damage, 
stress, and/or failure. 

• Loss of arable land as a result of 
land degradation and wind erosion. 

• Increased risk of wildfires. 

• Increased competition for water 
with other users. 

 

Atmospheric changes 

Increase in CO2 
concentration 

• Increased weed competition with 
crops. 

• Increased biomass 
production and increased 
physiological efficiency of 
water use in crops. 

• Increased efficiency of water 
use by crops. 
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62. Temperature changes can affect crops because the quantity and quality of yields depend 
on the number of days that a crop is exposed to temperatures exceeding specific thresholds 
during critical growth stages (i.e., flowering, pollination, fruiting, or grain filling). A way in which 
greenhouse gas increases might have an effect is where the photosynthesis, growth, and yield of 
C3 plants such as wheat and rice tend to benefit more from a high concentration of carbon dioxide 
than do C4 plants such as maize; but if there is no increase in atmospheric carbon dioxide, in 
very hot and dry environments, C4 plants would otherwise thrive better than C3 plants (the 
distinction between C3 and C4 is related to differences in the carbon fixation processes). 
 
63. Precipitation changes might provide benefits, but the general supposition is that greater 
extremes are more likely to be damaging rather than beneficial: models suggest that in may 
become wetter in the wet season and drier in the dry season. Certainly there seem to be only 
problems to be derived from a greater frequency of either high intensity rain storms or dry season 
droughts. However, more rainfall altogether may lead to a situation where there are fewer wet 
season droughts. This would be beneficial in that wet season crop growth would be less 
interrupted, and wet season irrigation systems would not run short of water. 
 

10. SRIWSM Climatic Vulnerability and Risk 

64. All ADB projects are screened for climate risks, and in the case of the SRIWSM this is 
informed based on individual subprojects. An initial screening is carried out by ADB staff by filling 
in a checklist; projects identified to be at medium or high risk undergo a further screening through 
a dedicated screening tool, the online AWARE for Projects. The initial checklist is provided in 
Appendix 1. 
 
65. Climatic risks considered in the AWARE for Projects screening that are relevant to Lao 
PDR are those resulting from temperature increase, precipitation change, wind speed change, 
solar radiation change, water availability, flooding, tropical storms, wildfire and landslide. The 
screening is based on the AwareTM geographic data set, compiled from the latest scientific 
information on current geological, climate and related hazards together with projected changes 
for the future where available. These data are combined with the project’s sensitivities to hazard 
variables, returning information on the current and potential future risks that could influence its 
design and planning. The AWARE for Projects tool uses data from 16 general circulation models, 
as well as databases on the various risk categories. For each project screened, the tool generates 
an overall climate risk ranking of low, medium, or high. It also identifies key risk areas and provides 
narratives on potential impacts and adaptive measures to guide subsequent activities. For the 
representative subprojects assessed in each of the participating four provinces during the 
preparation phase of the SRIWSM project, the outputs of the AWARE for Projects tool are 
summarised in Appendix 3. Since the resolution in the geographic data set is regional rather than 
local, similar results would be attained for any subproject in the respective provinces. Therefore, 
for the purposes of this CRVA, these outputs are taken as providing guidance for all other 
subprojects in each province, rather than applying solely to the representative subprojects. 
 
66. Moving from the general to the specific, the possible consequences of climate change can 
be assessed in terms of the vulnerability of both the infrastructure developed by the SRIWSM 
Project and the livelihoods of the users who depend on it for their agricultural systems. Table 6 
defines the main vulnerabilities and the factors that determine how they can occur. Some of these 
are directly related to climatic events, such as damage to crops from intense rainfall, hail or wind 
squalls, particularly in the short periods before harvesting. Other vulnerabilities are indirect but 
closely attributable to climatic events, such as soil erosion, flooding or landslides. Some of these 
can be mitigated during the project construction period, for example by making intakes and canals 
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resistant to flooding, but others are dependent on good land husbandry by the users during the 
post-project operation period of the infrastructure: for example, soil erosion might increase if there 
are changed rainfall patterns, with more rain when soil surfaces are exposed under current 
farming practices. Further vulnerabilities might require resolution after a considerable number of 
years, perhaps to change crop types in response to permanent changes in the soil or 
meteorological conditions that make current farming systems no longer sustainable. 
 

Table 7: Climate-related Vulnerabilities of Irrigated Agriculture in Northern Lao PDR 

Vulnerabilities Key determinants of vulnerability 

Low dry season flows, causing flows into the 
streams to drop to levels below those required to 
sustain aquatic ecosystems. 

• Over-use of river water for other purposes, 
without adequate information on safe offtake 
quantities. 

• Over-extraction for irrigation during the dry 
season. 

• Occurrence of droughts (i.e. particularly dry 
periods). 

Slope failure within the watershed for each 
scheme, particularly close to the headworks, 
through undercutting during faster stream flows, 
or a combination. 

• Increasing precipitation intensity, or overall 
volume over prolonged periods. 

• Inadequate level of land use planning and 
implementation of planned activities to 
enhance the integrity of the watersheds. 

Failure of the canal network under sustained 
flooding conditions, by slumping (mainly in 
earthen canals) and piping of material 
underneath concrete linings 

• Increased canal flows resulting from more 
precipitation. 

• Remaining earthen canals. 

• Inadequate maintenance and repair of canal 
linings. 

Damage to headworks from stream flows with 
greater sediment loads.  

• Increasing precipitation. 

• Inadequate vegetation cover in the 
catchments and insufficient soil conservation 
measures. 

Impaired plant growth or plant damage. • Changes in temperature. 

• Intensive rainfall or hail damaging plants. 

• Wet season waterlogging. 

• Rain or wind squall damage to ripe crops, 
spoiling harvests. 

• Increased leaching of soil nutrients. 

• Dry season drought. 

• Timing of seasonal rains. 

• Other conditions affecting the quality of plant 
growth. 

 
67. Beyond the vulnerabilities are the climate-related risks to the NRI-AF2 subprojects. These 
risks derive from the analysis of climatic impacts in the sections above. Although the 
understanding of climate change remains inconclusive, the analysis allows a number of possible 
risks to be identified. Once the specific potential risks to the SRIWSM infrastructure and land 
management practices are known, suitable mitigation measures can be designed to overcome 
them. Table 7 lists the main climate-related risks, the standard mitigation measures that the 
project will use, and a brief assessment of the residual impact once mitigation is in place. 
 
68. The assessment of climate-related risks sets the scene for the adaptation options for the 
project, which are described in the sections below. Ultimately, the key objective in the face of 
uncertainty over future climate change is to define and implement design changes (adaptation 
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options) for the project which both provide a benefit in the current climate as well as resilience to 
the range of potential changes in future climate. 
 
Table 8: Summary of Climatic Risk Mitigation for Typical Subprojects under the SRIWSM 

Project 

Source of risk 
Impact on irrigation 
infrastructure and  

irrigated crops 

Features of the 
project that mitigate 
the level of impact 

Post-mitigation 
assessment 

Increased 
temperatures. 

Changes in crop growth rates 
and the suitability of crops to 
certain locations. 

Guidance provided to 
farmers by DAFO/PAFO on 
alternative crops. 

Preparedness in 
place for alternative 
cropping practices. 

Greater overall 
rainfall. 

Depends on rainfall 
distribution, but cumulative 
rainfall may give rise to more 
flood damage (see below), 
increased erosion or 
increased leaching of soil-
based plant nutrients. 

Design of systems for 1-in-1-
year floods to become 
monthly events in the wet 
season. Guidance provided 
to farmers by DAFO/PAFO 
on soil and crop husbandry. 

Resilience to 
flooding increased. 
Improved 
conservation of soil 
and plant nutrients. 

Greater incidence 
and severity of 
flooding events. 

Damage to crops, irrigation 
infrastructure other public and 
privately owned assets. 

Design of systems based on 
1-in-50-year flood levels. 

Resilience to 
flooding increased. 

Higher stream 
flows. 

Washing out, silting and 
blocking of headworks. 

Improvements to headworks 
and control structures. 

Increased resilience 
of subproject 
schemes. 

Undercutting of slopes in the 
catchment area, leading to 
increased streambank erosion 
and landsliding. 

Watershed management 
planning and related 
activities. Use of civil and 
bio-engineering measures in 
project works. 

Increased resilience 
of catchments and 
subproject schemes. 

Higher peak flows 
in canal systems. 

Volume of water: capacities of 
canals temporarily exceeded. 

Headworks designed to limit 
flows entering canals. 

Increased resilience 
of subproject 
schemes. 

Velocity of water: increased 
risk of collapse of canals 
(especially earthen canals) 
and scour around water 
control structures. Potential 
dislodging of water control 
structures. 

Concrete lining of most of 
canal networks; improved 
control structures. 

Increased resilience 
of subproject 
schemes, but 
earthen canals 
remain at risk. 

Soil saturation 
from prolonged 
periods of 
continuous 
precipitation. 

Slumping of slopes in the 
catchment area, causing large 
scale soil erosion and 
potential silting and blockage 
of the headworks. 

Watershed management 
planning and related 
activities. Improvements to 
the headworks (concrete 
weirs; improved intakes). 

Resilience to 
flooding increased. 

More pronounced 
dry season with a 
greater incidence 
of droughts. 

Shortage of water for dry 
season irrigation, leading to 
crop droughts. 

Improved canals and 
distribution systems, 
reducing water losses. 

Maximised use of 
dry season water. 
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B. Other Disaster Risks  

1. Earthquake 

69. The north-western corner of Laos is more seismically active than the rest of the country. 
Data suggest that the western half of Louangphabang Province and the northern half of 
Xaignabouli Province are at higher risk of a strong earthquake occurring. Beyond these qualitative 
statements, interpreting the risk in a more quantified way in relation to project infrastructure 
requires understanding the sources of information and the ways in which they are mapped. Table 
9 shows the number of earthquakes recorded over the period of 1973 to 2010 by magnitude.  This 
shows that, in 37 years of data, there were 11 earthquakes of magnitude 6.1 or above, somewhere 
in Laos. The correlation between magnitude and intensity is not straightforward, but is shown in 
approximate terms in Table 10. In general, anything above a magnitude of 6.0 equates to an 
intensity of severe or greater (i.e. intensity degree VII or higher), and might be expected to cause 
structural damage unless earthquake loadings have been incorporated into design and 
construction. An earthquake of a magnitude above 7.0, which occurred in Laos in 1988, would 
certainly be in this category of intensity and could be higher – perhaps into intensity degree X – 
Extreme. 
 
70. Mapping of earthquake risk was done by UNDP (2010) and is shown in Figure 17. This 
shows the parts of Laos that are most at risk, as stated above. As far as the project is concerned, 
it suggests that there is a 20% chance of an earthquake of intensity degree VII in the western half 
of Louangphabang Province and the northern half of Xaignabouli Province during the expected 
50-year lifetime of the project infrastructure; and in the remainder of the project area, there is a 
20% chance of an earthquake of intensity degree VI (strong, but structural damage unlikely). 
However, there may be a divergence between the mapping shown in Figure 17 and the historical 
records shown in Table 9. The mapping appears to show where earthquakes are most likely and 
suggests that there is a moderate risk of them occurring. Existing records since the 1970s suggest 
that more intense earthquakes can occur in Laos than the mapping suggests, but the locations 
and extent of the resulting ground movements are not recorded, and therefore the probability 
cannot be predicted. Provision in infrastructure engineering for moderate earthquake protection 
up to magnitude 7.5 therefore appears to be justified, but there does not seem to be a case for a 
higher level of structural protection. 
 
71. Ultimately, in the apparently unlikely event of a very serious earthquake that damages 
some of the project’s infrastructure, the consequences are unlikely to be serious. The 
infrastructure is small in scale, and the failure of either an intake headwork or a canal would not 
cause serious flooding. In this scenario, much more life-threatening damage would have been 
sustained by houses and other structures, and damage to irrigation systems would be incidental 
to the overall disaster. 
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Table 9: Occurrence of Earthquakes in Laos over 37 years, by Magnitude 

Year 
Earthquake magnitude 

3.6 to 4.0 4.1 to 4.5 4.6 to 5.0 5.1 to 5.5 5.6 to 6.0 6.1 to 6.5 6.6 to 7.0 7.1 to 7.5 

1973   1 2  1   

1974 No data 

1975   2 2 1    

1976   3 2     

1977    1     

1978  2 4 2     

1979  2 3   1   

1980  1  1     

1981   1 1     

1982 1 1 2 3     

1983 2 8 7 3 1  2  

1984 1 2 3  1    

1985  5 5 1     

1986 1 3       

1987 2 3 3      

1988 1 2 1 6 2 1  1 

1989 2 1 9 2 3    

1990 1 8 3      

1991 3 4 1      

1992 5 6 3 1  2   

1993 2 9 6  1    

1994 3 2 3 2     

1995 4 1 1 3 1  1  

1996 3 9 3      

1997 3 2 1      

1998 1 1 1      

1999  2 2      

2000    1     

2001 2 7 6      

2002  9 1      

2003   2      

2004 1 1  1 1    

2005 3 3 2      

2006 1 6 2      

2007 6 9 5 1 1 2   

2008 5 5 1      

2009 2 3       

2010  1 1      
Source: UNDP (2010), based on United States Geological Survey data. 
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Table 10: Approximate Comparison of Earthquake Magnitude with Intensity 

Magnitude Intensity Modified Mercalli Intensity Scale description 

1.0 to 3.0 I. Not felt Not felt except by very few under especially favourable conditions. 

3.0 to 3.9 II. Weak Felt only by a few people at rest, especially on upper floors of 
buildings. 

III. Weak Felt quite noticeably by people indoors, especially on upper floors 
of buildings. Many people do not recognize it as an earthquake. 
Standing motor cars may rock slightly. Vibrations similar to the 
passing of a truck. Duration estimated. 

4.0 to 4.9 IV. Light Felt indoors by many, outdoors by few during the day. At night, 
some awakened. Dishes, windows, doors disturbed; walls make 
cracking sound. Sensation like heavy truck striking building. 
Standing motor cars rocked noticeably. 

V. Moderate Felt by nearly everyone; many awakened. Some dishes, windows 
broken. Unstable objects overturned. Pendulum clocks may stop. 

5.0 to 5.9 VI. Strong Felt by all, many frightened. Some heavy furniture moved; a few 
instances of fallen plaster. Damage slight. 

VII. Very strong Damage negligible in buildings of good design and construction; 
slight to moderate in well-built ordinary structures; considerable 
damage in poorly built or badly designed structures; some 
chimneys broken. 

6.0 to 6.9 VIII. Severe Damage slight in specially designed structures; considerable 
damage in ordinary substantial buildings with partial collapse. 
Damage great in poorly built structures. Fall of chimneys, factory 
stacks, columns, monuments, walls. Heavy furniture overturned. 

IX. Violent Damage considerable in specially designed structures; well-
designed frame structures thrown out of plumb. Damage great in 
substantial buildings, with partial collapse. Buildings shifted off 
foundations. Liquefaction. 

7.0 and 
higher 

X. Extreme Some well-built wooden structures destroyed; most masonry and 
frame structures destroyed with foundations. Rails bent. 

XI. Extreme Few, if any, (masonry) structures remain standing. Bridges 
destroyed. Broad fissures in ground. Underground pipe lines 
completely out of service. Earth slumps and land slips in soft 
ground. Rails bent greatly. 

XII. Extreme Damage total. Waves seen on ground surfaces. Lines of sight and 
level distorted. Objects thrown upward into the air. 
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Figure 15: Earthquake Risk Map of Northern Laos, using the Modified Mercalli Intensity 
Scale 

 
Note: This shows the risk of an earthquake of different intensities on a 250-year return period. In terms of project 
infrastructure with a 50-year operational life, this means that there is a 20% chance of an earthquake of the intensity 
shown affecting the infrastructure during its serviceable life.  
Source: UNDP (2010). 
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2. Engineering Failure Disasters 

72. Dam bursts were a known disaster risk in Laos even before the failure of a hydro-electric 
project’s saddle dam in Champasack Province in July 2018, sending a devastating flood wave 
down the Nam Xe Pian and across a wide swathe of low-lying land. The loss of life was 
considerable, and the destruction of property, crops and biodiversity is still not established. With 
a growing number of dams being constructed in Laos, for hydro-electric power, water supply and 
mine tailings, the risk of such a disaster is increasing nationally. The failure that led to the Xe Pian 
disaster was contributed to by monsoon rain exacerbated by further heavy rainfall from Tropical 
Storm Son-Tinh. Yet such a combination of events is not unknown from the past, as the analysis 
given above shows. The failure of a large, newly built dam must therefore be attributed to some 
failure in the design, construction or management of the structure. 
 
