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eogatituiiovrinn tEdnducdisendy 3 Uriwadsd: Jigrmiow, Yadelfiu war Yawzdn
n1uiitémba S WRnmredtoudatd sxtuduyitold 2007. istivn 3 Uzwndiinio ud
2010 Diigelia 13,5 S s, 2tuiivuensud: Jagzmiou 3,6 S sn, Uadelfiu 6,9 3w
s0 (A Jeszdn 3,1 J1u so.

1.2.2.4. Suuranausnin

a ' a & & ' % ' o o
Suwrumneuasn  (JuSuwzamneautl)  Nuznsugouditnniviionzurgnnzio
293 YU 219, tEImuanaziudr Dusare) 32 dwlnu, 12 3w dudwivtiu, ney 162
o~ % ' a P &
N2 38 A1 (T 1WA 7 I (KT 91°).

TudingzmSneiau, euccuujeommumuccs tn&mmumamjosﬁo nenfives
mmznjzmo‘cmw.uzu Tutauzd 2005-2008, ncoucn m Ele 32U waz no, (Mmnza 1-1).
azccUUjsgommzmmmo WusneugouEaldi GDP wWudy amndnor 1% W 2000 s
N1 3% WD 2005 way sen 8% Wi 2010. uenwny, erumujgnsidcs 9
UrnesugouWiknnivdonzurgonzRo-g180 eaduuzdn war  udalaty wnw
Elsudatiw way (Dogsafiudn.

nIza13 1-1 wsmniitdendive suU 210 whd 2005 1 2008

81+Gu (Yow) 10,15 12,65 9,09 5,81
ne3 (1ow) 30.480 60.804 62.452 64.705
noysudy (Taw) 746 3.358,81 107.430,48
fio (Tow) 240 809 1.109 260
wign (Inw) 8.600 6.500 10.000 1.000
Mwduanty (Tov) 358.637,88 319.242 681.715 600.000
fiwma (1ow) 109.787 206.104 232.250 586.866
Mwdivcsungsigae (1aw) 62.000 131.972 158.490
20 (1) 3.500 2.249 2.350 600
Sgnzd (Tow) 8.000 4.000 12.116 6.079
Fiuyy (Low) 190.440 430.000 450.000 911.654
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oy (13) 58.719 900.150 943.000 214.772
210 (U°) 160.136 900.000 920.000 208.608
Snzzqngny (U°) 70.210
Au (1) 4.012

din (Tow) 20.000 36.218

(YI2YU: NEgJWERIN 1L vis J 2008

1.2.3. Gwdmondeu

muwmm“mcgnnvnn :lja.u cca“ mugzngisfordsy  Tudingzndongiuur 16
F198unciiv maw“wﬂugjccaoasucwueu lnugzwr luusnsuyo) cta“mawsﬂma ¢
guU a%0. Juazlio vindyaadetficvuzwngmbs, Fadion war smncdiuin coucuBy,
297uUzneUY0I0393Y war Gordeyly wlutie)idlnorud lalaluniunougucdiugd.,
yrodocde) cluddumduutiviuazdionigemnin Wnugzwsy uzasunojo ) iu.

wid 1990 cuduw, Sonzuiw U Q10 tWEULddndivng cay wrereUdunsIFrRn
e nutdSudignugoude way nudsfurnwisly war agznn dugronutusmie
fisudiy Urneufivin way fi93diiggl. srovufugmdefifinmdnniugneserunty 1&g
Suduzneuy0303IIV Ay Gocleydudisla Jdiwou 17 veu. mudiulijudmde tESuniy
O3n1we) 38 AocDeIdndu aoudiy magzumwesine). nuddnwdEme ciunowsuiingsy
lnofigeegmogzuin &  Soduoifivdddaenzdy. wdylond, nwodnwdivgmie
Wdocleyfiodrnn clufiimuinddunuiduyeodyui 40% by, nwenwmzuy
5183, nwenwriingudgnw war duas) ﬁjﬁ:'rl cUusU%ﬂ’nﬁuﬁ ij’mmu‘faaum
Tmajﬂ.u .uzlouso.u‘tumumf«m ((PaE moweumumjecmas Lcuchsnuznnmmmﬂmaou &9
ummmacmue gJoruidiudin § caommmvuv Uj.umam.uacmaea aw‘mmun“wumumj
nunaesIseIesIgUsy. SHnwmingindsiit novtdlagrunceisy, Wudu nw
18ynnzi10: 3R (@mUzi’wmécmﬁa, 11t 1880, Ytdus3ndu etedu s o).

Wuzatiu Fsadie andoclegninsdr Duzuw 0,75 Alanw/au/du. el
vwdrsndie Urnsucuudsugwywtd Dddruw 30%, Sxsacfisurdu Duruw 30%
war 40% covdpsncfesuindrdituurIndulontd, 89iliiy 15% war oo,
voy «ay lamzdwou 25% (egum, 2001). Spsafieando@ey wludusdumwuy
Jnsendugovfivdysnifiosenvinnzgin. nuitinggande HrlunnznuiERAcIy
:lmumgoémouﬁjcmczﬁeﬁj‘tﬁcﬂuéﬂﬁu.

1 fogn, fudduoendion Wannzwnwionzuigdud 2004 vildilaniu donzufiode)
fisv og1nlaniudunsidusndietu 12 (Deslutiovzinn.

