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ABSTRACT

In thepast few decades, varionaturalhazards haveccurredn Laos. To lower the consequences

and lossesausedy hazardusevents, it ismportantto understandhe magnitude of each hazard

and the potential impact area. The main objective of this study was to propose a new approach to
integratinghazard maps tdetect hazamlsareas oranational scale, for which ardinited data
areavailable. The integrated hazard magsebased on a merging of five hazard mdfmods,

land use changelandslides, climate change impagbn floods and climate change impaabn
landslides. The integrated hazard map consists of 6 maps undeprdsentativeoncentration
pathway (RCP¥cenariognd 2 time periosl(near future and far futurejhe analytical hierarchy
process (AHP) was used as a tool to combine the different hazard maps into an integrated hazard
map. From the results, comparing the incréaslkeevery high-hazard area betwedmeintegrated

hazard magof thefar future undetheRCP2.6 and RCP4dtenariosKkhammouarProvincehas

the highest increase (16.45%). Additionally, the v@gh-hazard area in Khammoud&movince
increased by approximately 12.4Métweentheintegrated hazard mapnderthe RCP4.5 and

8.5 scenariosof the far future. The integrated hazard maps can pinpoint the dangerous area

through the whole country and the map can be used as primarily data for selected future

development area. There are some limitations of the AHP methodology, which suppEmes

independence of alternatives and criteria.

Keywords: Flood, climate change, landslide, land use change, risk

1. INTRODUCTION

Now a day, natur al di sasters take a few thousa

hundred billi dtNUSDReveOyu5DebAddh s 0abrdd Il wz ed

about 700 million people and about 100 mil I

hazards and three orLawrPDRaizsrdsdbevebhppidbgwnelo

Sout heast ciAtsiideeepnesilde h egarviicluyl taim ea and natur al
l i veki hCouordr ently, the water supply system in

in rural areas. Therefore, most people Iiving
i rri gatgiBoani radr e& Sh oe nahkaenrg,e s200n7 )l and use, such



densitygpidnaneases in(Jomomamaginidlude 20.12; Wins
I n additiAsAdnamasd@®nNnon | and use/l and cover ch

poverty in Bangladesh. At the end of their stu
use i s can increbanai ngedemdvsodmamyl pevseart ghers hayv
studies on the impact of <climate changes on the
(Adel oye et al ., 2013; Par mes ado w& veohe,t he20®3 :h a

only a few assesrsnernddi atnido rma ad ry stetme fdarev icroamme ry
when <considering poShsahbl (@2 lld)mate fohamswes.ace

different climate change scenari os using set o]
water assessment t ecoelnt(uSWAOT) @ Inb&@lned Ifac2reOn@ipdnt ur y
The resul't o f SWAT i osdeshofvst imerease i'A steam
century. However, the croteaye wak st dam hiligwef
century due to the increase of teApeoandung t op
t he Ilvretrenrngeant al Panel on Climate Change (1 PCC)
increasing flood (flrPeCquy gerio@y® idjiic utl e ( B@Msnoaled se

been developed to study future climate scenari o

strategies and mitigation plans to address the
The effects of hazards on anlarfarmoul d blkei hast

the usebkBabpadr dhubssessment focusing on all scales
(Cutter et al ., 2000; Mar zocchi aNti | aly. & BShb2t
Gianotti Howeveéy, exhaustive data are required i
ifnor mati on systems (GI'S) have(beem8Sonded &slLatrop
Kazakis et Ilal c,on20B5)t, the tool is ineffective
hence, it is not appropriate for execuontiede or n

many methodol oguué s i ploesiulcehergarsd¢sesi nsgc heloeessi f i ¢ a
provweighti ng for each hazard. -Mmalkregamet Bedert
solve multiple conflicts amogngrudadependent crit