73. In the SRIWSM project, there will be no dams, but only run-of-the river weirs. Since the 
subprojects are all situated near the upper reaches of small catchments, they should not be 
threatened by potential failures of other projects’ dams.  
 
74. Bridge collapses occur from time to time, and a number of fatalities have occurred in Laos 
as a result. There are two main causes. One is the failure of a bridge structure, either due to 
undermining as a result of river scour causing abrasion or undermining of piers, abutments and 
cable anchorages, or over-topping and removal of a bridge deck by a high flood. The other is 
because of overloading of weak bridges by excessively heavy loads. While the direct result can 
include fatalities, the event of a bridge failure can more often become a disaster through the 
indirect impacts. These typically include the isolation of communities and consequent economic 
and social impacts. Bridge failures of any sort are expensive to rectify, although temporary 
bridging can often be used as an emergency measure. Bridges lost as a result of monsoon floods 
may be more problematic, since foundation conditions cannot even be investigated for the design 
basis until it is dry enough to make excavations or borings, and so a full replacement can take at 
least six months to achieve. 
 
75. In relation to the project, failures of major bridges are unlikely to pose significant risks, 
although they might cause localised socio-economic difficulties in the surrounding communities. 
The failure of a minor bridge might cause access difficulties across an irrigation canal or in an 
irrigation command area, and is therefore a more likely hazard to people aiming to derive benefits 
from the project. The construction of minor bridges is part of some of the SRIWSM subprojects, 
with the usual engineering design safeguards to ensure that they are resilient to the calculated 
extreme events. The integrity of all bridges, existing or new, will inevitably depend on monitoring 
and maintenance of foundation and structural conditions. 
 
76. Road failures occur frequently in rural areas, usually during the monsoon. These are a 
result of either flood or landslide damage, or of a failure of a road itself. Almost all of Laos is at 
risk of this, even on the major arterial highways, as shown by Figures 8 and 12. This is because 
of the combination of either steep or low-lying topography, and the intense rainfall regime 
discussed above. On more local roads in hilly areas, less well constructed roads are even more 
vulnerable, as shown in Figure 15, particularly when road users become over-ambitious in their 
traffic loadings. Probably more common, but less intractable, is the wet season difficulty of 
keeping roads passable. Where either drainage or surfacing materials are poor, or often both at 
the same time, vehicles churn the road into mud until they make it too soft to be usable. This is a 
particular problem on the most local roads, such as those around the subproject irrigation 
command areas and water supply catchments. Tractors help to enable access, but at the same 
time damage earth roads more than any other vehicles. The project’s approach is to construct or 
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improve roads where appropriate as part of the productive rural infrastructure. Materials used in 
construction must meet national engineering standards to ensure serviceability. However, roads 
require regular careful maintenance to ensure that the drainage of the formation and running 
surface remains effective, since otherwise they can decline to an unusable state within a single 
monsoon. 
 
77. Road accidents are a global problem and Laos is no exception. As far as the project is 
concerned, the reduction of risk is best built into safety plans for the transport of staff and workers. 
Provisions in this respect are therefore addressed through the Subproject Environmental 
Management and Monitoring Plans. 
 

Figure 16: Failure of a Road: Road 1A in August 2008 

 
 

3. Fire 

78. Fire is a standard tool used in the shifting cultivation system that has long prevailed over 
northern Laos. It is an important part of the process, both to clear vegetation for planting, and also 
to provide nutrition for the short period of cultivation before weed growth becomes too much and 
the land is returned to fallow. Government policies over the last few decades have aimed at 
stabilising agriculture to permanent cultivation systems, so the scene shown in Figure 16 has 
become much less common than it was in the early 2000s. Many shifting cultivators have been 
resettled into larger villages in the lowlands and the uplands designated as protected forests to 
encourage their gradual restoration. As a result, there is less use of fire, and with fewer 
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households relying on this form of agriculture, it has become more localised. Nevertheless, the 
starting of fires in upland forests during the dry season has not been stopped completely. 
 
79. In the provinces of northern Lao PDR, many project beneficiaries are resettled shifting 
cultivators who have been sensitised on the importance of avoiding fires in the forests. However, 
not all upland catchments have been completely resettled, and there is sometimes encroachment 
into the watersheds of the SRIWSM subprojects by people living in remote parts of the 
neighbouring watersheds. The lowland irrigation command areas are not really at risk of fire, since 
they offer high value cropping and are therefore well managed by their farmers. The upper parts 
of the catchments remain at risk from fires set by the remaining shifting cultivators or by hunters 
clearing undergrowth. As forests recover, they pass through a more susceptible period, before 
the developing tree canopy shades out the dense understorey of herbaceous and shrubby 
vegetation, and makes it harder for fires to develop an intense heat. The risk for the subprojects 
is indirect, in that an extensive fire in the water supply catchment could lead to a decline in runoff 
water quality for some years, and a heightened flood response and reduced dry season discharge 
volumes for a decade or more. The irrigation infrastructure to be supported by SRIWSM is to be 
designed with resilience against risks of this nature, but physical degradation of a catchment by 
fire would certainly translate into an increased maintenance burden, especially de-sedimentation, 
of the infrastructure.  
 

Figure 17: Land Cleared for Shifting Cultivation Principally through the use of Fire 

 
Land cleared for shifting cultivation principally through the use of fire, on steep slopes in Louangphabang Province in 
the 2005-06 dry season. Government policies have greatly reduced the extent of shifting cultivation, but the risk of dry 
season fires still remains. 
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4. Epidemics 

80. Epidemics are outbreaks of infectious diseases with incidences that are unusually high for 
the population or timeframe in which they are recorded. The situation regarding infectious 
diseases is usually very complicated, as they vary locally and temporally due to numerous 
different and ever-changing factors. As a result, it is difficult to provide a brief summary of the 
risks of an epidemic of disastrous proportions. In an attempt to do this, UNDP (2010) mapped the 
trends of ten diseases that had been recorded at epidemic scales in Laos over a five-year period 
for which adequate data were available for the whole country (except malaria, for which ten years 
of data were available). These epidemics were: acute bloody diarrhoea, acute respiratory tract 
infection, acute watery diarrhoea, dengue fever, dengue haemorrhagic fever, food poisoning, 
hepatitis, malaria, measles and typhoid fever. The overall trend towards greater or lesser disease 
susceptibility in northern Laos is shown in Figure 18. The diseases were mapped by province, 
which reflects more the way that data are collected than the actual distribution of disease 
incidences, since provincial boundaries rarely coincide with the edges of epidemics. However, a 
map of this nature still serves to provide a general approximation of the overall trends of the range 
of specified diseases. 
 
81. For the project provinces, and given the limited data range, a few observations can be 
made. All of the provinces show a decline in the incidences of malaria. They all show increasing 
trends of acute diarrhoeas, except that acute bloody diarrhoea appears to be declining in 
Xaignabouli. Acute respiratory tract infections and dengue fever are increasing in Xaignabouli and 
Xiangkhouang, but declining in Houaphan and Louangphabang. Dengue haemorrhagic fever is 
declining in Houaphan but increasing elsewhere. Houaphan shows reducing trends of food 
poisoning, but increasing trends of dengue, hepatitis, measles and typhoid. In Louangphabang 
there are reducing incidences of food poisoning, hepatitis and typhoid, but measles is increasing. 
In Xaignabouli, food poisoning, hepatitis, measles and typhoid are all declining. Xiangkhouang 
shows a decline in measles, but an increasing trend of food poisoning, hepatitis and typhoid.  
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Figure 18: Disease Susceptibility Map of Laos 

 
ABD = Acute Bloody Diarrhoea, ARTI = Acute Respiratory Tract Infection, AWD = Acute Watery Diarrhoea, DHF = 
Dengue Haemorrhagic Fever. 
Note: based on high incidences of ten diseases (see text), in terms of trend (i.e. increasing or decreasing incidence 
rates) 
Source: UNDP (2010).  
 

5. Unexploded Ordnance 

82. Unexploded ordnance (UXO) in Laos derives mostly from heavy American bombing in the 
1960s and 1970s. It includes a range of types, from rockets and artillery shells to cluster bombs, 
grenades and anti-personnel mines. UXO is a chronic man-made disaster likely to last for many 
more decades. Figure 19 shows the sub-regional distribution of unexploded ordnance. UXO may 
not be visible on the surface, but may be encountered at depth during excavations. Particularly 
for subprojects in Xiangkhouang and Houaphan, and in affected parts of Louangphabang, any 
possibility of unexploded ordnance should be noted, with locally collected details where available. 
Project activities in these areas will need to be subject to demining procedures before they can 
be implemented. 
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Figure 19. Unexploded Ordnance: Distribution and Density in Northern Laos 

 
Source: UNDP (2010) 
 

III. DISASTER RISK ASSESSMENT 

83. The analysis given above provides an appraisal of the most likely disaster scenarios that 
may occur in the project area. Determination of the implication of each scenario in terms of the 
likelihood of occurrence, and significance of its impact, is largely a qualitative exercise. Attempts 
have been made to predict the likelihood in percentage terms, but there are not enough data 
available to do this with any worthwhile level of meaning for particular subprojects, let alone for 
subprojects that have not yet been located or defined. Similarly, the level of significance is also 
difficult to quantify. Data are available on the scale of impacts from certain individual disasters 
(e.g. Typhoon Haima in 2011) or types of disasters (e.g. flooding of rice fields between 1996 and 
2005), but these tend to be at a provincial or national scale and are necessarily based on 
numerous general assumptions. Again, data are not available to estimate these at the scale of 
the SRIWSM subproject catchments. Hence the disaster risk assessment can only effectively give 
a qualitative categorisation into “low”, “medium” or “high” for both the significance and likelihood 
of each disaster type. This is the basis of the assessment as summarised in Table 11. 
 
84. The ways in which mitigation measures are put in place for each type of disaster are 
described briefly in Table 11 as part of the assessment. Provisions for these are built into the 
project designs, but responsibility for overseeing their implementation rests with a number of 
different agencies. The Provincial Irrigation Section of the PAFO is responsible for ensuring that 
the engineering measures are adopted in each province, though during the project 
implementation period there will be support provided by the loan implementation consultants. 
Measures that depend on good land management are the responsibility of the DAFO, since they 
require agricultural extension support to local communities. A variety of agencies are involved in 
other disaster mitigation measures: the Ministry of Public Works and Transport for safeguarding 
roads and bridges; the Ministry of Health for epidemic control; and the National Regulatory 
Authority for the detection and clearance of unexploded ordnance. 
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Table 11: Disaster Risk Assessment Matrix 

Event Risk summary Significance Likelihood Mitigation Responsibility 

Extreme 
heavy rainfall 

Damage to crops 
and 
infrastructure. 

Medium High Ensure that all 
infrastructure is designed 
and constructed with 
adequate resilience to the 
effects of extreme rainfall. 

Provincial 
Irrigation Section 

Flood Damage to 
infrastructure. 

Medium High Ensure that all 
infrastructure is designed 
and constructed with 
adequate resilience to the 
effects of floods. 

Provincial 
Irrigation Section 

Landslide Blockage of 
irrigation 
channels. 

Medium Low Align irrigation canals 
away from unstable areas 
or place in tunnels if 
instability cannot be 
avoided. 

Provincial 
Irrigation Section 

Drought Shortage of 
water for 
irrigation. 

High Medium Ensure that adequate 
water is available in the 
supply to cover even the 
driest likely periods; 
manage water judiciously 
when it is scarce. 

Provincial 
Irrigation Section 

Winds 
resulting in 
storm 
damage 

Damage to 
crops. 

Low Low Where possible, promote 
appropriate low stature 
crops that are less liable to 
lodging. 

District 
Agriculture and 
Forest Office 

Engineering 
disaster 

Failure of access 
infrastructure. 

Low Medium Ensure that all access 
infrastructure is 
constructed and 
maintained to high 
standards. 

Ministry of Public 
Works and 
Transport 

Fire Degradation of 
upper catchment. 

Low Medium Continue the policy of 
discouragement of shifting 
cultivation and use of fire. 

District 
Agriculture and 
Forest Office 

Earthquake Damage to 
infrastructure. 

High Low Ensure that all 
infrastructure is designed 
and constructed with 
adequate seismic 
resilience. 

Provincial 
Irrigation Section 

Epidemic Impact on 
agricultural 
workforce 

Medium Low Monitor community health 
and take rapid action 
against possible 
epidemics. 

Ministry of Health 

Unexploded 
ordnance 

Injuries to 
personnel during 
construction or 
maintenance. 

High Medium in 
affected 
districts. 

Check with local 
authorities regarding the 
UXO status of each 
subproject and request the 
National Regulatory 
Authority for assistance 
where necessary. 

Provincial 
Agriculture and 
Forest Office, and 
National 
Regulatory 
Authority 
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A. Disaster Preparedness and Response 

85. A National Disaster Management Committee (NDMC) was established under Prime 
Minister’s Decree No 158 (dated 23 August 1999), chaired by the Deputy Prime Minister. In 2003, 
the NDMC and Ministry of Labour and Social Welfare (MLSW) evaluated their experience on 
disaster management and developed a Disaster Management Country Strategy to benefit from 
the lessons learned to achieve a number of defined goals. The Country Strategy paper comprised 
three main parts: (i) lessons learnt from experiences in dealing with disasters; (ii) a strategy and 
direction for disaster management; and (iii) aims and goals to 2010 and 2020, and a plan for 2003 
to 2005. Ten years later, the Prime Minister’s Decree No. 220/PM (dated 28 August 2013) on the 
National Disaster Prevention and Management Committee created a new National Disaster 
Prevention and Control Committee, and moved the Committee’s Secretariat from the Ministry of 
Labour and Social Welfare to the Ministry of Natural Resources and Environment. By doing this, 
the disaster mandate was elevated by moving from a departmental division to the newly 
established Department of Disaster Management and Climate Change (DDMCC). This was, in 
effect, a shift from a responsive to a more proactively preventative approach to disaster risks, with 
early warnings becoming a key factor. 
 
86. At the international level, Laos has participated in the Hyogo Framework for Action (HFA), 
a 10-year plan to make the world safer from natural hazards. It was endorsed by the UN General 
Assembly in Resolution A/RES/60/195 following the 2005 World Disaster Reduction Conference. 
Laos reported its progress in line with the HFA guidance at three-yearly intervals, most recently 
in 2015, at which time it was replaced by the Sendai Framework. The final report recorded 
considerable achievement in institutional provisions, though there were still concerns over the 
level of resources available for disaster mitigation. 
 
87. The Sendai Framework for Disaster Risk Reduction 2015-2030 was adopted by UN 
Member States in March 2015 at the Third UN World Conference on Disaster Risk Reduction in 
Sendai, Japan. The Sendai Framework was the first major agreement of the post-2015 
development agenda, with seven targets and four priorities for action. It recognised that despite 
the outcomes arising from UN Member States’ work under the HFA, disasters were frequently 
impeding the achievement of sustainable development goals. It also raised the importance of 
climate change adaptation as a key aspect of disaster preparedness. The Sendai Framework 
aims by 2030 to achieve: “The substantial reduction of disaster risk and losses in lives, livelihoods 
and health, and in the economic, physical, social, cultural and environmental assets of persons, 
businesses, communities and countries.” To attain this outcome, the following goal must be 
pursued: “Prevent new and reduce existing disaster risk through the implementation of integrated 
and inclusive economic, structural, legal, social, health, cultural, educational, environmental, 
technological, political and institutional measures that prevent and reduce hazard exposure and 
vulnerability to disaster, increase preparedness for response and recovery, and thus strengthen 
resilience.” So far Laos has not revised its strategy publicly, although it has produced a survey 
report on data readiness to demonstrate progress in line with the Sendai Framework. 
 
88. Provincial Disaster Management Committees, District Disaster Management Committees 
and Village Protection Units are the entities administered by the local authorities to provide 
responses under the direction of the National Disaster Prevention and Control Committee and the 
DDMCC. The role of each of these entities depends of the nature and scale of each disaster, but 
clearly the more local an organisation is, the earlier it is likely to need to respond; and so capacity 
building is an ongoing governmental activity to help ensure readiness for disaster responses. 
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B. Adaptation Options for SRIWSM Subprojects in a Changing Climate 

89. The SRIWSM has adopted practical approaches to climate resilience for its infrastructure. 
One is the careful assessment of climatic data in the scaling of engineering designs, as discussed 
above. Put simply, the intention is to make the infrastructure big enough to accommodate the 
most frequent likely floods, and strong enough to withstand occasional high floods at greater 
frequencies than previously. Moving beyond the hard engineering required for river control and 
offtake structures, design parameters include the use of bio-engineering to strengthen 
streambanks upstream and immediately downstream of intakes, as well as canal banks in the 
distributary system, in an affordable way.  
 
90. The other main adaptation approach is based on the appropriate use of agricultural 
methods to ensure that soils and crops are better protected against climatic extremes. This uses 
many standard principles of good land husbandry, including those described by NAFRI (2005) 
and WOCAT (2007). These are built into the project’s recommendations for agricultural 
development of the land improved by the irrigation schemes it supports and the upper catchment 
management planning that is particularly designed for use in the Xiangkhouang Province 
subprojects. 
 
91. A range of general adaptation options are provided for Laos in the government’s climate 
change action documents (MONRE, undated, and GOL, 2015), and for Asia more generally in 
ADB’s Guidelines for Climate Proofing Investment in Agriculture, Rural Development, and Food 
Security (ADB, 2012). Where appropriate, these are incorporated into the recommended 
adaptation actions given later in this section of the CRVA. 
 
C. Rationale for Adaptation 

92. The project design incorporates measures that serve the purpose of climate change 
adaptation, notably significant improvements to existing infrastructure (such as replacing weirs 
with substantial reinforced concrete structures) and land use planning leading to activities that 
improve slope strength and the integrity of the watersheds. However, the effectiveness of these 
measures, particularly the construction of improved infrastructure, is significantly dependent on 
the quality of design and of construction. Measures to ensure quality are therefore an important 
adaptation strategy. This is borne out by the fact that many of the schemes to be included in the 
project are ones that had been built previously through government or donor investment which 
have developed defects or in some cases have failed completely. Quality applies to design, choice 
of materials, workmanship and technical supervision. 
 
93. Further adaptation may be achieved by incremental improvements to measures already 
included, such as designing for greater than 50-year flood return periods, and greater technical 
and financial assistance to watershed management activities. 
 
94. A major difficulty with adaptation for dry years arises from the fact that very little 
information specific to the source streams for the schemes is available. An understanding of 
patterns of dry season flow is necessary, to determine reliably allowable irrigable areas and 
sharing arrangements for competing water uses. Stream level measurement is therefore 
recommended as an adaptation measure. To overcome frequent difficulties with manual 
measurements in rural areas, the use of automatic stream level reading devices coupled to data 
loggers that upload information to the internet via a mobile telephone network may become an 
option. However, the current consensus is that these are too vulnerable and do not survive for 
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long in remote locations; in any case, valley bottoms are often in blind spots in mobile network 
coverage.  
 
95. The section above lays the scene for the provision of design guidance for climate-resilient 
infrastructure. As it shows, the uncertainties regarding current climatic conditions over highly 
variable micro-environmental conditions mean that it is difficult to define optimal design standards 
for existing conditions, let alone those that may occur as a result of changes that are also difficult 
to predict. The design guidance will therefore necessarily be a working approximation rather than 
a set of hard facts. 
 
96. It will not be possible to derive full rainfall intensity-duration curves within the period of 
project implementation. It is possible to synthesise values using the method derived by Sherman 
in 1931. Alternatively, as a proxy, guideline threshold values have been developed that can be 
used for design purposes. These are necessarily only an approximation, but are based on a 
rational assessment of the subproject localities, the availability of data and the best assumptions 
that can be made of current conditions and likely changes. 
 
97. The two key design aspects that must be determined and which require special 
consideration are maximum discharge calculation parameters and minimum baseflow levels. 
While both of these will depend on individual basin characteristics, they are also based 
respectively on the greatest possible rainfall and the worst possible drought likely on, probably, a 
100-year return period under future climate scenarios. 
 
D. Recommendations: Engineering 

98. The project’s approach is to enhance engineering measures by improving designs, 
materials, methods and skills. The representative subprojects that were designed during the 
project preparation period incorporated a number of design features that will make them more 
resilient to climate extremes. These set the standard to be used in future SRIWSM subprojects. 
Materials to be used include both “hard” civil engineering materials, such as better intake 
structures and moves from earth linings of canals to concrete linings, and flexible bio-engineering 
materials to absorb flood energy. The methodological aspects cover a range of issues, such as 
closer consultation with infrastructure end users and increased measuring of river flows, to inform 
design and construction parameters.  
 
99. Moving beyond the hard engineering required for river control and offtake structures, our 
design parameters include two main additional features. The first of these is the use of bio-
engineering to strengthen streambanks around intakes and canal banks in the distributary system. 
Bio-engineering measures may be used alone or in combination with civil engineering structures. 
They may utilise mainly grasses, or mainly woody plants, or a combination of the two. Bio-
engineering can also be integrated with agricultural systems, and the guidelines include 
recommendations for participatory and community-based systems of bio-engineering to promote 
better land husbandry, thereby improving resilience in different parts of the catchments.   
 
100. The second significant feature added to engineering designs is the incorporation of 
appropriate management measures as part of the operation of the subproject infrastructure. This 
will need to be determined by the community entity for the local management of the subproject – 
such as a Water Users’ Group – and agreed as part of the design, management and maintenance 
regimes. Typical provisions in this would be the regulation of upstream land uses (such as 
restrictions on the amount of forest that can be cleared) and essential management tasks such 
as clearing streambank vegetation, cleaning debris from weirs and desilting ponds. The intention 
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is that the users receive infrastructure at the point of handover with an understanding of their 
responsibilities in ensuring its longevity, and is a requirement introduced in response to the rapid 
dysfunctioning of many previous similar schemes. 
 
101. One of the key features in making irrigation systems and other infrastructure climate 
resilient in the environment of northern Laos is to ensure that intake structures, drains and 
drainage apertures (i.e. culverts and bridges), and canals, are designed to withstand maximum 
likely floods. The actual weir structures in the stream are submerged and at little risk from 
increased flood heights, so the greater risks relate to outflanking and excessive flow damaging 
banks and entering canals. Predicting these effects is very hard to achieve in the project areas 
because of the lack of information on flood heights, since there are very few data on precipitation 
and river discharge. However, based on the analysis given in this CRVA with a possible 20% 
increase due to a trend towards greater rainfall intensities based on the guidance suggested by 
GOL (2010), the key guideline values based on historical data are given below. These should be 
taken as potentially occurring in the latter half of the monsoon, once soil recharge is complete, 
and therefore allowing for negligible infiltration and 100% runoff. 

(i) Maximum cumulative rainfall in 24 hours: 240 mm; 
(ii) Maximum cumulative rainfall in 48 hours: 320 mm; and 
(iii) Maximum cumulative rainfall in 72 hours: 400 mm. 

 
102. These figures accord with those determined using standard engineering design processes 
during project preparation. For example, the highest 24-hour rainfall recorded in Viengxay District, 
Houaphan, was 176 mm. Based on simple probability, the probability of exceedance (return 
period) is about 20 years or P5%. By extrapolating these data, the maximum 24-hour rainfall totals 
are determined to be 215 mm for the P2% (i.e. 1-in-50-year) and 240 mm for the P1% (i.e. 1-in-
100-year) events. Based on these rainfall volumes, the corresponding flood flows determined 
from the 196.5 km2 Nam Pua catchment using the Sokolov empirical method, were predicted to 
be 232 m3/s and 342 m3/s for P2% and P1% respectively. The project design basis is that the 
P1% flood flow is taken as the standard for the design of headworks, and so the capacity of the 
Nam Pua weir to withstand a flood of 342 m3/s in a controlled manner was checked using the 
United States Army Corps of Engineers Hydraulic Engineering Centre’s River Analysis System.  
The weir was also checked at the probable maximum flood to assess the flow paths and potential 
areas for damage. The analyses confirmed that the maximum water levels would remain within 
the defined river channel. 
 
103. The standard flood flow considerations currently used for the hydraulic design of 
headworks by the Department of Irrigation are: the predicted 1-in-100-year flood for dam 
spillways; the predicted 1-in-50-year flood for weirs with catchment areas more than 100 km2; the 
predicted 1-in-25-year flood for catchment areas between 50 and 100 km2; and the predicted 1-
in-10-year flood for catchment areas of less than 50 km2. These return periods represent flood 
flows of P1%, P2%, P4% and P10% respectively. The current NRI project adopted the historical 
P2% flood flow as the design standard for all weirs irrespective of catchment area. To allow for 
greater impacts from climate change, NRI now also includes a 20% capacity safety factor in its 
designs. The assessment of the potential impacts from increased rainfall intensities and durations 
by the SRIWSM technical assistance suggests that a flow adjustment in the range of 35% to 55% 
above the P2% value could in fact be expected, which in effect increases the standard design 
flow from the P2% values to near the historic P1% values (i.e. the predicted 1-in-100-year flood 
based on statistical analysis of the available historical rainfall data). Therefore, it is recommended 
that the 1-in-100-year rainfall event should be adopted as the new design standard for all weirs. 
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104. For the design of spillways for small dams, as typically used for small to medium scale 
irrigation, it is recommended that the standard remains at the P1% (1-in-100-year) capacity, but 
that sufficient freeboard above the reservoir full supply level is included to allow for double (i.e. 
twice) the P1% flow to pass over the spillway without the main dam embankment being 
overtopped. This is based on a review of the probable maximum flows (PMF) expected in 
watersheds in the northern provinces of Lao PDR which found them to be approximately 75% 
greater than the P1% flows.  
 
105. In the context of the maximum likely rainfall volumes, a recommended simple procedure 
for calculating the maximum climate resilient flood level is as follows. 

(i) Use the Department of Irrigation Standard and the Sokolov Method for the formal 
engineering hydraulic calculations. If possible, also cross-check with the Rational 
Method and the Mekong Drainage Curve. 

(ii) Provide a critical review of the input data for the catchment in question and 
estimate the potential variability (and therefore the possible range of inaccuracy) 
in the Sokolov discharge figures. 

(iii) Make a field assessment of flood height evidence. This would normally be done as 
part of the environmental appraisal in any case. 

(iv) Enquire locally about normal and maximum (“biggest ever in your lifetime”) flood 
heights to tap into community knowledge. 

(v) Use information from the findings of the previous two steps to make estimates of 
maximum flood discharge volumes. 

(vi) Undertake a simple risk-cost assessment to determine the likelihood and scale of 
damage if the scheme is under-designed. 

(vii) Review all of the findings and determine a pragmatic maximum flood discharge. 
(viii) Design the hard engineering works accordingly. 
(ix) Design soft engineering (bio-engineering or other) works to protect additional 

freeboard of low probability inundation. 
 
106. The procedure for compensatory (or environmental or base) flow determination is to some 
extent more an environmental management issue, but it is strongly related to climate resilient 
design criteria because it must also be robust in the face of climate change. Establishing 
pragmatic compensatory flows in rivers is difficult even where a catchment is well gauged and 
flows are clearly understood. In the SRIWSM subproject catchments, these basic data are not 
available. The main complications occur in determining the needs of the key riverine and aquatic 
species present in the catchment. There is no particular way to determine environmental base 
flows in the subproject catchments under current conditions, let alone under possible future 
climatic conditions. Since longer and drier dry seasons appear likely to occur in most model output 
scenarios, these will probably need to be based on future predictions of lower seasonal stream 
flows. The project’s EARF proposes a pragmatic solution to this, and it is recommended that this 
be followed. 
 
E. Recommendations: Agricultural Systems 

107. The objective of SRIWSM is to modify or alter existing catchment based land uses that do 
not support the ecological services – and therefore climate resilience – for watershed 
management. In this sense the project seeks to increase the proportion of each catchment area 
that is under permanent vegetation to reduce soil loss, and to increase the infiltration of rainfall. 
The retention of water for longer within the catchment will reduce peak watershed discharge flows 
and will result in water being released over a longer duration reducing the period of low flows. 
The ways in which this is achieved will be very dependent on the existing practices in each 
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subproject catchment and so it is difficult to provide specific recommendations. The description 
here therefore focuses mainly on the example of the Nam Tong catchment in Xiangkhouang, 
where the project has designed a watershed management plan. The actions given in Table 13 
are more specific, but will not apply equally to every subproject. 
 
108. The project’s interventions in upland catchments builds on supporting the PAFO 
Department of Agriculture and Land Management (DALAM) Offices to generate or update land 
use plans that incorporate land use change and stabilisation. The approach is based on data 
collection at both desk and field levels, and extensive community participation. Land use 
investment plans and land use change plans will be developed, leading to a series of land use 
change agreements to be made with participating farmers and communities. The process is then 
continued with monitoring and the updating of plans. The SRIWSM seeks to move beyond simple 
zonal based land allocation to identify where change is necessary to protect and sustain the 
watershed functions that underpin functional zones or categories. In adopting this approach, the 
project seeks to support a set of interventions that result in preferred land user behaviour which 
supports the watershed objective both within each land use category and then across the wider 
watershed catchment. The goal is specified in terms of changed land use practices rather than 
the preparation of a land use plan. 
 
109. An example of the process would be in defining land use zone objectives for a community 
forest that is currently overgrazed. The land user behaviour change process would identify who 
grazes the forest, when and with what intensity. It would then work with these land users to identify 
alternative grazing lands that can be developed so that they support the grazing requirement of 
cattle. Through this process the existing production forest that is overgrazed can be set aside for 
natural regeneration and can be re-zoned into village conservation forest. For successfully moving 
their cattle out of the forest, the cattle owners might gain title to their grazing lands as well as 
greater productivity from improved growth rates and livestock body condition. From the climate 
change resilience perspective, the advantages are that overall land condition will be improved, 
making the catchment more resilient to erosion and landsliding. 
 
110. As a further example, for the Nam Tong catchment in Xiangkhouang Province, the major 
land use changes sought are listed below. These show how extensive need to be many of the 
agricultural changes in a single catchment, in order to promote the project’s three principle goals 
of agricultural sustainability, ecological protection and climate resilience: achieving any of these 
generally means achieving all of them. 

(i) Retirement of the rotational shifting cultivation area of 256 hectares and the re-
establishment of permanent vegetation using natural regeneration techniques; 

(ii) Enhanced forest quality in the village managed grazing block of 555 ha by 
transferring grazing on to the agricultural land for grazing of 91 ha; 

(iii) Increased productivity and extent of forest tea within the 566 ha allocated for this 
crop, to reduce the risks of vegetation degradation and casual burning; 

(iv) Check dams constructed to increase water retention within the catchment and aid 
natural regeneration;  

(v) The production of cultivated passion fruit tested as a means to reduce pressure on 
wild collected fruit; and 

(vi) Providing community connectivity with markets, schools and health facilities.  
 
111. At a field level, the project aims to help the water users to maximise productivity from their 
available land and water resources. While the engineering recommendations include provision to 
deliver the most reliable available water supply to the fields, agronomic responses are also 
necessary to ensure that the water is best used. If dry seasons increase in severity and water 
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becomes scarce, one way in which this might be achieved would be through the use of crops that 
have lower water requirements. Table 12 provides examples of these. There are so many factors 
involved that the range in values is wide. Based on the simple definition that potential 
evapotranspiration is the demand by the atmosphere for water on the soil-plant system, then when 
soil water is not limiting growth, the only important variable is the “crop factor”, which changes 
with respect to crop type and stage of growth. Climate change will influence planting dates and 
growth performance through shifts in temperatures, with irrigation overcoming changes in rainfall 
patterns in the case of the subproject command areas (providing water is available in river when 
needed). Typically a simplified crop water estimation table is used in Laos to calculate the 
distribution of water demand throughout the growing season. This takes into account the available 
soil water (mainly rainfall minus percolation and evapotranspiration), crop consumption and a 
relative coefficient for the characteristics of each crop, and an irrigation efficiency factor, to give 
a areal estimate of the water volume required over time. 
 
112. Farmers and agricultural enterprises need better knowledge of, and information about, 
current and emerging market opportunities in order to plan their farming and business activities. 
Without this, they are not in a position to adapt their practices to changing climatic conditions, but 
tend to become locked into an unsustainable cycle of land degradation and diminishing 
agricultural returns. The project’s approach utilises a value chain or market linkage strategy. For 
the representative subprojects, potential cropping and livestock systems have been identified and 
reviewed in terms of the proposed value chain, potential markets and returns. A producer support, 
value chain support and farm extension strategy are recommended.  
 

Table 12: Use of Water by Different Crops during Growth, Expressed by Range of 
Potential Evapotranspiration 

Crop 
Water requirement 

(mm) 
Crop 

Water requirement 
(mm) 

Rice 900-2500 Chili 500 

Wheat 450-650 Sunflower 350-500 

Sorghum 450-650 Castor 500 

Maize 500-800 Bean 300-500 

Sugarcane 1500-2500 Cabbage 380-500 

Groundnut 500-700 Pea 350-500 

Cotton  700-1300 Banana 1200-2200 

Soybean 450-700 Citrus 900-1200 

Tobacco 400-600 Pineapple 700-1000 

Tomato 600-800 Gingelly 350-400 

Potato 500-700 Ragi  400-450 

Onion 350-550 Grape 500-1200 

 
F. Recommended Actions for Climate Change Adaptation 

113. Table 13 lists the climate change adaptation measures that are recommended to be used 
in the SRIWSM Project. The ways in which these are covered in project documentation are also 
shown. 
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Table 13: Recommended Climate Change Adaptation Measures for SRIWSM 

Action 
Contribution to  
climate resilience 

Where incorporated in  
SRIWSM documents 

Over-arching measures 

Ensure improved construction 
quality. 