The main objective of this study is to propose

areas over the nati onalklraveagiiloanb | ef.o rT hwhsi cnhe tlhiondi

combines different hazard maampd , cliinnedtued icnhga nfg eo ono
proposed methodology provides an integrated ha:
provides all of the important information that
for floods but alaga sf.orT hdtshesrt udayt ursalalbhsao t he f
for the entire country of Laos. Another advanta
that are used to develop the unified hd&zard mar
the decision niaokré e B hhigd zyarids ahreél spsfnuamalt & otciuasl ar e
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For i muutlattntcrei, but e( MAUTKe en ¢ e& r Rtaainf fdae,c i 1d%9 I )h e |
cour se ofgiawdrnodbd eimn by assigning a utility to
calculating the best possible utilita.| a@arhgee dr a

amount of i nputthper o ced Kadmir is t& pMawvir akiiaahd ie2 0 ¥ &)

wei dIBAWFi shburwa,eslta®T) shed based on a simple
represent the goalcraicthenreiveeimelnitedu nldyert lkreachharti c
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f ar tf reeamoind e a | s orhwlttiiochi mgpra&@i@a n a InAsstaadnzcaed,e h (201 4
used TOPSIS model to find the solution in urbari

site sel ect iTohne odir amebwa ctko wonfs .t hiosf meeibghdttiensg & h e

anmMai nt abnebt) gatdgmMme nt , especial(Bewzadhi an.déet i ahnal
Yousefipr(oduzaz®)d mul t i hazard risk map in mountai
as support vector machine, boosted regression t
model for each hazard and then cardedatnegy eam cihn theagra
together. Not only the technical capabilities
design of information provided on mult.i hazard
pr ef e(r@®alclecs e.t al ., 2020)

However, none of t heorrsdiudteheenttibcemmbet brkdéEms i es of
sense, adapt, or modi fy ,whhiedkre iesnuvtnarno npneerncte pttoi oanv
as i ndiawidd utanle public perceptions &t akelskl daesr c
i nvol vement in the study wild!l provide advant ac
stakehol ders will harv evmppiperedsnianidek nobovl eldgree ot
They could also assist in reducing conflicts al
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ANP (FOANP) to construct a new set Aftheaeaugmeter

AHP requires datna ptaoi rpmiospee rcloymnppaerifsoons, it i s n
MAUT Kazakis et al ., 201.5;Ansanrd awmd rdii ssu s& -nsu lattihd rsi,
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2. STUDY AREA AND DATA

The LaoPDR, or Laos, is situated in the middle of Seast Asia. The country is landlocked, so

it has no direct access to the sea and has common borders with China, Vietnam, Cambodia,
Thailand and Myanmar. The country is located inddrgerof the Indochinese peninsula, located
betweenongitudel00 to 108degreesastand latitude 14 to 28egreesiorth, with a total area

of 236,800 km. The Mekong River flows through almost 1,900 km of Lao territory from the
northto the southandit formsa natural border with Thailand over 800 km. In addition, Lao PDR
canbe dividedinto 3 regions. These regions are determined by the Lao government, rihmely,
southern, central and northeegions(Figure s1 from thsupplementamaterial).Furthemore

Lao PDR is divided into 16 provinces and one capitantiane Capital (Figure s2)
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For this study, we used hydrological and meteorologieahsetfrom (Phrakonkham et al.,
2019) The rainfall data were interpolatéal a 1 kmx 1 km resolution usingnverse distance
weight(IDW). After that,the logPearson type Il distribution was usedestimatehe 100year

return period of extreme rainfall in Laos bgingthe annual maximum dailainfall for each grid

area. The hydrologicalada were used as input data for the rairriatioff model and probability

of landslide modelandto calibrate the rainfalfunoff model. The land use of La@sclassified

into forest, paddy fieldagriculturalarea, water body and urban.

In this studya100-year return period igsedbecause most of the hazatseventshaveoccured

due to the 10§ear return periotf extreme rainfall. In addition to the rainfall data, daily
maximum datareselected to argze the rainfall intensity return period. The datrealso used

for bias correction between GCMs and observation data. In this study, Representative
Concentration Pathway (RCP) scenamaseused for future climate changeojectionsbecause

RCP scendo areasbased on radiative forcingrojections arellowed for policy change to be
implemented. Seven GCMs, namely, CanESM2, CNEM5, GFDL-ESM2 M, MPI_ESM_ LR,
MRI-CGCMS3, MirocESM and MiroeESM-CHEM (details about each GCM are shown in Table
s1), were slected to create future scenarios of spatially distributed heavy rainfall. Rainfall data
from the GCMs have different timeesolutionsitherefore we converéd all 3 h rainfall data to

daily data bysummingrainfall datafrom thesame day. The rainfall data period was from 2006
to 2100, and three RCPs were used, including RCRZe4.5 and RCP8.5

3. METHODOLOGY
3.1 Outline of method

In this study, the integrated hazard maps consist of five hazard maps, feoatiuse change
landslides, climate change impagbn floods and climate change impaain landslides.