Infrastructure lasts longer and 
performs better during climatic 
extremes. 

Subproject Detailed Engineering 
Designs. 
Subproject tender documents. 
 

Develop capacity of local 
engineers in quality control of 
scheme design and 
construction. 

Infrastructure is designed and 
constructed better, in ways that 
are more resilient to climatic 
extremes. 

Project implementation 
consultants’ institutional support 
and capacity building terms of 
reference at provincial level. 

Develop capacity of farmers to 
understand the threats and 
opportunities of climate change, 
and the need for agricultural 
adaptation. 

Land managers become more 
resilient to climate extremes. 

Water user group awareness 
and capacity building program 
for water management  

Promote enhanced household 
capacity to increase and 
diversify their production of food 
crops and small livestock and 
generate cash income from food 
crop value chains. 

Households and individuals are 
made more resilient to climatic 
fluctuations and extremes. 

Project design documents. 
Subproject Feasibility Studies 
for Houaphan and 
Xiangkhouang. 

Provide support in Water, 
Sanitation and Hygiene (WASH) 
to improve access to clean 
water and a healthy 
environment. 

Implement a social behaviour 
change communication strategy 
to promote more nutritional 
feeding, the better division of 
labour and more equal control of 
resources. 

Flood resilience 

Improve design of headworks, 
making them better at 
withstanding high flows. 

Headworks are more resilient to 
flood events. 

Subproject Detailed Engineering 
Designs. 

Improve design of headworks, 
preventing flood surges from 
entering irrigation canals. 

Canals are protected from flood 
surges. 

Subproject Detailed Engineering 
Designs. 

Improved design of canals and 
distribution systems, proofing 
them against heavy runoff (for 
example, by increasing 
overpasses of flood channels). 

Canals are protected from flood 
surges. 

Subproject Detailed Engineering 
Designs. 

Improve river bank protection in 
the vicinity of project 
infrastructure (intakes, bridges 
and roads, etc.) (i.e. where 
outflanking of structures may 
occur during high floods). 

Infrastructure in vulnerable 
locations is more resilient to 
flood events. 

Engineering Guidelines  

Improve canal bank protection 
to minimise erosion. 

Canals are more resistant to 
erosion damage during high 
flows or intense rainfall. 

Engineering Guidelines  
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Action 
Contribution to  
climate resilience 

Where incorporated in  
SRIWSM documents 

Ensure adequate drain 
capacities and aperture sizes of 
culverts and bridges. 

Roads and bridges are 
protected from high runoff levels 
resulting from intense or 
prolonged rainfall events. 

Engineering Guidelines. 

Ensure that all soil surfaces 
around all project infrastructure 
is protected against erosion. 

All infrastructure is protected 
from erosion due to runoff 
resulting from intense or 
prolonged rainfall events. 

Engineering Guidelines  

Adopt landslide control 
measures, including 
susceptibility surveys and 
preventative measures. 

Infrastructure in vulnerable 
locations is better protected 
from, or can be more quickly 
recovered from, landslides that 
result from intense or prolonged 
rainfall events. 

Subproject Environmental 
Management and Monitoring 
Plans.  
Engineering Guidelines.  

Improve design of field 
drainage. 

Command areas are better 
protected from soil erosion as a 
result of rainfall rates exceeding 
infiltration rates. 

Subproject Environmental 
Management and Monitoring 
Plans.  
Engineering Guidelines.  

Devise diversions or flood 
attenuation systems where 
feasible. 

High flow levels can be diverted 
or attenuated, reducing the 
incidence of damaging floods. 

Subproject Detailed Engineering 
Designs. 

Drought resilience 

Create a design and 
management arrangement 
which ensures that the water 
supply available can meet the 
consumption demand even if dry 
seasons become more severe. 

Irrigation scheme is sustainable 
for dry season supply if droughts 
become worse or more frequent. 

Subproject Detailed Designs. 
Subproject Initial Environmental 
Examinations.  
Subproject Environmental 
Management and Monitoring 
Plans. 

Ensure that the volume of water 
offtake from a river will not 
exceed the agreed levels of 
adequate compensatory flows 
throughout the year without 
relying on greater abstraction 
from the source river than is 
permitted in the driest months.  

Ensure that the size of 
command area and maximum 
water demand in it will not 
exceed the capacity of the 
source river to provide adequate 
water throughout the year. 

Irrigation scheme is sustainable 
for dry season supply if droughts 
become worse or more frequent. 

Subproject Detailed Design  
Subproject Initial Environmental 
Examinations.  
Subproject Environmental 
Management and Monitoring 
Plans. 

Provide a supply system that 
can deliver adequate water to 
crops at the driest periods (i.e. 
with minimal leakages or 
wastage). 

Ensure distribution systems can 
deliver water to crops without 
wastage, which may mean the 
use of pipes rather than open 
channels.  
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Action 
Contribution to  
climate resilience 

Where incorporated in  
SRIWSM documents 

Ensure that water users 
understand the permitted levels 
of water offtake and how to 
regulate water use for maximum 
effectiveness during droughts. 

Irrigation scheme is sustainable 
for dry season supply if droughts 
become worse or more frequent. 

Awareness training for farmers 
on handover of assets. 

Resilience to increased insolation, temperature and carbon dioxide 

Develop an improved 
awareness of available crop 
varieties warmer or drier 
situations. 

Farmers can adapt their 
agricultural systems to meet the 
environmental conditions and 
plant growth benefits of 
changing climatic conditions.  

Agriculture Design Strategy. 
Subproject Detailed Design  

Promote land management 
systems that incorporate a 
greater use of agroforestry or 
tree based farming, with more 
shading and mulching of the soil 
surface. 

Soil moisture is better 
conserved during hotter and 
drier periods, promoting a good 
vegetation cover.  

Subproject Watershed 
Management Plans (where 
applicable). 

Resilient land management 

Introduce structured land use 
planning in supply catchments, 
preferably participatory land use 
planning, to improve vegetation 
cover in the watersheds and 
improve the strength of slopes. 

Catchments become better 
protected against erosion and 
landslides, in both current and 
future climatic extremes. 

Subproject Watershed 
Management Plans (where 
applicable). 
Community land use 
agreements. 

Enforce regulation of upstream 
land uses (such as restrictions 
on the amount of forest that can 
be cleared and land cultivated).  
 
 
 

Resilient infrastructure management 

Encourage Water User Groups 
to record low flow levels and 
high flood levels using simple 
recording systems, to build 
knowledge about streamflow 
availability, to help dry season 
water usage planning 

Water flows are better 
understood, so water use can 
be adjusted according to 
availability through the seasons 
and over the years of 
infrastructure operation, 
accommodating climate change. 

Responsibility of PAFO. 

At the time of handover, to 
encourage Water User Groups 
to undertake essential regular 
maintenance tasks, such as 
clearing streambank vegetation, 
cleaning debris from weirs and 
desilting ponds. 

Infrastructure is maintained in 
good condition, keeping it robust 
in case of climatic fluctuations. 

Responsibility of WUG. 
Ensure that appropriate 
engineering maintenance 
measures (such as regular 
inspections and repairs of 
structures) are undertaken as 
part of the operation of the 
subproject infrastructure. 
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IV. REPRESENTATIVE SUBPROJECT DISASTER AND CLIMATE RISK RESPONSES 

114. The following incremental investment is proposed for mitigating flood events within the 
irrigation system or associated catchments in Xiangkhouang province and to enable water user 
to adapt their irrigated agriculture to respond to markets during dry season where the irrigation 
reliably offsets the significant impact of dry season droughts. 
 
A. Nam Pua Subproject Houaphan 

115. Nam Pua subproject disasters are strongly related to high flood flows at the offtake and 
along the main canal reducing the extent and reliability of dry season high value cropping, and 
also with respect to the access to the command area where local bridge access is lost annually 
due to flood flows that result in women and children accessing the command area by swimming 
the Nam Pua river during flood events.  
 
116. The ADB DRRF p[rovides incremental support for: 

(i) Headworks protection of the main canal offtake to prevent flood ingress – 
incremental cost of $25,000 

(ii) Main canal flood flow protection and flood diversion structures – incremental costs 
$303,000 

(iii) Dry season drought protection through piped canal offtakes enabling reliable dry 
season irrigation of total command area – incremental costs of $64,000 

(iv) Command area access (n=2) based on bridges designed for P2 flood engineering 
designs – incremental costs of $187,000 
 

B. Nam Tong Xiangkhouang Province 

117. Nam Tong subproject has substantial flood risk due to (i) degraded and ongoing 
degradation of the upper catchment through land conversion and forest degradation from fire and 
excessive grazing, (ii) social disruption during flood events creating substantial risks for accessing 
education facilities and markets, (iii) irrigation headworks damages due to high flows, (iv) dry 
seasons crop failures due to drought and unreliable access to irrigation water.  
 
118. The ADB DRRF funds will provide incremental investment in the upper catchment to 
increase water retention in the catchment to reduce peak flood events and to spread water release 
into the dry season through: 

(i) Protection of the Ban Xuon riparian irrigation schemes offtakes to enable wet and 
dry season irrigation that enables the retirement of shifting cultivation land for 
reforestation - incremental cost of 38,000,  

(ii) Improved forest cover and forest quality through perennial vegetation and grazing 
that removes cattle from forest lands - incremental cost of $95,000 

(iii) Support for 5 check dams of $14,000 
(iv) Surface protection and river crossing all weather surfacing on the Ban Xoun 

access road to remove risk to access to education and market infrastructure – 
incremental cost of $446,000 
 

C. Nam Seng Louangphabang Province 

119. Priority site based risks for the Nam Seng Subproject are (i) flash flooding at the 
headworks resulting in offtake damage and reduced water transfer to command areas, (ii) land 
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slide and flood water ingress along the main canals due to high intensity and long duration rainfall 
damaging main canal 1 and 2 disrupting irrigation water access during the wet season and dry 
season rice cropping season, (iii) main canal access road land slide and slope instability due to 
high intensity rainfall resulting in loss of access for canal management and also loss of main canal 
structure, and (iv) dry season drought risk in the new command areas of SC 1 resulting in food 
insecurity. 
 
120. The SRIWSM ADB DRRF financing will support the following incremental costs to reduce 
the disaster risks to the reliability of command area irrigation especially during the dry seasons: 

(i) Headworks canal offtake protection from flood waters – incremental cost $6,080 
(ii) Main Canal Road slope protection and drainage – incremental cost $74,000 
(iii) Main Canal 1 and 2 rehabilitation and protection from land slides, croos drainage 

flood flows – incremental cost $ 626,000 
(iv) SC 1 Command area dry season drought risk resulting in crop failures requiring 

water control structure and distribution throughout the command area incremental 
cost $1.2 million 

 
D. Phieng 1 and 2 Xaignabouli Province 

121. Phieng 1 and 2 subproject faces substantial dry season drought risk for high value 
cropping that the current field to field flow irrigation system results in low water use efficiency and 
reduced ability to have a reliable crop. The MC road surface is regularly destroyed through the 
lack of a surface treatment that protects against prolong saturation which in turn adds additional 
risk to the integrity of the adjacent main canal 1. The subproject will provide additional canal 
strengthening, water control structures and road surfacing including: 

(i) Phieng 1 Command Area canal and water control structures – incremental cost of 
$367,000 

(ii) Phieng 2 command area canal extension, canal strengthening, and control gates 
– incremental cost of $507,000 

(iii) Main Canal 1 road surfacing treatment of $ 437,000 
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APPENDIX 1: RAINFALL DATA AND ANALYSIS FOR THE PROJECT PROVINCES 
 
Houaphan Province 
 
1. Houaphan is in a relatively low rainfall belt. The two weather stations in the Province, Sam 
Nua and Vieng Say, show generally similar average annual rainfall, at 1500 and 1550 mm 
respectively. The range of annual totals recorded over the last 18 years has been greatest at Sam 
Nua, with variations between 1000 and 2000 mm. This is a significant variation – 33% either side 
of the mean – and so much variability over a short period suggests that a longer timeframe is 
likely to see even wider extremes.  
 

Monthly Rainfall (mm) at Sam Nua (top) and Vieng Say (bottom), Houaphan Province 

 

 

 

 

 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

2000 -    6.3    2.1     75.4   209.8 164.8   180.2   187.4   151.3 75.9    0.5    -    1,053.7 

2001 11.3  -    91.6   41.8   307.3 116.1   253.8   187.8   130.7 238.0   14.8  -    1,393.2 

2002 24.5  -    49.0   141.6 363.9 154.8   331.0   271.2   124.7 64.1    71.0  60.8  1,656.6 

2003 14.3  36.9  32.4   97.9   199.1 247.8   229.3   245.0   204.6 38.5    0.2    -    1,346.0 

2004 2.1    11.0  67.0   224.5 330.4 155.7   287.9   340.7   179.3 0.5      56.2  2.8    1,658.1 

2005 2.5    2.0    24.4   71.9   90.6   171.9   462.7   389.9   286.2 3.7      45.3  15.3  1,566.4 

2006 1.1    4.9    28.4   113.9 142.9 127.1   169.8   389.0   81.4   64.6    -    -    1,123.1 

2007 1.4    49.2  40.2   121.1 200.4 247.5   300.4   178.4   292.6 323.1   7.3    3.7    1,765.3 

2008 27.9  22.8  102.3 137.1 185.9 238.1   185.8   158.7   297.4 246.8   33.9  14.0  1,650.7 

2009 4.4    6.1    18.6   89.8   207.2 143.3   270.2   273.8   193.7 50.3    0.5    1.3    1,259.2 

2010 67.9  8.0    36.2   82.2   183.6 140.1   124.1   254.6   78.9   102.2   0.4    3.4    1,081.6 

2011 4.3    2.7    152.5 67.6   121.1 264.7   440.8   236.9   461.4 48.3    7.0    3.9    1,811.2 

2012 9.1    0.5    6.5     83.2   170.0 303.9   342.1   394.6   353.0 101.9   88.6  2.5    1,855.9 

2013 21.1  -    29.1   108.4 117.8 169.4   393.5   284.0   78.0   41.2    11.0  31.8  1,285.3 

2014 1.1    0.4    39.4   94.4   124.3 331.3   363.4   327.2   19.1   60.1    51.4  2.1    1,414.2 

2015 45.9  1.1    5.1     92.5   27.0   157.2   251.1   451.2   145.7 68.5    94.9  53.6  1,393.8 

2016 83.6  6.3    7.4     206.6 79.2   122.5   141.5   569.4   121.5 638.0   31.1  8.3    2,015.4 

2017 33.9  0.3    29.8   61.9   171.3 320.6   348.3   117.8   189.3 217.6   2.2    47.4  1,540.4 

Average 19.8  8.8    42.3   106.2 179.5 198.7   282.0   292.1   188.3 132.4   28.7  13.9  1,492.8 

Minimum -    -    2.1     41.8   27.0   116.1   124.1   117.8   19.1   0.5      -    -    1,053.7 

Maximum 83.6  49.2  152.5 224.5 363.9 331.3   462.7   569.4   461.4 638.0   94.9  60.8  2,015.4 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

2000 5.8      46.2     1.5      85.9     406.7   169.4   305.5   386.3   220.3   43.3     1.6      4.0      1,676.5     

2001 16.0     7.2      139.7   71.4     350.3   179.9   332.0   230.4   174.4   201.8   92.3     6.4      1,801.8     

2002 51.2     5.6      49.0     102.6   336.5   320.1   289.3   234.7   129.4   72.2     86.5     49.4     1,726.5     

2003 20.9     41.2     18.0     98.0     196.0   148.7   317.5   290.9   193.1   22.3     0.7      2.9      1,350.2     

2004 4.9      20.2     11.8     304.6   301.0   149.4   190.2   151.9   204.9   1.1      40.3     1.6      1,381.9     

2005 6.8      3.3      23.9     72.3     132.8   228.6   303.3   400.0   279.3   16.2     90.1     30.1     1,586.7     

2006 5.9      3.8      23.3     157.8   177.9   120.1   226.4   358.2   118.3   66.0     0.6      -      1,258.3     

2007 1.3      70.3     27.4     137.2   163.6   187.7   278.5   222.9   341.6   315.1   16.0     5.2      1,766.8     

2008 21.5     37.7     80.4     184.6   181.0   196.9   323.0   160.4   186.2   270.7   155.4   19.6     1,817.4     

2009 12.2     7.8      22.2     111.6   292.0   98.8     234.3   218.9   224.3   35.2     4.9      2.6      1,264.8     

2010 58.8     8.7      39.6     94.3     251.5   92.3     124.3   396.8   163.7   99.7     1.2      12.8     1,343.7     

2011 22.6     5.9      163.3   85.6     109.5   296.7   269.6   270.7   219.2   55.6     27.2     11.8     1,537.7     

2012 18.8     11.1     3.8      63.7     200.2   182.6   315.2   326.2   281.1   89.0     78.1     10.3     1,580.1     

2013 10.2     2.8      26.8     74.4     162.6   213.7   332.6   328.7   130.0   50.1     19.4     29.2     1,380.5     

2014 1.6      3.1      31.4     96.4     115.4   427.3   461.6   396.1   132.1   25.9     48.5     14.5     1,753.9     

2015 41.1     9.4      28.3     132.3   10.5     236.1   256.1   285.9   138.6   53.6     149.2   75.7     1,416.8     

2016 85.0     29.7     10.2     133.7   153.3   -      220.3   485.9   124.5   29.9     32.3     98.0     1,402.8     

2017 53.7     1.9      46.6     80.7     205.4   229.1   478.4   360.3   155.7   224.4   2.2      33.4     1,871.8     

Mean 24.4     17.6     41.5     116.0   208.1   193.2   292.1   305.8   189.8   92.9     47.0     22.6     1,551.0     

Minimum 1.3      1.9      1.5      63.7     10.5     -      124.3   151.9   118.3   1.1      0.6      -      1,258.3     

Maximum 85.0     70.3     163.3   304.6   406.7   427.3   478.4   485.9   341.6   315.1   155.4   98.0     1,871.8     
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2. The annual spread of rainfall can be seen by the data on the number of rainy days per 
month, given for the same two weather stations. Although it is rare for there to be no rain in a 
month, periods can be seen where there is very little: for example, there was a total of 11.8 mm 
of rain in four days in the period of November 2000 to February 2001, presumably giving a 
significant drought. By contrast, it is rare for there to be rain on less than half the days in July and 
August. 
 