3.2 Flood hazard

In this studythe model considers the meteorological dataset as input into an output hydrological
dataset such as streamflow over a time period. A hydrological model is made of mathematical
representations ddey processes, such piecipitation, infiltration and transf into streamsthe
hydrological processes considered in this model are precipitation, infiltration, surface runoff, base
water flow and water balance in each layer. The model technically carfsstst of hydrological
parameters describing the catcmproperties and algorithms describing the physical processes

In this mode] the catchment is divided intavelland flow planes and channel segmeiis. the

land, for each grid cell, two layers are considerethé&wvertical directionithe base water layer

and the surface layer. For distributed system mogdétgormation onthe geological and
topographical characteristics of a river catchmgmnéquired © derive or measure the necessary
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parameters. The river basin characteristics were described by the set of data (elevation, flow
direction, catchment area and stream network) derived from the digital elevation model. More
detailsabout the performance andlidation of the model are presented in Phrakonkham (2019)
(Phrakonkham et al., 2019)

3.3 Land use change hazard

The scenario in which reduced forest and increased croplarshaegacluded was first usead
assesthe impacts of various land use scenarios on the flooddheazap inthe present study area.

To investigate the sensitive areas of the flood hazard thiagselection was chosen. Hence, the
reductionin forest and all forest areas was considered and converted to the worst scentrio and
cropland respectively. Oa of the suitable geenvironmental factors of crop fields is slope
(CeballosSilva & LoépezBlanco, 2003; Huynh, 2008As shown by these studies, a slope of
approximately 612% will increase the growth of vegetation. Consequently, in the scenario
designedirst, theforest areawith slope anglelessthanand more than 12%ereconverted to
cropland and remained unchang8&gcongbased on the probability of increased populatam
expansion of urban areas was created whose process was represented as movirg fiasu

to urban areas.

3.4 Landslidehazard

Landslides are one of t he most dangerous natut
affected areas. To identify the |l ocations of | a
model basea Ilomginsutlitcc pregression analysis was u
i mportant physical par ameters, including hydrai
the hydrological parameter (i.e., hydmiamdg i ¢ gr e
the probabilithkawagoae ledn dadllei,dset2e0t1i0s)t i ¢ al appro
evaluation are indirect hazard mapping methodo
based on a combination of var i abdhesmatchhaetr h& vDea vii
2003; van Westehneaddiltiomn,00®rnobabilistic meth
probability over a | arge area where numerous ng:
i setmain hydraulic parameter. Due to the | ack ¢
for this qtkmdwagomr kaosal ., 2010; Komormr it edaseal . |
studies, the probability of a | andslide is deri
f : (1

P ADD pBWT ppRW WA MWimwxi Qa QI

wh erries hper obawhiicdh yconsi dered t he magpamr@Qiiéindex of
andQa&®O® t he hydraul i c grraedsipeenctt iavned yt.he rel ati v



210 Rel ati velefélnieedlf as the elevation difference bet
211 | ocati on. Rel i ef ceashmagw tlse ano mpnldeexxi ttyh aotf geo
212 considering t he lacntdifvoel huserveefl oorpemeelnite fa fledneefrignyel di vy

213 as the elevation difference between  ameé thh@hest
214 relief entergmiflegmleacihon grid cell i's estimat ec
215 (DEM) dat a.