No. of Days with Rain by Month at Sam Nua (top) and Vieng Say (bottom), Houaphan 
Province 
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Vieng Say Average Monthly Rainfall, 2000 to 2017 (mm)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

2000 10     3       13      22      16       19       18       15      10       1       127

2001 3       9       5        23      15       13       12       9        10       1       100

2002 1       4       10      16      16       18       18       11      9         11     6       120

2003 3       3       6       7        15      12       20       20       16      3         1       106

2004 2       4       9       19      23      14       23       20       10      1         9       2       136

2005 3       1       8       12      12      16       25       25       16      3         7       6       134

2006 4       6       7       12      14      14       14       25       10      9         1       1       117

2007 3       4       7       14      17      18       18       20       16      12       4       3       136

2008 3       3       13      11      14      21       22       14       16      17       7       5       146

2009 5       2       5       10      15      11       20       16       1        9         2       3       99

2010 5       2       6       13      8        7         12       24       14      12       1       7       111

2011 4       2       9       6        13      14       23       19       23      13       4       4       134

2012 5       1       4       13      20      15       22       21       15      12       5       4       137

2013 4       -    5       15      15      14       21       21       15      10       8       4       132

2014 2       19     4       12      14      17       21       20       17      9         7       2       144

2015 2       1       8       10      7        16       17       21       11      6         10     8       117

2016 6       5       4       11      11      12       12       18       14      7         7       4       111

2017 8       1       9       9        15      15       20       13       13      11       2       4       120

Average 3.7    4.0    6.7     11.2   15.2   14.6    18.9    19.2    13.4   9.1      4.9    4.2    123.7    

Minimum 1 0 3 5 7 7 12 12 1 1 1 1 99

Maximum 8 19 13 19 23 21 25 25 23 17 11 8 146
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3. Rainfall intensity data are scarce, but the maximum 24-hour rainfall totals are available for 
both stations in Houaphan. In general, these show the same pattern of greater amounts during 
the summer monsoon, although there appears to have been a particularly heavy localised storm 
at Sam Nua in May 2013. The prominent outlier in October is related to a tropical storm. The 
general pattern is that up to half a month’s rain can fall in a single 24-hour period. 
  

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

2000 11       10       4         20       24       21       20       24       15       17       3         5         174

2001 5         5         16       9         23       17       23       18       16       10       5         5         152

2002 8         4         7         14       24       22       17       21       12       10       12       9         160

2003 10       5         6         9         17       12       24       22       17       5         1         3         131

2004 5         5         9         18       21       17       20       20       10       1         11       2         139

2005 3         4         13       9         15       16       27       26       18       7         8         9         155

2006 6         7         12       12       18       16       22       27       10       8         2         14       154

2007 3         4         7         17       18       21       19       18       20       11       4         3         145

2008 5         16       14       13       17       23       24       15       15       17       10       7         176

2009 12       4         5         11       20       13       21       18       13       10       3         4         134

2010 6         3         7         18       15       12       15       25       19       14       3         10       147

2011 13       8         20       15       17       19       21       20       22       16       7         7         185

2012 17       9         6         13       19       18       19       24       15       11       12       9         172

2013 13       7         7         20       20       18       26       21       19       11       9         5         176

2014 2         5         6         13       15       19       22       24       17       24       8         12       167

2015 6         10       9         13       4         20       17       20       15       8         12       14       148

2016 7         10       5         13       12       -      16       21       10       7         9         6         116

2017 7         3         12       11       16       16       23       13       17       13       2         11       144

Mean 7.7      6.6      9.2      13.8     17.5     16.7     20.9     20.9     15.6     11.1     6.7      7.5      154.2        

Minimum 2 3 4 9 4 0 15 13 10 1 1 2 116

Maximum 17 16 20 20 24 23 27 27 22 24 12 14 185
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Maximum Daily Rainfall (mm) at Sam Nua (top) and Vieng Say (bottom), Houaphan 

Province 

 

 

 

  

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2000 -      14.4     16.0     17.5     45.3     30.8     30.9     36.0     26.2     16.5     0.5      -      

2001 7.5      -      25.7     26.4     23.6     20.8     82.5     42.0     55.5     70.0     14.8     -      

2002 24.5     -      37.0     50.5     91.5     37.1     67.6     51.5     45.1     23.8     31.5     33.9     

2003 5.8      19.2     23.2     26.6     42.0     76.6     49.7     47.7     47.8     29.2     0.2      -      

2004 1.6      9.3      37.9     40.2     76.9     47.9     40.9     110.4   78.9     0.5      15.4     1.7      

2005 1.2      2.0      10.0     22.8     19.8     39.3     120.9   40.3     69.0     1.9      27.7     6.6      

2006 0.6      1.6      12.8     27.5     37.5     46.9     50.7     65.9     27.8     18.9     -      -      

2007 0.8      25.8     25.4     23.4     38.6     54.7     42.4     54.9     81.3     187.6   5.0      2.0      

2008 12.9     18.6     22.6     52.0     58.1     53.3     24.2     68.6     74.8     128.6   11.9     8.4      

2009 1.7      3.9      7.6      31.0     38.5     51.8     39.6     64.7     86.1     27.8     0.3      0.4      

2010 38.6     7.6      15.5     16.7     55.9     33.2     34.4     54.7     18.2     41.7     0.4      1.2      

2011 3.0      2.3      51.8     27.3     44.5     71.8     53.8     37.8     89.9     13.4     2.9      2.2      

2012 4.3      0.5      3.5      32.4     46.2     70.4     58.3     78.2     80.5     43.5     66.0     2.0      

2013 14.9     -      17.6     22.1     50.2     38.0     61.6     57.0     15.7     11.8     4.1      21.7     

2014 0.9      0.4      16.0     28.6     47.4     70.9     72.3     78.2     42.3     15.9     33.2     1.4      

2015 22.1     1.1      31.6     16.5     10.6     58.0     77.0     60.2     68.4     34.7     42.4     21.6     

2016 39.1     2.6      5.9      64.2     32.3     30.9     141.5   22.4     44.4     21.9     13.5     5.2      

2017 24.3     0.3      7.5      33.1     31.2     131.3   63.5     28.3     80.0     95.6     1.5      39.5     

Maximum 39.1     25.8     51.8     64.2     91.5     131.3   141.5   110.4   89.9     187.6   66.0     39.5     

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2000 1.3      18.0     1.0      24.3     85.5     31.2     46.5     97.7     40.5     10.3     0.9      2.3      

2001 8.7      2.4      39.0     18.1     84.7     31.0     73.3     57.2     40.6     90.6     69.3     11.5     

2002 41.8     2.5      31.0     21.0     73.1     108.2   59.1     36.7     28.8     47.9     86.6     29.3     

2003 5.0      21.5     10.5     25.7     49.7     43.0     52.2     69.6     48.7     16.9     0.7      1.7      

2004 2.3      16.0     4.7      49.8     74.7     38.0     24.0     90.8     96.5     1.1      14.0     1.4      

2005 3.4      1.7      6.3      44.7     32.7     37.6     32.5     50.1     65.3     6.1      43.4     13.3     

2006 2.2      2.2      10.0     89.8     36.1     28.0     67.4     55.4     32.2     17.7     0.6      -      

2007 1.3      39.5     9.5      32.5     38.2     29.6     70.6     37.1     89.3     176.0   12.0     4.0      

2008 16.9     15.8     13.4     66.2     49.3     28.0     57.5     54.6     60.3     71.5     80.3     8.5      

2009 1.7      3.2      8.7      20.4     45.0     37.0     55.7     83.9     83.9     18.0     2.1      1.2      

2010 27.3     6.5      21.4     15.9     57.5     23.5     28.1     71.0     31.6     17.0     4.0      2.4      

2011 5.7      1.5      55.3     30.3     23.3     110.5   37.1     68.7     46.5     22.9     17.1     5.3      

2012 4.8      3.4      1.5      20.0     70.1     55.6     57.6     46.9     83.6     27.0     55.8     3.6      

2013 2.7      0.9      9.6      19.6     162.6   35.9     47.5     69.2     22.9     13.4     9.9      20.3     

2014 1.1      1.4      19.8     22.9     25.1     122.0   26.9     110.8   44.7     8.8      35.0     3.6      

2015 16.4     2.6      16.0     47.0     7.9      87.0     40.3     81.0     65.8     25.1     32.2     25.2     

2016 29.4     3.0      8.9      45.0     33.0     -      27.9     119.2   38.0     10.5     10.6     32.0     

2017 35.3     0.5      18.0     26.0     70.8     5.4      77.0     73.8     82.8     100.4   1.5      30.3     

Maximum 41.8     39.5     55.3     89.8     162.6   122.0   77.0     119.2   96.5     176.0   86.6     32.0     

 -

 20.0

 40.0

 60.0

 80.0

 100.0

 120.0

 140.0

 160.0

 180.0

 200.0

 Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec

Sam Nua Maximum 24-hour Rainfall, 2000 to 2017 (mm)

 -

 20.0

 40.0

 60.0

 80.0

 100.0

 120.0

 140.0

 160.0

 180.0

 200.0

 Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec

Vieng Say Maximum 24-hourly Rainfall, 2000 to 2017 (mm)



Appendix 1 59 

 

 

4. The most common time for tropical cyclones to develop in the Pacific and South China 
Sea is in the autumn. In terms of impacts on the Nam Pua catchment, the event that stands out 
the data tables is that of October 2007, when in one day 188 and 176 mm of rain was recorded 
at the two weather stations. This presumably came from Severe Tropical Storm Lekima, which hit 
Laos on 4 October 2007, and was a Category 1 Hurricane (i.e. Typhoon) at the time it made 
landfall in central Viet Nam but downgraded by the time it penetrated inland as far as Laos. 
Typhoon Mekkhala hit Laos from 30 September 2008, which could account for the high daily 
figure at Sam Nua in October 2008. 
 
5. Very intense rainfall is not only due to typhoons, however. In May 2013, a 24-hour rainfall 
total of 163 mm was recorded at Vieng Say, yet there were no severe tropical storms or typhoons 
anywhere in the western Pacific in that month. Either it is an aberration in the data, or it was a 
particularly intense thunderstorm. But the implication is that, if in 18 years of data there was one 
incidence of almost 200 mm in a 24-hour period, there is a strong possibility that such a figure 
could be exceeded over a similar or longer time period. This is also only for rainfall collection 
periods, and obscures possibly greater amounts of rain within 24 hours but split between two 
recording periods. Data are also not sufficient to ascertain cumulative heavy rainfall prolonged 
over a 48- or 72-hour period, and the effects of this on flood or landslide events. There are no 
parallel river level data to link with rainfall. 
 

Louangphabang Province 
 

6. The only weather station in the Province, at Louangphabang City, has recorded an 
average annual rainfall of 1,420 mm over 45 years. The range of annual totals recorded over this 
period has variations between about 1000 and 2200 mm. This is a significant variation – 30% 
below the mean and 55% above it – and so much variability over a this period suggests that a 
longer timeframe is likely to see even wider extremes. Monthly and annual rainfall figures are 
given on the next page. 
 

7. The pattern is for increasing rain as pre-monsoon warming gives rise to convective cells 
that produce thundery downpours through March, April and May. The monsoon arrives in June, 
with rainfall highest – typically around 250 to 300 mm per month – in July and August. The 
monsoon weakens and dissipates in September, with the last substantial rain clearing usually in 
the first half of October. This leads into the pronounced dry season from November to February.  
 

8. The annual spread of rainfall can be seen by the data on the number of rainy days per 
month, given on the next page but one. Although it is not rare for there to be no rain in a month, 
longer periods can also be seen where there is very little: for example, there was a total of 6.4 
mm of rain in four days in the period of November 1993 to February 1994, presumably giving a 
significant drought. By contrast, it is rare for there to be rain on less than half the days in July and 
August, and sometimes in August there are less than five days with no rain. 
 

9. Rainfall intensity data are scarce, but the maximum 24-hour rainfall totals are available: 
see data on the next page but two. Some of the source data supplied were faulty. In general, 
these show the same pattern of greater amounts during the summer monsoon, although high 
figures after the monsoon are the result of tropical storms. The general pattern is that up to half a 
month’s rain can fall in a single 24-hour period, except where a tropical storm can deliver a much 
higher proportion in an otherwise quite dry month. 
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10. The most common time for tropical cyclones is in the autumn. For Louangphabang, the 
high monthly rainfall in October 1981 is presumed to have been from Typhoon Lorna (see data 
tables). The exceptionally high daily rainfall figure of 166 mm in November 1990 is presumed to 
have been from Typhoon Mike, and that of 160 mm in June 2011 from Typhoon Haima. Although 
both of these had been downgraded before they had penetrated as far inland as Laos, they could 
still have contained very large amounts of moisture. 
 

11. Very intense rainfall is not only due to typhoons, however. Daily totals of around 140 mm 
are possible in the monsoon. This is also only for rainfall collection periods, and obscures possibly 
greater amounts of rain within 24 hours but split between two recording periods. Data are also 
not sufficient to ascertain cumulative heavy rainfall prolonged over a 48- or 72-hour period, and 
the effects of this on flood or landslide events. There are no parallel river level data to link with 
rainfall. 
 
  



Appendix 1 61 

 

Monthly Rainfall (mm) at Louangphabang 

 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

1971 4.1 9.3 5.2 -      149.0 212.1 482.7 312.6 47.3 12.9 -      5.9 1,241.1

1972 13.0 52.1 27.0 149.9 65.7 33.7 141.8 210.4 144.6 138.7 63.5 1.8 1,042.2

1973 -      1.9 61.9 69.0 106.0 51.6 324.2 407.7 346.3 66.2 2.8 -      1,437.6

1974 8.7 -      44.9 164.9 102.0 90.6 184.2 304.6 144.3 86.1 4.7 4.0 1,139.0

1975 54.9 17.0 37.6 19.4 190.8 52.9 302.7 273.2 196.7 93.1 14.9 9.1 1,262.3

1976 2.3 69.2 4.7 112.4 170.4 191.9 200.7 267.4 269.0 120.4 55.5 -      1,463.9

1977 26.0 -      17.6 99.1 140.6 57.0 359.7 219.1 158.1 235.5 94.0 57.2 1,463.9

1978 20.2 37.4 11.4 121.9 174.2 246.0 294.9 293.4 191.7 245.5 -      -      1,636.6

1979 43.8 50.2 -      109.3 271.5 237.4 183.5 319.0 49.5 97.4 -      -      1,361.6

1980 0.2 37.2 -      63.8 130.5 330.9 255.2 254.1 258.8 115.9 22.0 16.6 1,485.2

1981 -      -      11.8 208.4 277.5 210.9 282.6 279.2 174.8 355.1 31.3 -      1,831.6

1982 12.2 1.0 23.5 127.4 225.4 193.4 156.4 232.5 174.6 28.9 35.8 -      1,211.1

1983 50.2 34.4 44.5 28.2 169.0 199.1 223.8 359.2 56.9 95.7 44.3 24.5 1,329.8

1984 -      4.9 34.8 43.9 124.9 171.8 137.4 290.7 103.2 169.6 1.1 -      1,082.3

1985 4.9 31.7 17.7 132.3 128.8 116.1 141.8 292.6 103.7 22.4 101.5 -      1,093.5

1986 -      -      10.4 267.3 214.9 373.4 352.0 210.4 62.0 267.2 -      27.5 1,785.1

1987 2.2 29.0 -      145.5 57.4 122.5 180.2 193.5 130.9 28.1 98.9 -      988.2

1988 0.8 31.7 1.5 155.8 173.8 141.1 240.4 181.4 39.2 174.7 15.3 -      1,155.7

1989 13.7 -      69.1 -      156.3 154.2 287.4 288.9 160.8 130.5 -      -      1,260.9

1990 9.7 50.6 77.8 127.9 114.0 193.2 329.3 208.3 262.4 61.1 199.4 -      1,633.7

1991 9.9 -      47.5 32.6 169.8 103.0 179.7 267.2 206.4 21.8 19.4 6.3 1,063.6

1992 19.3 91.1 -      49.7 65.7 124.6 297.1 283.7 92.9 58.4 9.5 137.2 1,229.2

1993 -      -      76.8 80.7 146.1 212.5 263.5 189.5 100.6 118.6 -      1.0 1,189.3

1994 -      5.4 110.7 19.2 170.2 243.6 202.5 366.1 151.6 31.6 18.5 81.6 1,401.0

1995 7.5 4.8 8.7 49.0 201.5 239.4 331.4 541.5 118.8 167.0 71.3 7.0 1,747.9

1996 -      22.0 38.9 147.2 151.6 219.9 291.8 302.4 176.6 185.0 61.2 -      1,596.6

1997 1.5 0.4 56.9 105.7 144.3 147.7 311.6 258.5 128.4 40.1 2.4 -      1,197.5

1998 27.0 2.2 33.0 178.1 160.9 138.2 179.4 265.4 99.4 47.1 25.5 7.5 1,163.7

1999 9.0 -      44.1 60.3 203.5 281.1 73.9 285.0 197.5 97.9 54.9 24.5 1,331.7

2000 -      35.3 11.5 68.0 243.5 269.1 274.4 233.9 228.4 115.6 -      7.0 1,486.7

2001 8.1 -      155.9 53.0 191.9 156.8 393.1 395.7 246.2 192.3 2.0 -      1,795.0

2002 48.5 1.1 24.0 55.5 268.8 155.6 384.4 258.9 161.4 71.0 75.7 96.9 1,601.8

2003 14.6 19.5 76.6 140.0 68.2 315.4 195.5 313.6 222.6 35.0 -      -      1,401.0

2004 15.3 -      -      143.1 240.5 208.4 286.9 233.0 152.2 165.5 27.8 -      1,472.7

2005 -      10.0 82.2 55.8 134.9 307.0 296.8 269.6 200.9 23.1 31.3 23.4 1,435.0

2006 -      17.5 73.9 82.9 93.7 78.1 306.9 266.3 164.1 122.5 -      -      1,205.9

2007 1.0 12.2 30.4 118.7 125.0 138.2 146.9 242.7 256.0 117.2 37.0 -      1,225.3

2008 50.4 60.6 136.6 166.5 154.7 230.6 357.9 272.9 171.3 73.8 13.4 20.0 1,708.7

2009 0.0 0.7 23.6 112.1 127.0 218.2 373.2 169.8 147.2 78.6 9.0 -      1,259.4

2010 23.4 -      24.6 198.4 115.5 146.4 321.1 372.4 90.4 19.2 -      57.2 1,368.6

2011 6.7 -      121.6 127.0 272.3 520.2 291.1 532.5 269.1 83.8 9.2 -      2,233.5

2012 10.8 -      27.7 174.7 226.3 321.5 306.0 337.0 106.8 102.5 118.3 1.4 1,733.0

2013 28.0     1.5      67.5     93.8     141.1   244.6   288.9   394.1   332.9   124.4   28.0     56.9     1,801.7

2014 -      -      15.6     54.7     119.0   205.4   198.3   273.1   470.4   79.7     52.3     -      1,468.5

2015 60.7 72.4 27.4 136.6 87.4 129.1 238.6 428.1 158.2 90.1 28.4 110.1 1,567.1

2016 82.6 2.5 -      123.7 220.9 225.1 232.8 410.6 332.8 8.2 70.9 -      1,710.1

Average 15.0 17.8 39.5 103.8 160.6 194.8 262.7 294.8 175.2 104.7 33.7 17.1 1,419.6

Minimum 0.0 0.0 0.0 0.0 57.4 33.7 73.9 169.8 39.2 8.2 0.0 0.0 988.2

Maximum 82.6 91.1 155.9 267.3 277.5 520.2 482.7 541.5 470.4 355.1 199.4 137.2 2,233.5
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Number of Days with Rain by Month at Louangphabang 

 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

1971 3 2 2 0 16 18 25 26 11 7 0 1 111

1972 2 2 3 21 8 11 17 23 14 5 6 2 114

1973 0 1 6 4 15 17 24 21 19 6 1 0 114

1974 3 0 10 15 11 15 18 23 17 9 2 1 124

1975 12 1 4 9 16 17 19 24 13 8 4 4 131

1976 1 2 3 10 14 20 16 22 16 9 5 0 118

1977 3 0 3 10 17 7 24 17 19 15 3 3 121

1978 5 6 2 10 19 19 21 26 16 9 0 0 133

1979 2 5 0 7 16 19 10 23 10 4 0 0 96

1980 1 3 4 10 17 27 24 16 13 9 2 4 130

1981 0 0 3 12 18 23 25 24 11 13 7 0 136

1982 2 1 2 17 14 11 19 22 21 7 6 0 122

1983 7 5 6 7 13 15 14 23 14 18 8 2 132

1984 0 3 1 7 17 16 18 23 13 11 1 0 110

1985 1 3 3 12 12 17 22 24 12 6 9 0 121

1986 0 0 2 17 16 18 16 18 9 8 5 5 114

1987 1 4 5 7 6 17 20 18 10 3 6 0 97

1988 1 2 1 9 13 16 19 20 9 8 4 0 102

1989 3 0 6 7 16 14 18 15 14 12 3 0 108

1990 2 4 6 10 19 17 21 15 21 7 5 0 127

1991 1 0 5 6 17 20 21 23 20 6 2 3 124

1992 5 3 0 6 9 10 20 18 15 16 1 2 105

1993 0 0 5 8 19 13 15 20 13 7 0 1 101

1994 0 3 9 4 15 19 21 27 17 5 3 6 129

1995 6 2 1 1 5 15 18 23 26 10 11 3 121

1996 0 5 5 9 15 19 21 17 12 7 5 0 115

1997 1 1 8 9 10 11 22 20 12 8 2 0 104

1998 1 1 3 14 15 16 19 15 8 7 5 1 105

1999 1 0 3 8 18 14 13 21 16 8 6 3 111

2000 0 5 1 6 21 19 21 14 11 8 0 1 107

2001 3 0 11 5 16 14 23 21 12 13 1 0 119

2002 3 1 3 8 19 14 25 20 13 10 7 4 127

2003 2 2 8 7 6 19 12 19 14 2 0 0 91

2004 3 0 0 14 16 13 18 22 16 5 5 0 112

2005 0 1 7 8 13 19 19 23 13 6 2 6 117

2006 0 3 6 11 12 16 22 25 10 7 0 0 112

2007 1 3 3 10 15 12 14 20 16 9 4 0 107

2008 3 5 6 14 11 17 26 21 18 11 4 2 138

2009 0 1 3 11 13 16 20 12 16 7 1 0 100

2010 6 0 6 12 11 13 22 26 12 6 0 4 118

2011 2 0 8 10 19 18 21 21 19 1 2 0 121

2012 2 0 2 12 18 11 21 20 14 5 10 1 116

2013 2 1 2 7 15 16 27 20 18 6 6 2 122

2014 0 0 4 6 8 13 18 20 21 4 5 0 99

2015 4 3 5 9 13 11 20 20 14 9 4 7 119

2016 6 1 1 6 18 17 20 20 18 5 5 0 117

Average 2.2 1.8 4.1 9.2 14.3 15.8 19.8 20.7 14.7 7.9 3.7 1.5 115.6
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Maximum Daily Rainfall (mm) at Louangphabang. 
Cells Shaded in Grey Contain Faulty Data. 

 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Maximum

1971 1.8 1.3 4.7 0.0 37.0 47.9 94.4 52.2 13.2 5.1 0.0 0.0 94.4

1972 9.0 50.4 12.5 28.3 42.0 9.0 38.0 39.8 38.9 138.7 31.0 1.1 138.7

1973 1.9 24.0 32.6 32.0 10.4 54.9 124.4 95.6 5.5 2.8 0.0 124.4

1974 6.6 0.0 23.3 30.5 43.3 36.8 34.9 60.0 37.0 59.0 4.4 4.0 60.0

1975 20.0 17.0 18.0 4.7 73.5 10.5 60.1 64.0 47.0 34.9 11.1 4.9 73.5

1976 2.3 56.8 2.6 48.4 33.8 28.4 38.3 39.7 57.8 54.6 26.3 0.0 57.8

1977 44.4 0.0 3.6 28.9 35.0 9.7 108.8 54.2 32.2 100.0 56.0 25.7 108.8

1978 10.0 8.8 8.6 36.8 32.2 109.2 100.0 34.1 96.2 68.4 0.0 0.0 109.2

1979 0.0

1980 0.0

1981 0.0

1982 0.0 1.0 18.9 24.3 37.4 48.5 26.0 32.1 38.1 16.3 2.6 0.0 48.5

1983 10.2 4.0 13.6 13.1 23.0 10.7 30.6 38.8 3.9 14.3 18.1 22.8 38.8

1984 0.0 3.8 34.8 7.5 15.2 43.4 16.6 50.7 4.9 32.6 0.0 0.0 50.7

1985 0.0 12.9 17.0 8.0 27.1 11.0 9.3 32.9 30.6 5.0 23.3 0.0 32.9

1986 0.0 0.0 0.0 26.7 17.9 33.9 50.0 43.7 6.7 93.0 17.0 0.6 93.0

1987 2.2 15.7 19.5 46.6 1.3 18.9 43.8 66.2 37.5 28.1 50.3 0.0 66.2

1988 0.8 0.5 1.5 38.3 35.3 19.7 48.6 38.9 16.0 123.8 11.2 0.0 123.8

1989 1.9 0.0 29.1 50.1 59.6 69.1 58.8 96.0 46.7 54.6 14.9 0.0 96.0

1990 7.6 36.4 24.6 50.5 29.6 47.1 59.7 71.0 60.2 17.9 166.0 0.0 166.0

1991 9.9 0.0 18.1 12.2 50.0 14.6 42.2 81.6 37.4 13.5 11.2 4.5 81.6

1992 6.4 57.5 0.0 20.0 15.4 43.0 47.1 97.3 31.2 14.0 19.5 55.0 97.3

1993 0.0 0.0 23.4 35.5 26.5 73.8 46.1 44.1 21.3 50.3 0.0 1.0 73.8

1994 0.0 2.0 30.0 14.0 34.6 59.7 36.5 67.9 27.7 17.0 15.0 39.0 67.9

1995 0.7 0.0 8.7 12.5 57.0 39.0 64.1 96.7 31.6 85.5 42.0 7.0 96.7

1996 0.0 9.4 28.5 47.0 38.0 37.5 48.0 72.0 51.0 96.0 28.0 0.0 96.0

1997 1.5 0.4 17.2 31.0 49.0 50.0 58.9 41.1 33.0 10.6 0.0 0.0 58.9

1998 27.0 1.5 18.0 47.0 39.0 37.0 36.5 75.0 32.0 20.0 20.0 7.5 75.0

1999 9.0 0.0 32.4 17.0 90.0 54.0 18.0 40.0 54.0 35.0 20.5 36.0 90.0

2000 0.0 10.0 11.5 39.5 33.2 85.0 55.5 40.3 47.0 35.0 0.0 7.0 85.0

2001 4.6 0.0 75.0 17.1 28.5 39.0 83.1 79.5 77.5 78.3 2.0 0.0 83.1

2002 40.5 1.1 12.0 28.0 75.0 60.0 96.5 65.6 52.0 17.0 39.0 62.9 96.5

2003 9.1 14.0 43.5 61.0 43.0 73.0 58.5 43.6 52.5 25.5 0.0 0.0 73.0

2004 7.7 0.0 0.0 30.0 47.5 51.5 48.0 55.5 43.0 70.0 8.5 0.0 70.0

2005 0.0 10.0 30.0 31.1 24.0 120.0 81.6 38.5 54.0 5.5 31.0 11.0 120.0

2006 0.0 8.0 50.0 21.3 21.0 20.0 111.0 32.6 68.0 89.0 0.0 0.0 111.0

2007 0.0 0.0 3.4 25.5 29.0 60.0 29.5 63.5 54.3 70.8 28.0 0.0 70.8

2008 25.0 42.5 83.5 42.0 69.0 92.2 57.5 37.7 33.3 25.9 6.7 0.0 92.2

2009 0.0 0.7 13.8 60.7 45.5 58.5 107.3 42.0 28.0 27.4 9.0 0.0 107.3

2010 9.5 0.0 7.6 60.0 0.4 32.9 77.5 43.4 29.0 6.0 0.0 0.0 77.5

2011 5.0 0.0 39.3 24.8 58.5 160.7 72.0 107.5 37.0 83.6 4.5 0.0 160.7

2012 6.0 0.0 26.5 39.0 37.4 145.4 87.1 81.8 44.2 70.5 33.1 1.4 145.4

2013 24.0 1.5 34.5 38.3 22.2 86.0 51.7 141.2 87.1 65.2 9.0 55.9 141.2

2014 0.0 0.0 13.0 16.0 34.0 73.0 41.5 60.4 129.0 53.5 20.0 0.0 129.0

2015 42.2 50.5 13.5 33.5 31.0 36.4 30.1 100.4 53.5 28.0 10.7 75.9 100.4

2016 42.0 2.5 4.0 65.0 37.0 28.0 40.2 78.6 95.3 2.5 36.5 2.6 95.3

Maximum 44.4 57.5 83.5 65.0 90.0 160.7 111.0 141.2 129.0 138.7 166.0 75.9 166.0
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Xaignabouli Province 
 

12. Xaignabouli is in a moderate rainfall belt. The one weather station in the Province, at 
Xaignabouli City, shows an average annual rainfall of 2,340 mm over a data period of 47 years. 
The range of annual totals recorded over the same period shows variations between 2,900 and 
3,800 mm. This is a reasonable variation – 19% either side of the mean – but not as variable as 
found in some provinces in northern Lao PDR. Monthly and annual rainfall figures are given on 
the next page. 
 

13. The pattern is for increasing rain as pre-monsoon warming gives rise to convective cells 
that produce thundery downpours through March, April and May. The monsoon arrives in June, 
with a slight dip in that month as it gets established. The rainfall is highest – typically 200 to 250 
mm per month – from July to September. The monsoon weakens and dissipates through October, 
with the last substantial rain clearing usually in that month. This leads into the pronounced dry 
season from November to February. However, this pattern can be altered in any year by the 
passage of tropical cyclones, usually affecting Laos from the South China Sea. 
 

14. The annual spread of rainfall can be seen by the data on the number of rainy days per 
month, given for the same weather station on the next page but one. Although it is rare for there 
to be no rain in a month, periods can be seen where there is very little: for example, there was no 
rain at all in the 90-day period from 1 December 2004 to 28 February 2005, presumably giving a 
significant drought. By contrast, it is rare for there to be rain on less than half the days in July, 
August and September, and not rare for there to be only five dry days in some months. 
 

15. Rainfall intensity data are scarce, but the maximum 24-hour rainfall totals are available: 
see data on the next page but two. In general, these show the same pattern of greater amounts 
during the summer monsoon. The usual feature is that up to half a month’s rain can fall in a single 
24-hour period. Although the monsoon is the time with the most rain, it seems that the really heavy 
downpours in Xaignabouli are the result of tropical storms penetrating right across Viet Nam and 
Lao PDR, still holding significant amounts of moisture. The three highest daily rainfall amounts of 
191 mm in June 2011, of 182 mm in August 2016 and of 155 mm in October 1988, can all be 
attributed to tropical storms, since storms were present over or close to northern Laos at those 
times. The high daily total of 80 mm in December 2015 does not appear to be related to a tropical 
cyclone, and could be the result of a particularly intense thunderstorm; if so, it was very 
exceptional for the driest time of year. 
 