216 Hydr aul iica ggiaginaieftitocraimto tfi bandsal bfl es.hyhraamwleisc i n
217 gr aditehsal oipre ared acnamr | léded,itiec useudinsaturated i
218 anal ysi ¢ hiiacstealr dsn equati on to f i n(dKatwhaeg oceh aentg ea li.
219 2010)

220 3.5 Climate change hazesd

221 Climate changbazards arestimated as a future projection of climate chang®actson futue

222 floods and future landsliddhazards The predictionis obtained by the future projection of

223  precipitation from th&sCM dataset. In this study, the average precipitation from 7 GCMs (Table
224  slfrom thesupplementamateria) and three RCP scenarios were selected. Because most GCMs
225 offer information at scales greater than a few hundred kilometers, statistical downscale bias
226  correction quantile mapping was deployed (Equation (2)) to rethecbias for precipitation

227  output from the GCM¢$Boé et al., 2007; Fajar Januriyadia¢, 2018; Fang et al., 2015; Lafon et

228 al., 2013; Salem et al., 201&)irst, the method for bias correction quantile mapping presented by
229 Salem (2018) is used. Then, the near and far future trends in rainfall are chosen as the average
230 future precipiation data of the GCMs from 2010 to 2050 (2050s) and 2051 to 2099 (2100s).
231 Additionally, thelog-Pearson type Il method was udedcalculatehereturn period rainfall for

232 all future rainfall patterns.

233 Qo1 0 00 6 O atana 2)

234 whereq:is the precipitation after correcting the bideyg, 4s the precipitation from GCMs before

235  bias correctiond ‘0%, 4s the cumulative distribution functiofCDF) of ¢qg andd ‘O,®is the

236 inverse CDF otheobserved rainfall

237

238 3.6 Hazard index

239 3.6.1 Flood hazard index classification

240 We propose a hazard index, which is adapted from the relationship between velocity and flood
241  depth(Sally et al., 2008)By considering the water depth of every grid in the flood map, we
242  converted the value to a hazard index. The scenario was as follows: the water velocity from the
243 flooded areas was low, and the depth can be transformed into a hazard index. The iadiec is sc



244  from zero to one, with zero representing the lowest hazard and one representing the highest
245 hazard. The hazard index was classified into four categories, i.e., small, medium, high and very
246  highhazardswhich correspond to inundation depths 0f0.8 0.31:0.6, 0.612.0 and more than

247 2.1 m, respectively. Subsequently, we can fimelrelationship between flood depth and hazard

248 index as shown in Figure, andtheflood depth and hazard index curve can be derived

249 3.6.2 Landslide hazard index classification

250 The probabil i(tly) oifs luasneddshl e idlteahnatdzbayridd el YTdhex (O
251 | andbBhzded map was <cl assified usi nghfet b€l B atur a
252 program. The natur al breaks mgenddaddtoeasr ma nd antga tchl
253 best arr &pogoaiseepnriertigsmptat | al afi stthfeB bddahtaaonk et al . ,
254 Constantin et al ., 2011; Erener & D¢zgeén, 2010
255 Pourghasemi. eltn atliwies v2sgnm2d)g sosuirf yd a tcd aisrstes 4 hat a
256 similar t onafpismmo dc & rmazredoide nccoempari son to ot her ha
257 t he | e&arazxalriddanap icd agrsbkede d2(3D)nt omedd.i5udn) ,( Oi.n2t3e r me d i
258 (0-0B%5) and -h)igh (0.85

259 3.7 Analytical Hierarchy Process (AHP)

260 TheAHP method is a highly efficient method among multicriteria decismaking approaches.

261 This method can prioritize multicriteriadata using a pair comparison approéghaty, 1994)in

262 aprevious studyPhrakonkham et al., 201,9)e conducted a questionnaire survey with expert
263  officers overseeing various hazards and risks in Laos. In theysguestionnaires, experts were

264  asked to provide their judgments on three hazdiasds, land use changeand climate change

265 impacts orfloods. In the present study, however, five hazards are asked in the questionnaires. We
266 have 5 criteria, which includ#oods, land use changelandslide, climate change impasbn

267 floods and climate change impaabn landslides; thus, the matrix is 5 by 5, and the diagonal
268 elements are equal to 1. The value of each ropadtvisecomparisons is determined based on
269  expetjudgments.