16. In terms of impacts on catchments in Xaignabouli, the biggest events that stand out from 
the data tables were in the months of June and August, which are usually monsoon months. It is 
possible that the meeting of two humid air masses from different directions, plus this being the 
warmest time of year, might mean that they were exceptionally heavy. But they have both 
happened, and they happened within the last decade. The subproject designs need to be able to 
accommodate exceptional flows of at least these amounts. 
 

17. The implication is that, if in the last ten years of a data set of 47 years there have been 
two incidences of almost 200 mm in a 24-hour period, there is a strong possibility that such a 
figure could be exceeded over a similar or longer time period. This is also only for rainfall collection 
periods, and obscures possibly greater amounts of rain within 24 hours but split between two 
recording periods. Data are also not sufficient to ascertain cumulative heavy rainfall prolonged 
over a 48- or 72-hour period, and the effects of this on flood or landslide events. There are no 
parallel river level data to link with rainfall. 
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Monthly Rainfall (mm) at Xaignabouli City 

 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

1971 11.0 24.8 68.0 95.5 164.5 206.4 302.8 257.2 195.6 65.3 4.2 18.2 3,384.5

1972 2.8 27.4 15.3 72.0 125.4 88.9 172.5 240.4 167.5 41.3 20.3 4.8 2,950.6

1973 0.0 3.0 88.6 68.5 85.9 122.1 232.8 334.3 234.2 36.1 0.0 0.0 3,178.5

1974 0.0 0.0 75.2 236.3 94.5 185.0 99.0 225.3 182.1 48.5 18.6 0.0 3,138.5

1975 51.9 0.0 31.4 80.9 136.8 250.5 198.6 193.8 228.3 149.8 0.0 0.0 3,297.0

1976 0.0 43.0 41.8 125.0 132.7 258.4 137.2 206.1 0.0 0.0 0.0 0.0 2,920.2

1977 82.2 0.0 105.6 160.5 162.5 131.1 266.3 349.2 280.1 168.0 72.2 43.8 3,798.5

1978 24.1 48.4 29.0 174.7 231.6 153.2 233.8 194.2 235.2 91.8 11.0 9.6 3,414.6

1979 18.4 11.6 0.0 17.0 180.6 248.1 82.4 282.7 78.1 50.1 0.2 0.0 2,948.2

1980 0.0 20.8 32.0 173.2 199.3 426.5 246.1 159.7 478.8 68.4 8.1 10.6 3,803.5

1981 0.0 0.0 24.3 206.4 205.9 81.7 346.3 99.6 87.6 109.8 29.6 3.0 3,175.2

1982 5.2 0.0 22.9 189.0 121.3 153.7 214.3 138.6 305.8 39.8 0.0 0.0 3,172.6

1983 22.4 12.5 20.2 26.8 232.6 145.8 202.8 361.5 51.2 127.6 19.3 10.0 3,215.7

1984 0.0 32.3 0.0 164.3 155.6 146.2 271.5 383.3 200.8 151.5 0.0 0.0 3,489.5

1985 5.7 2.0 44.3 144.8 91.0 117.0 272.3 294.0 194.3 44.8 45.9 0.0 3,241.1

1986 0.0 7.3 0.0 230.9 217.9 133.4 124.6 475.8 143.7 201.5 47.6 21.7 3,590.4

1987 0.0 42.6 22.6 31.5 72.0 258.8 157.2 338.6 168.5 48.5 83.2 0.0 3,210.5

1988 0.0 13.2 7.6 115.5 215.7 197.5 133.8 203.1 52.0 227.2 8.6 0.0 3,162.2

1989 4.3 0.0 70.7 109.3 277.3 114.8 206.9 226.2 176.4 113.7 8.7 6.1 3,303.4

1990 25.0 29.4 52.5 108.9 216.1 118.1 173.2 116.8 264.6 123.0 30.8 0.0 3,248.4

1991 12.1 0.0 39.4 55.6 219.3 91.7 132.4 190.9 224.7 78.3 8.4 1.1 3,044.9

1992 41.1 71.9 0.0 81.6 75.4 125.2 257.3 167.1 168.6 99.1 35.1 87.9 3,202.3

1993 0.0 0.2 96.3 54.3 160.6 121.9 287.4 106.0 262.9 103.9 0.0 0.3 3,186.8

1994 0.0 20.8 169.5 50.3 226.2 160.7 174.3 256.2 320.5 11.8 19.3 45.4 3,449.0

1995 0.4 0.0 32.2 81.3 109.0 65.0 371.6 442.3 165.2 122.8 109.8 0.3 3,494.9

1996 0.0 13.2 53.5 124.1 48.4 208.4 211.6 255.6 252.0 67.7 58.4 0.0 3,288.9

1997 0.0 0.0 92.5 97.5 100.1 44.1 231.1 153.6 222.3 77.8 22.7 0.0 3,038.7

1998 3.3 3.9 10.9 158.6 151.9 164.7 165.1 136.6 117.2 56.7 4.7 0.0 2,971.6

1999 2.4 0.0 2.6 123.9 313.5 241.3 127.1 232.0 235.4 121.0 29.2 11.4 3,438.8

2000 0.0 26.1 7.2 129.5 223.1 177.1 172.9 60.1 310.0 89.7 5.5 0.0 3,201.2

2001 1.5 0.0 156.4 74.1 181.2 132.2 236.1 351.0 330.5 134.3 13.5 0.0 3,611.8

2002 10.9 2.4 6.7 32.3 237.3 54.7 172.9 224.0 293.9 171.8 117.4 35.6 3,361.9

2003 14.4 55.6 53.7 51.0 151.8 164.7 246.8 127.4 211.8 11.0 0.0 1.0 3,092.2

2004 11.0 9.2 31.3 164.9 156.6 110.9 179.8 201.1 359.1 0.0 40.1 0.0 3,268.0

2005 0.0 0.0 24.3 75.8 86.9 169.8 167.9 327.8 557.3 137.3 46.2 14.2 3,612.5

2006 0.0 7.9 58.1 166.6 173.4 99.7 193.2 284.4 138.0 97.6 0.0 0.0 3,224.9

2007 0.9 2.0 20.4 119.5 222.8 150.4 79.0 170.5 204.2 265.7 18.3 2.0 3,262.7

2008 11.6 16.9 43.8 204.3 224.1 153.4 239.5 302.9 199.9 93.9 22.1 31.0 3,551.4

2009 0.0 0.0 19.4 151.0 193.2 205.9 189.0 247.7 329.9 45.1 14.7 0.7 3,405.6

2010 34.4 2.4 34.7 133.0 193.6 93.9 390.7 388.1 253.5 111.6 0.0 55.8 3,701.7

2011 3.0 8.8 139.5 86.2 190.0 394.8 212.8 286.8 313.1 45.2 1.0 18.6 3,710.8

2012 1.9 2.7 21.9 230.6 198.3 182.1 240.6 439.5 116.6 30.4 143.5 1.8 3,621.9

2013 48.5 0.0 40.2 94.4 159.8 159.0 250.2 307.8 273.1 82.1 38.7 33.7 3,500.5

2014 0.7 1.0 10.5 120.5 211.6 198.6 234.9 343.6 322.0 88.1 45.1 2.7 3,593.3

2015 70.0 5.4 86.0 86.1 99.6 161.3 203.3 250.5 363.3 52.1 23.9 88.9 3,505.4

2016 77.7 1.1 24.0 53.6 290.9 113.5 291.3 427.7 313.6 152.3 45.6 1.4 3,808.7

2017 40.9 0.0 30.6 205.2 200.3 58.4 348.3 131.9 122.6 135.9 5.6 67.3 3,364.0

Mean 13.6 12.1 43.8 117.8 172.7 160.4 214.5 253.1 227.8 93.4 27.2 13.4 3,343.8

Minimum 0.0 0.0 0.0 17.0 48.4 44.1 79.0 60.1 0.0 0.0 0.0 0.0 2,920.2

Maximum 82.2 71.9 169.5 236.3 313.5 426.5 390.7 475.8 557.3 265.7 143.5 88.9 3,808.7
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Number of Days with Rain by Month at Xaignabouli City 

 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

1971 2 1 4 12 14 16 24 26 13 5 1 3 121

1972 1 2 1 11 11 12 14 20 18 7 8 3 108

1973 0 1 7 7 15 10 23 21 18 3 0 0 105

1974 0 0 12 13 12 11 18 17 19 11 5 0 118

1975 9 0 4 5 15 16 16 19 15 12 0 0 111

1976 0 2 5 9 14 15 18 21 0 0 0 0 84

1977 4 0 5 12 13 13 23 22 19 14 4 5 134

1978 4 6 2 13 23 16 20 21 21 9 4 1 140

1979 2 2 0 7 18 22 11 23 16 5 1 0 107

1980 0 3 4 12 16 23 18 18 24 11 1 1 131

1981 0 0 3 10 19 16 19 17 10 14 6 1 115

1982 3 0 4 17 13 14 16 25 24 8 0 0 124

1983 6 4 3 4 18 13 19 24 12 11 6 1 121

1984 0 3 0 11 15 18 19 22 13 14 0 0 115

1985 1 1 5 13 12 12 20 20 18 7 6 0 115

1986 0 1 0 16 16 15 14 21 11 12 3 4 113

1987 0 4 5 5 13 17 18 14 15 8 6 0 105

1988 0 2 1 9 13 14 15 21 9 11 4 0 99

1989 3 0 8 9 16 17 17 14 15 15 2 2 118

1990 2 4 10 8 19 13 18 12 15 12 5 0 118

1991 2 0 8 10 13 19 18 23 22 8 2 1 126

1992 5 3 0 4 8 12 21 19 16 13 2 2 105

1993 0 1 9 9 17 11 17 15 16 9 0 1 105

1994 0 2 8 8 18 19 15 22 16 5 3 6 122

1995 6 1 0 2 6 14 11 23 26 12 10 5 116

1996 0 3 2 10 8 15 15 18 18 7 6 0 102

1997 0 0 7 13 14 8 24 24 17 10 1 0 118

1998 2 1 5 11 15 16 21 20 11 6 3 0 111

1999 2 0 1 11 18 19 14 18 21 13 4 4 125

2000 0 6 1 14 18 17 19 14 18 10 1 0 118

2001 1 0 12 3 21 15 18 25 17 11 1 0 124

2002 2 1 2 8 19 11 15 20 19 9 8 2 116

2003 1 4 6 5 14 15 14 14 19 5 0 1 98

2004 1 3 2 16 18 12 16 21 16 0 4 0 109

2005 0 0 5 9 14 18 18 21 21 11 5 2 124

2006 0 2 6 12 13 14 20 25 16 10 0 0 118

2007 1 2 3 9 19 13 12 22 16 14 4 1 116

2008 2 2 8 15 16 20 25 22 19 12 5 2 148

2009 0 0 2 13 14 19 20 17 18 8 3 1 115

2010 6 1 6 9 19 15 25 28 21 12 0 5 147

2011 1 3 9 11 18 18 23 24 25 7 1 3 143

2012 2 2 5 14 20 19 23 27 15 5 11 2 145

2013 2 0 6 8 16 19 22 22 20 7 5 1 128

2014 1 1 2 15 8 19 19 23 20 9 6 1 124

2015 3 1 8 13 14 13 22 22 17 7 5 6 131

2016 7 1 1 6 18 19 24 22 21 11 6 2 138

2017 9 0 6 9 15 12 21 19 18 16 2 6 133

Average 2.0 1.6 4.5 10.0 15.2 15.4 18.6 20.6 17.1 9.3 3.4 1.6 119.3
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Maximum Daily Rainfall (mm) at Xaignabouli City, 1971 to 2017 

 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1971 6.4      24.8     32.8     40.0     44.4     63.2     61.4     49.7     89.2     32.8     4.2      12.0     

1972 2.8      21.0     15.3     13.0     35.0     33.0     55.8     102.0   58.6     10.6     6.0      4.0      

1973 -      3.0      36.8     31.0     18.6     45.2     36.2     62.2     38.2     22.0     -      -      

1974 -      -      22.2     55.1     29.3     93.0     17.1     41.4     60.7     12.0     8.7      -      

1975 33.2     -      13.9     37.3     22.5     69.4     39.1     46.2     73.1     45.2     -      -      

1976 -      39.0     17.0     40.0     42.8     52.7     24.1     53.6     -      -      -      -      

1977 37.0     -      54.4     47.9     47.2     43.2     52.4     66.2     64.8     49.0     27.4     20.2     

1978 14.2     14.0     26.6     43.2     45.0     38.2     36.4     40.6     66.6     45.6     4.2      9.6      

1979 10.0     5.8      -      8.0      57.4     71.0     27.0     33.4     35.0     38.6     0.2      -      

1980 -      11.4     24.2     44.6     39.6     102.0   90.0     21.3     75.0     17.4     8.1      10.6     

1981 -      -      11.9     70.0     49.8     24.1     80.6     20.3     19.9     27.0     12.2     3.0      

1982 3.2      -      13.0     41.0     40.0     47.4     54.7     31.2     57.2     9.6      -      -      

1983 11.6     9.6      10.1     11.8     39.6     73.8     50.5     50.0     10.9     46.0     8.2      10.0     

1984 -      21.0     -      70.0     36.6     59.5     82.3     88.0     55.5     46.4     -      -      

1985 5.7      2.0      18.0     58.2     22.2     32.2     39.9     92.4     48.5     13.9     29.3     -      

1986 -      7.3      -      46.2     43.9     20.4     54.2     121.8   35.5     93.9     45.0     13.7     

1987 -      18.8     6.1      12.5     25.1     73.5     56.6     95.7     31.6     17.4     42.1     -      

1988 -      13.0     7.6      42.1     63.1     52.1     29.2     47.8     17.4     155.5   3.8      -      

1989 2.4      -      19.8     28.8     57.6     19.3     55.0     48.8     42.6     25.0     6.6      4.9      

1990 23.5     19.0     10.5     26.2     39.7     20.1     27.0     39.3     103.2   30.6     10.5     -      

1991 11.2     -      11.2     23.1     45.3     18.0     38.3     26.2     51.5     24.0     4.8      1.1      

1992 17.7     47.4     -      39.1     32.5     29.0     32.1     41.7     35.3     21.1     34.8     70.9     

1993 -      0.2      28.9     22.2     36.4     44.5     92.2     30.2     105.5   32.6     -      0.3      

1994 -      15.0     59.3     16.0     47.0     30.0     35.6     40.3     56.7     5.5      10.3     17.0     

1995 17.0     0.4      -      29.7     33.0     24.2     24.5     44.0     50.0     26.2     33.9     66.5     

1996 -      5.8      35.0     46.4     19.6     57.0     57.0     63.0     108.8   32.0     25.1     -      

1997 -      -      67.2     21.2     29.3     19.9     31.0     27.9     127.2   15.5     22.7     -      

1998 2.8      3.9      3.0      40.4     36.5     42.9     48.5     21.0     34.7     22.0     3.0      -      

1999 2.2      -      2.6      35.8     52.8     96.4     48.0     45.0     49.3     43.0     14.9     4.9      

2000 -      9.1      7.2      35.8     52.5     42.7     48.0     15.2     46.5     21.1     5.5      -      

2001 1.5      -      33.5     30.7     23.0     47.0     49.8     37.7     64.8     49.0     13.5     -      

2002 9.0      2.4      5.3      7.7      60.8     14.5     73.7     48.5     74.2     58.0     41.0     29.5     

2003 14.4     24.2     23.4     24.4     55.0     40.6     111.0   21.1     80.7     5.6      -      1.0      

2004 11.0     4.3      26.3     32.0     25.4     21.6     42.0     37.4     74.8     -      19.4     -      

2005 -      -      8.8      32.2     17.0     56.0     45.6     122.1   86.8     29.6     20.0     10.0     

2006 -      6.7      34.8     58.4     44.8     35.1     30.6     32.6     21.3     30.3     -      -      

2007 0.9      1.6      13.8     49.6     60.2     57.8     34.2     38.1     39.3     72.2     9.8      2.0      

2008 9.6      16.4     20.2     42.8     43.0     22.6     47.2     79.7     48.6     27.4     9.6      29.0     

2009 -      -      12.0     48.2     43.7     27.2     46.6     74.5     145.5   21.8     14.2     0.7      

2010 1.3      2.4      9.2      47.3     51.4     22.3     68.9     66.6     93.7     32.2     -      31.0     

2011 3.0      7.1      38.5     41.1     46.0     191.1   44.0     55.0     45.1     18.7     1.0      18.2     

2012 1.2      2.0      15.0     36.3     47.0     48.0     36.5     80.1     35.0     14.2     42.4     0.9      

2013 40.4     -      14.7     39.7     32.6     28.5     59.8     59.0     72.1     28.4     30.1     33.7     

2014 0.7      1.0      7.8      35.1     94.2     57.3     56.9     137.3   55.7     33.4     20.2     2.7      

2015 34.6     5.4      44.8     21.4     29.7     63.0     56.8     84.1     67.8     30.0     6.8      80.3     

2016 48.5     1.1      24.0     34.3     53.6     36.0     72.3     182.5   62.5     80.6     31.8     1.0      

2017 18.7     -      17.0     39.8     34.2     16.1     67.8     20.8     33.9     31.7     4.7      41.2     

Maximum 48.5     47.4     67.2     70.0     94.2     191.1   111.0   182.5   145.5   155.5   45.0     80.3     



Appendix 1 73 

 

  



74 Appendix 1 

 

Xiangkhouang Province 
 

18. Xiangkhouang is in a moderate rainfall belt. The one weather station in the Province, at 
Thonghaihin, shows an average annual rainfall of 1,470 mm over a data period of 35 years. The 
range of annual totals recorded over the same period shows variations between 1,000 and 1,900 
mm. This is a considerable variation, being about 30% either side of the mean. Monthly and 
annual rainfall figures are given on the next page. 
 