270 To obtain the criteria relative priority value, expert judgments are required. We designed and
271  conducted a questionnaire at the Ministry of Natural Resource and Environment of Laos because
272 most of the officersvhowork in this ministry have ikowledge of flood hazards, climate changes,

273 and land use impacts in Laos (Table s2) tiidlexperts and thoseho hadexperience ithefield

274  of our concerned hazards were askeddmpletea questionnaire. Approximately 41 samples

275 were collected from atheexpert offices at theMinistry of Natural Resource and Environment.

276 By using Equation (3), we obtained a value for gaainwisecomparison from each row ttie

277  questionnaires
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3.8 AHP-based hazard map

evaluat
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change leading to landsligleazard maps, the AHPased hazard index is used. This index is also

deployed to assimilate the weight of each criterion usesgdmn its role in the final map. Each

grid must therefore be evaluated based on all criteria. Thel#d3Bd hazard index can be derived

as follows:
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4. RESULTS
4.1 Flood hazard map

A distributed hydrological model was used to simulate a flood hazard mtgefehole country.

We considered the greatest water depth in every grid cell, which was determined by contributing
factors during the simulation, and thdaetorsincluded the 10§ear return periods of rainfall,

land types, soil hydrologic characteristiasdalevation. The results are shown in Figure 2, where
we can see the potential flood hazard ar€he results reveal thimw-hazard areas cover 78.44%

of the total areanediumhazard areas cover B4% and high and veryhigh-hazard areas cover
6.14%and 278%, respectively

4.2 Landslide hazard map

According to the results shown in Figurar®st of the hazardreasarelocatedaround the central

to southern pastof Laos In addition the records of landslide events in Lat®w thatthose
landslide events are closely related to the probability of exceeding values of rainéaksults
revealthatthelow-hazard aremacover 92.67%the mediunthazard aremcover 1.83%the high-
hazard aremcover 1.21% andhe very high-hazard areacover 4.28% othe total area.The
landslide hazard map was validatedcomparing théandslide hazard magsultswith historical
landslide events in Lao PDI®y whichthose events occurred with thgtreme rainfall oa 100-
year return periodApproximately33 landslide events (Figure 3) were ugadcomparisorwith

the landslide hazard mapsults. Fronthe results22 events (66.67%) were located in vheigh-
hazardareas 8 events (24.24%)erelocated inhigh-hazardareasand 3 events (9.09%) were
located inlow-hazardareas The landslidehazard map by our simulation corresponds to the
historical landslideeventsin the country These results confirm that the landslide model and
landslide hazal map can predi¢he occurrence ofandslidesn Lao PDR.

4.3 Land use change hazard map

The results in Figure 4&how the overall impact of the hazard areas, which are growing
significantly; this is mostly because of the loss of forest area that slows the rainfall runoff. Without
forest area, all rainfall runoff runs directly downstream without storage or other facsosvtit

down. Therefore, the hazard areas downstream are expanding. The total area of land use change
impacs on floods wasdivided into 77.08%, 12.68%, 6.94% and 3.3% ofJomedium, high

and veryhigh-hazard areas, respectively.



348 4.4 Climate change hazhmap
349 4.4.1 Climate change impaan floods hazard map

350 Developing countries in tropical regions are highly susceptible to floods. These regions already
351 have high levels of precipitation, and the hydrologic cycle is significantly interlinked and sensitive
352 to theweather. Future scenarios of flood hazardpsfor the near and far future under three
353 scenariosreshown-n( Figures3)b. The percentagef very high-hazard areas fahenear future

354 increased from 3.71% under RCP2.6 to 4.08%derthe RCP8.5 scenario; additionally, ftre

355 far future thepercentage of vellyigh-hazard areas increased frd#bundertheRCP2.6scenario

356 to 488% undeRCP8.5. In the climate change hazard mvith respect to the change in the flood
357 hazard map, under all scenarios, the maxintigh-hazard areas were 0.33% in urkaeas

358 88.77% in foresareas2% in paddy fieldareasand 9.0% in agricultural areas. It was also seen
359 that the venhigh-hazard agas represented 0.35, 90.09, 1.8 and 7.7 teafrban, forest, paddy

360 field and agricultural areas, respectively.

361 4.4.2 Climate change impacinlandslides hazard map

362 Future landslides under the three scenarios and two time periods were simulated S#&yure

363 The percentagef veryhigh-hazard areas fdhenear future increased from 3.71% under RCP2.6

364 to 4.05%undertheRCP8.5 scenario; additionally, ftrefar future thepercentage of verligh

365 hazard areas increased frdfbundertheRCP2.6scenarido 488%underRCP8.5. In the climate

366 change hazard map with respect to the change in the landslide hazard map, under all scenarios,
367 the maximumhigh-hazard areas werel3% in urbarareas 88.98% in foresareas,0.84% in

368 paddy fieldareasand 10.05% in agricultural areas. It was also seen that thaigérpazard areas

369 represented 0.15, 90.31, 0.77 and 8.77%efirban, forest, paddy field aredyricultural areas,

370 respectively.

371 4.5 Integratechazardmaps

372  The main objective of this chapter is to integtatfive existing hazard maps (flosdandslides, land

373 use changg climate change impaxton floods and climate change impacbn landslides).

374  Phrakonkham (2019roposed thé&\HP-based method for integratetultihazard mapsg Lao PDR

375 namely flood, land use change and climate change leading to flood hazasiBased on the results,

376 the AHP-based irtgrated hazard map cahow potential hazar@reas at theountry scale. In this

377  study, 6 integrated hazard maps under the 3 RCP scenarios (RCP2.6, RCP4.5 and RCP8.5) and the 2
378 time periods (neafuture (2050s) and feuture (2100s)) were produced usirge tAHP method

379  (Figure s57). The integrated hazard maps were categorized using the natural breaks method of
380 classification(Tate et al., 2010)It was noticeable that the total amount of veigh-hazard areas

381 increased in response to the RCP scenariothenear futurethe percentage ofery high-hazard

382 areas increased from 3.20% under RCP2.6 to 3.3% W@eB.5. Similar results are shown the

383 far future the proportion ofhigh-hazard aresincreasesrom 3.23% under RCP2.6 to 3.%4 under
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5. Discussion
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6. Conclusions

The main objective of this study was to develop an integrated hazard map that is reliable at the
national scale. The integrated maps apgh/AHP method forintegratingall individual hazard
mapstogetheynamely, flooding, land use change, landskded climate changenpactsonflood
hazardsand climate changenpactson landslide hazardhaps This study provides a significant

and valid methodology for the development of integrated hazard mapswsingiteriadecision
analysissuch as\HP. The results from integrated hazard mapsdamntify dangerousreafrom

both individual and integrated hazards. In addition, the results can be usecthay data for
screeningand selectingdevelopmentreas However;Based on the integrated hazard map, the

following results are obtained:

T The southern region has high and very hi

region and the northern region. The Nort
thregi ons.

T Tot al very high hazard area on the integ
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There are some | imitations of the AHP approach.

alternatives and criteura.stfudystoemakemendedmp

AHP and other mul ti criteria decision making ap
i n smaller area, topographic information shoul
the hazard .by | ocal peopl e

lit should benotedthat data on population and economic impacts in hazard area®st yet
includedin this study. Together with population and economic data in hazard eskagreas
could beidentified.
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824

Percentage of Percentage increase

Percentage of ver

) very high-hazard ; very high-hazard area
Province name area under high-hazard area between RCP4.5 anc
RCP2 6 under RCP4.5 26
Attapeu 0. 23% 0.23% 0.31%
Bokeo 0. 07% 0. 07% 0. 64%
Bolikhamxai 0.32% 0.33% 3.05%
Champasak 0.21% 0.22% 0.28%
Houaphan 0.22% 0.22% 0.20%
Khammouan 0.32% 0.32% 0.94%
Louang Namtha 0. 08% 0. 08% 4. 36%
Louang Prabang 0.19% 0.20% 4. 21%
Oudomxai 0. 12% 0.12% 3.47%
Phongsaly 0.11% 0.11% 1.03%
Salavan 0.13% 0.13% 1.18%
Savannakhet 0. 36% 0.38% 4. 69 %
Vientiane 0. 30% 0.31% 2. 86%
Vientiane Capital City 0.04% 0.04% 0.34%
Xaignabouly 0. 19% 0. 20% 1.80%
Xekong 0.14% 0.14% 1.30%
Xiangkouang 0.17% 0.17% 1.56%
Total percentage of ver
high-hazard area acros 3.2% 3.27%
thecountry
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Percentage of Percentage increase