19. The pattern is for increasing rain as pre-monsoon warming gives rise to convective cells 
that produce thundery downpours through March, April and May. The monsoon arrives in June, 
typically without an increase in that month as it gets established. The rainfall is highest – usually 
280 to 300 mm per month – in July and August. The monsoon weakens in September and 
dissipates through October, with the last substantial rain clearing usually in that month. This leads 
into the pronounced dry season from November to February. However, this pattern can be altered 
in any year by the passage of tropical cyclones, usually affecting Laos from the South China Sea: 
these are discussed below. 
 
20. The annual spread of rainfall can be seen by the data on the number of rainy days per 
month, given for the same weather station on the next page but one. These data cover only six 
years, and so cannot be relied on to give a very clear view of the situation, but nevertheless show 
the general pattern. Although it is rare for there to be no rain in a month, periods can be seen 
where there is very little: for example, with rain on only two days, there was only 22 mm in the 90-
day period from 1 January to 31 March 2014, presumably giving a significant drought. By contrast, 
it is rare for there to be rain on less than half the days from May to September inclusive, and quite 
common for there to be only five dry days in some months between June and August. 
 
21. Rainfall intensity data are scarce, but the maximum 24-hour rainfall totals are given for six 
years, also on the next page but one. In general, these show the same pattern of greater amounts 
during the summer monsoon. The usual feature is that up to half a month’s rain can fall in a single 
24-hour period. Although the monsoon is the time with the most rain, in most parts of Lao PDR it 
seems that the really heavy downpours are the result of tropical storms penetrating right across 
Viet Nam. However, the short data set from Thonghaihin does not show evidence of this. The 
pattern shown here is for daily rainfall of 60 to 80 mm to be possible in any month, presumably 
as a result of intense thunderstorms or monsoon downpours. The one value that stands out is the 
24-hour rainfall of 138 mm in June 2011, which could have occurred as a result of Typhoon Haima 
(see below). 
 
22. The tracks and effects of typhoons across south-east Asia have been well documented 
over recent decades. There is variability between years, and tropical cyclones can develop into 
typhoons in every month of the year, with many of these penetrating as far west and inland as 
Laos. Subproject designs need to be able to accommodate exceptional flows of at least the 
amounts likely to be derived from these weather systems. The implication is that, if in only six 
years of data there has been an incidence of almost 140 mm in a 24-hour period, there is a strong 
possibility that such a figure could be exceeded over a longer time period. This is also only for 
rainfall collection periods, and obscures possibly greater amounts of rain within 24 hours but split 
between two daily recording periods. Data are also not sufficient to ascertain cumulative heavy 
rainfall prolonged over a 48- or 72-hour period, and the effects of this on flood or landslide events. 
There are no parallel river level data to link with rainfall. 
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Monthly Rainfall (mm) at Thonghaihin, Xiangkhouang Province 

 

 

  

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

1982 5.6 1.1 162.4 158.3 145.9 200.6 105.3 384.8 300.0 26.2 21.9 0.0 1,512.1

1983 37.9 9.7 34.6 78.9 157.5 71.2 225.6 300.4 40.1 74.9 8.6 9.5 1,048.9

1984 0.0 96.7 81.5 136.3 129.0 145.3 210.1 461.3 199.3 85.7 36.8 0.0 1,582.0

1985 21.0 9.8 8.3 107.6 166.8 187.3 330.9 316.3 194.8 89.3 39.0 0.0 1,471.1

1986 0.0 2.5 7.8 144.4 426.6 241.2 328.3 170.8 123.3 15.2 3.3 24.5 1,487.9

1987 0.0 34.5 17.5 180.2 144.4 221.9 191.0 223.4 119.3 48.1 6.5 0.0 1,186.8

1988 0.0 128.0 2.0 181.0 291.4 187.1 155.3 314.6 125.7 102.7 1.1 0.0 1,488.9

1989 4.1 0.0 165.0 151.3 96.7 224.4 308.5 177.3 146.9 128.0 0.8 0.0 1,403.0

1990 0.0 30.0 63.0 92.6 179.3 233.6 387.5 245.8 141.2 45.3 7.4 0.1 1,425.8

1991 3.7 0.0 12.4 233.6 211.2 314.0 278.9 376.8 130.0 42.5 2.6 8.4 1,614.1

1992 42.0 36.1 0.0 83.5 45.9 174.7 222.6 199.2 129.4 29.3 0.0 54.4 1,017.1

1993 0.0 0.6 21.4 92.4 222.7 236.1 338.3 207.8 134.8 25.5 0.4 6.2 1,286.2

1994 0.0 25.3 143.4 135.0 177.9 216.5 269.2 268.2 131.4 139.0 46.1 11.0 1,563.0

1995 0.6 0.0 7.4 127.7 182.4 198.9 455.9 371.7 32.2 60.6 24.6 0.0 1,462.0

1996 0.0 14.8 45.9 199.6 221.6 226.7 264.6 437.1 138.6 52.2 58.2 0.0 1,659.3

1997 14.9 2.8 176.6 330.9 237.8 142.4 280.9 308.0 118.7 121.8 0.3 0.0 1,735.1

1998 0.3 6.4 53.7 154.2 118.2 176.8 194.1 230.7 145.4 25.8 6.1 3.1 1,114.8

1999 4.9 0.0 54.0 116.8 212.2 209.4 147.3 407.4 125.1 46.0 22.9 17.0 1,363.0

2000 0.0 46.8 7.2 206.5 312.8 198.5 337.2 204.9 137.5 96.4 2.1 0.0 1,549.9

2001 0.0 0.0 182.7 65.6 205.3 182.0 286.9 288.1 374.5 173.0 50.5 8.6 1,817.2

2002 45.6 4.6 25.2 167.3 323.6 222.5 418.2 263.3 101.8 18.9 130.0 64.4 1,785.4

2003 8.8 5.8 88.1 119.6 82.9 126.9 211.7 257.0 164.1 24.7 0.0 0.0 1,089.6

2004 17.9 18.9 15.7 183.4 184.9 79.2 272.2 380.8 195.0 0.0 23.9 0.0 1,371.9

2005 0.0 11.7 4.9 96.6 222.9 256.7 381.2 428.9 276.6 8.1 35.7 9.3 1,732.6

2006 0.0 17.1 97.3 134.4 236.1 132.0 302.5 281.8 100.9 108.8 0.0 0.2 1,411.1

2007 0.0 7.8 18.6 81.9 154.7 95.4 122.5 182.4 219.3 122.5 1.4 0.0 1,006.5

2008 22.3 23.8 81.7 264.8 159.7 278.4 372.9 455.4 135.8 34.4 54.5 12.9 1,896.6

2009 0.3 0.0 64.3 77.5 269.2 104.0 455.4 167.1 126.8 53.3 0.0 0.0 1,317.9

2010 75.2 0.0 3.6 89.0 192.6 219.9 319.5 301.2 135.0 24.0 2.2 0.0 1,362.2

2011 1.4 0.8 187.8 108.6 289.0 386.2 284.9 248.9 142.4 23.0 8.8 1.4 1,683.2

2012 6.6 5.7 14.8 183.0 166.6 154.4 290.1 376.0 165.3 78.8 108.0 8.8 1,558.1

2013 9.3 9.2 33.5 133.0 232.1 413.3 386.1 420.0 108.2 22.6 77.8 71.9 1,917.0

2014 0.0 0.0 29.6 282.1 128.4 111.0 345.2 281.0 346.0 64.0 34.7 2.6 1,624.6

2015 30.3 2.0 106.0 184.8 133.9 137.8 312.9 406.6 88.5 126.1 102.9 114.3 1,746.1

2016 107.3 0.6 33.8 70.7 106.6 95.0 154.1 291.5 214.9 80.2 79.5 11.2 1,245.4

2017 12.1 0.0 31.4 137.8 153.4 125.3 379.1 217.1 189.8 82.2 2.0 24.4 1,354.6

Mean 13.1 15.4 57.9 147.0 192.3 192.4 286.9 301.5 158.3 63.9 27.8 12.9 1,469.2

Minimum 0.0 0.0 0.0 65.6 45.9 71.2 105.3 167.1 32.2 0.0 0.0 0.0 1,006.5

Maximum 107.3 128.0 187.8 330.9 426.6 413.3 455.9 461.3 374.5 173.0 130.0 114.3 1,917.0
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Number of Days with Rain by Month, 2011 to 2017, at Thonghaihin 

 

 
 

Maximum Daily Rainfall (mm), 2011 to 2017, at Thonghaihin 

 

 
 
  

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

2011 2 2 10 17 23 27 20 22 22 5 2 1 153

2012 3 3 4 16 23 21 24 30 15 7 15 2 163

2013 2 1 5 10 19 21 25 26 15 9 7 2 142

2014 0 0 2 23 20 18 27 21 21 8 5 4 149

2015 4 1 5 14 20 17 24 27 21 11 11 8 163

2016 5 3 2 6 16 16 20 20 18 8 7 2 123

2017 4 0 7 10 16 18 24 21 22 122

Average 2.7 1.7 4.7 14.3 20.2 20.0 23.3 24.3 18.7 8.0 7.8 3.2 148.8

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2011 1.2 0.7 61.7 28.2 54.7 138.2 49.8 38.0 31.1 8.2 8.6 1.4

2012 4.7 5.3 8.2 52.7 55.3 39.1 49.9 40.0 69.4 52.0 46.0 7.0

2013 7.2 9.2 16.7 54.7 68.9 98.3 87.5 73.3 49.8 8.2 64.8 63

2014 0.0 0.0 21.7 43.4 25.8 37.2 70.6 40.4 85.7 28.6 19.5 1.0

2015 14.1 2.0 54.2 52.9 28.5 26.6 63.5 68.3 16.3 51.4 50.5 53.3

2016 56.2 0.3 31.7 32.8 37.0 24.5 46.3 75.8 74.0 23.1 22.9 8.4

2017 4.8 0 14.6 27.9 37.7 33.6 79.2 35.4 46.1

Maximum 56.2 9.2 61.7 54.7 68.9 138.2 87.5 75.8 85.7 52.0 64.8 63.0
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APPENDIX 2: INITIAL CLIMATE RISK ASSESSMENTS BY PROVINCE USING AWARE3 
 

Houaphan Province 
 

23. The Nam Pua subproject has been screened using the regional-level AWARETM climate 
risk assessment tool. The overall climate risk level determined is “high risk”. This is on the basis 
of identified high risks of floods, landslides, onshore category 1 storms and wild fires; and risks of 
changes in precipitation (either increase or decrease), changes in solar radiation and temperature 
increases. A radar chart presenting these risks is given below. Any project falling into the overall 
high risk rating requires further analysis, and this is provided in the subproject’s Climate Risk and 
Vulnerability Assessment. 
 
24. The radar chart provides only an overview of individual risks that are likely to be significant. 
Wild fires are not considered to be a local threat for the Nam Pua area, but the high exposure 
recorded in the AWARETM tool means that between 1997 and 2010 there have been on average 
more than 20 fires per year observed in the region. Floods and, in susceptible terrain, landslides, 
are related to extreme precipitation events. As described above, these are already a serious threat 
to infrastructure, and certainly require careful consideration. Category 1 typhoons storms certainly 
occur in the region, but it seems that by the time they penetrate to Houaphan, they have moderated 
into severe tropical storms or less by the time they reach this far inland. Nevertheless, these are 
certainly a high risk, and at present tend to be the causes of the most severe rainfall events. 
 
25. Drought risk is not considered by the AWARETM tool, although the decrease in precipitation 
is a possible risk. However, as this could be a potentially serious issue in relation to irrigation, it is 
considered in the subproject CRVA. 
 

 
Climate Risk Radar Depiction for the Nam Pua Catchment, Houaphan Province from the AWARETM 
Tool. The Red Outer Band Denotes High Risk Parameters. 

 

 

 
                                                
3 provided by ADB Environment Specialist Phnom Penh 
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Louangphabang Province 
 

26. The Nam Seng subproject in Louangphabang Province was screened using the regional-
level AWARETM climate risk assessment tool. The overall climate risk level determined is “medium 
risk”. In this case, out of 11 categories of relevance in the risk assessment, two are considered to 
be high risk: these are flood and landslides, both of which are directly caused by heavy rainfall. 
Medium-level risks were identified in temperature increase, solar radiation change, and changes 
in precipitation (either increase or decrease). A radar chart presenting these risks is given below. 
Any project falling into the overall high risk rating requires further analysis. Although this subproject 
does not fall into the overall high risk category in this screening, the analysis of rainfall in the 
province (see Appendix 2) that shows the occurrences of severe monsoon downpours and 
extremely heavy rainfall from depleting tropical storms from the Pacific. For this reason, the CRVA 
is still justifiable. 
 

27. Drought risk is not considered by the AWARETM tool, although the decrease in precipitation 
is a possible risk. However, as this could be a potentially serious issue in relation to irrigation, it is 
considered in this CRVA. 
 

   
Climate Risk Radar Depiction from the AWARETM Tool for the Nam Seng catchment, Louangphabang 
Province. The Red Outer Band Denotes High Risk Parameters. 
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Xaignabouli Province 
 

28. The Nam Moun subproject in Xaignabouli Province was screened using the regional-level 
AWARETM climate risk assessment tool. The overall climate risk level determined is “high risk”. 
This is on the basis of identified high risks of floods, landslides and wild fires; and risks of changes 
in precipitation (either increase or decrease), changes in solar radiation and temperature 
increases. A radar chart presenting these risks is given below. Any project falling into the overall 
high risk rating requires further analysis. 
 

29. The radar chart provides only an overview of individual risks that are likely to be significant. 
Wild fires are not considered to be a local threat for the Nam Moun area, but the high exposure 
recorded in the AWARETM tool means that between 1997 and 2010 there have been on average 
more than 20 fires per year observed in the region. Floods and, in susceptible terrain, landslides, 
are related to extreme precipitation events. As described above, these are already a serious threat 
to infrastructure, and certainly require careful consideration. 
 
30. Drought risk is not considered by the AWARETM tool, although the decrease in precipitation 
is a possible risk. However, as this could be a potentially serious issue in relation to irrigation, it is 
considered in this CRVA. 
 

   
Climate Risk Radar Depiction from the AWARETM Tool for the Nam Moun Catchment, Xaignabouli 
Province. The Red Outer Band Denotes High Risk Parameters. 
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Xiangkhouang Province 
 

31. The Nam Tong subproject was screened using the regional-level AWARETM climate risk 
assessment tool. The overall climate risk level determined is “medium risk”. This is on the basis 
of an identified high risk of floods; and moderate risks of changes in precipitation (either increase 
or decrease), changes in solar radiation and temperature increases. A radar chart presenting 
these risks is given below. A project falling into the overall medium risk rating does not necessarily 
require further analysis, but it is good practice to do so and hence this is provided for all 
participating provinces in this Climate Risk and Vulnerability Assessment. 
 
32. The radar chart provides only an overview of individual risks that are likely to be significant. 
Floods are clearly related to extreme precipitation events. As described above, these are already 
a serious threat to infrastructure, and certainly require careful consideration. 
 
33. Drought risk is not considered by the AWARETM tool, although the decrease in precipitation 
is a possible risk. However, as this could be a potentially serious issue in relation to irrigation, it is 
considered in this CRVA. 
 

   
Climate Risk Radar Depiction from the AWARETM Tool for the Nam Tong catchment in Xiangkhouang 
Province. The Red Outer Band Denotes High Risk Parameters. 

 