Percentage of ver

) very high-hazard ; very high-hazard area
Province name area under high-hazard area between RCP8.5 anc
RCP4 5 under RCP8.5 45
Attapeu 0. 23% 0. 23% 0.98%
Bokeo 0. 07 % 0.07% 0.29%
Bolikhamxai 0.33% 0.34% 1.43%
Champasak 0.22% 0.22% 0.92%
Houaphan 0.22% 0.22% 0.95%
Khammouan 0.32% 0.32% 1.37%
Louang Namtha 0. 08% 0.08% 0.34%
Louang Prabang 0.20% 0.20% 0.87%
Oudomxai 0. 12% 0.12% 0.52%
Phongsaly 0.11% 0.11% 0.48%
Salavan 0.13% 0.13% 0.54%
Savannakhet 0. 38% 0.39% 1.62%
Vientiane 0. 31% 0.32% 1.34%
Vientiane Capital City 0.04% 0.04% 0.16%
Xaignabouly 0. 20% 0. 20% 0.84%
Xekong 0.14% 0.14% 0.60%
Xiangkouang 0.17% 0.17% 0.72%
Total percentage of ver
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the country
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Percentage of Percentage increase

Percentage of ver

) very high-hazard ; very high-hazard area
Province name area under high-hazard area between RCPA.5 anc
RCP2 6 under RCP4.5 26
Attapeu 0. 23% 0.25% 8. 67%
Bokeo 0. 07 % 0.07% 2.58%
Bolikhamxai 0.33% 0.37% 12.39%
Champasak 0.22% 0.23% 8.16%
Houaphan 0.22% 0.24% 8. 44%
Khammouan 0.32% 0.37% 16. 45%
Louang Namtha 0. 08% 0. 08% 2.90%
Louang Prabang 0.20% 0.21% 7.41%
Oudomxai 0.12% 0.12% 4. 48%
Phongsaly 0.11% 0.12% 4. 17%
Salavan 0.13% 0.13% 4. 77%
Savannakhet 0.37% 0.41% 11. 35%
Vientiane 0. 31% 0.34% 11.62%
Vientiane Capital City 0.04% 0.04% 1.37%
Xaignabouly 0. 19% 0.21% 7.28%
Xekong 0.14% 0.15% 5.26%
Xiangkouang 0.17% 0.18% 6. 31%
Total percentage of ver
high-hazard area acros 3.23% 3.52%
thecountry
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861
Pergentage of Percentage of ven Percentage increase
Province name very high-hazard hioh-hazard area. V&Y high-hazard area
area under 9 between RCP8.5 anc
RCP4 5 under RCP8.5 45
Attapeu 0. 25% 0. 25% 1.36%
Bokeo 0. 07 % 0.07% 1.42%
Bolikhamxai 0.37% 0.41% 11. 90%
Champasak 0.23% 0.24% 2. 77%
Houaphan 0.24% 0.25% 3.78%
Khammouan 0.36% 0.41% 12.47%
Louang Namtha 0. 08% 0. 08% 1.60%
Louang Prabang 0.21% 0.21% 0.99%
Oudomxai 0. 12% 0. 13% 0. 66%
Phongsaly 0.12% 0.12% 1.13%
Salavan 0. 13% 0. 13% 0. 59%
Savannakhet 0.42% 0.46% 10. 72%
Vientiane 0. 34% 0. 37% 8. 33%
Vientiane Capital City 0.04% 0.04% 0. 75%
Xaignabouly 0.21% 0.21% 0.62%
Xekong 0.15% 0.15% 0. 77%
Xiangkouang 0. 18% 0.18% 1.00%
Total percentage of ver
high-hazard area acros 3.52% 3.71%
the country
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