12



1.3 degineu

WndBOAVLN YU %0 tEUzBufivmsidiugy eegrainey. Wiausd 1995
md 2005 ﬁuazcﬁeﬁﬁcﬁuéuinamcéa 2,1% 0d. duazdelaio ¢ 5,62 iy w
Gunwgimon W 2005. W, Jruwdiony Dewdfy 20 O, Dhiwou 13% dudigene
§ Deotwgindr 60 T Buty. owdusvady 299rg13uat wlu 63 O Tucldy way 59
U 23ugigre (NggogueunIy wae NWRy, 2005). wouduazilis)Ro cOuuSucdy
NMGUTUEORL AUy Ry anaziud1 Jeginay 293 YU Q10 Tud 2020 (gusztiicnizgain,
2004) cluRsiusy Ju 7,3 Swhy. aowwnncsivesduazide) JUzOsUYDI0II IV
coudyDiwovocoiiugiganow) dzuw 150 Au/ nu. $Sudduensy ¢ U
gouTowcsudyng  8gluazmdry 11 du/nu? m 40 fu/nu?, (ugeddunigan, 2005).
nownicsivesjduazciole tumnngzuiuide) 293w20gw Nt (ay ULasuyoIoJIIu wax
AJuMmUKaLNIIo) 13 8 wiuzasuyoIoIITU m UINg Kar (29I UV,
MJugnigwanclie, aorwnicsiveszgney wly g3 Jniwintd 299203 iguzyl, 103
weyrg, U1gcdegRIaiy (L 0IULaLUNIIYDI.

fuavdey ¢ auU aw vznsudoumududii HIno1ucananfiy mIgdmwwIRt ey
nowiBef. Simuiinendogin way IndBnzeriwoun, Woww BuinSuciuy
na1 200 ¢ ‘é’jc%ﬂmﬂmmejﬁumwnm 170 wagn. cij9e130nd, nwIndzawacdwngnay Jua
49 (facdindiu (U£BEN3) 293RvwItIzI0, Srduand 213/3ws, 33 SuH 24 we3n 2008).
Sufintd¥naoun1cuUsuABB30 W 4 twonwIRFnd NU A%0-tn, veu-eviy, Nnuds-
Soli5u war NnUIV-Guo.

1.4 nudinnzuaannzin

Whngzndofcwor nudulnonzRo 299 9Ud 210 cludulng uazndy
6-8%. MwSuntioay tauan 490 toarwzmz3nTud 2005 fu 1.069 tnaisznzdn Wi
2010 (nzgojceuniy way MuIRy, 2011). Twazmdigd 2005-2010 2zcouinudIniy
(JJugzeouInIuog z‘}’wg”ﬂjmsgu‘m”ugwﬁgm 8 mndnmgou diggoud Liudy ijgousiu
2ojRoLusnAwsuLzdnnzidivwie Ty, Sduezamigozmziciugn a1 36% Urdu 26%.
wiozduidclunougy tdnuLsun (010519 1-2).

Tutasuzd 2006-2010 aouugnisSuuzdnnzdvwisly duintize) U Q10
cOUtGIMugsngIufiogs, 10Uy wINN1y €Az wanwie. (fj3g130nd, §ifiomouasn
uuuzdnnciivueludfiofy duntd coudid Hrdunjulafivundy. $3udnngou
293200INIWUENoUE GDP lusiqding ﬁtﬁﬁaawcmndnﬁwmw (mnzxag 1-3).
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NIz 1-2 God3neegniudionzur Wy 5 3§38 5 (2001-2005) wax §954 6 (2006-
2010), YU Q19

niuernufioee) GDP 2001-2005 2006-2010

(%61D) (CeIUN I U911 (CeIUN I
6 7.6

WU 7-7,5 79
Ne&na-Uatd 4-5 34 3,2 4
901111 10-11 11,3 13,7 12,6
ANy 8-9 6,7 7,3 8,4
gouuvizg) GDP (%)

Nz&M1-U9 47 45,4 36 30,4
201N 26 28,2 36,4 26,1
DN 27 26,4 27,6 37,2
GDP &diofiu (1nar) 500-550 490 823 1.069
Saniuct (%) <10 9,6 7 51

mutmna: GDP Afiofiu owisct)tudsndiwesceu 5 3
CYI2YN: OUSMUENIUEEUNIERENIUEINY (2006); Negojcesuniucazniudiiu (2011)

010279 1-3 ouuzdnnzdiuaoy, Ofiofiu way 2xcouniy, 2006-2010, YY1

nuezmewfo (%) | Sonigouzsizziouiniy (%) adiofiu (T027)

N&M gngen1  J3Anw

oo 8,45 55,63 21,2 23,07 771
n1) 9,94 40,67 34,03 22,81 1.142
i 10,65 46,87 24,04 29,09 718

CYIRUU: NEDIULIUNIV (Rr NWAHRY T 2011

wisugfiunuiionzuagonzin - coutdinudsucdglagdy. lagdinnznn
PX: o ! o o ' & & 2
29) UU 0 [GInudivduneseouinsdnt  wWeetaminiusuiisasito.  muds
' oo b 2 P S b b
neusoueslezuoINz&mO GDP  tigadgnndigly Tl 2001 waduoissousnw Tu
> ' P ' ' Qo o 0o
J 2010. dsudmwgzarufiodydejio Ay  Jangzuzaiis)  2932wmuInudaniu
J9tdRncnUscouINEEnn, S3usramusngmnei (fcud1er id 013Gotanninmiy (3990
Lo b ' o ' &
MU conuiniudsucdiméimang Wgogtassl (Mg 1-2).

SFuercoinedn, Guurdongdmnn war  DuiingdnmtEInadjucugdigmone
lowgraizty 2-3 0 gwor. Whngendagwos, Guozdonsdm war Deiiyniyloy
gezniuyngnd, Judy car Seutdugudumogyy (N¥gojutiunIy LRy NIwdshy,
2011). Tugudawl U YU 210 1EINIWSINVI1IMR0IYI N U IV ke dznnlringg
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TUNURIPUYNY1JWIRT € DingruzitiuesmeneSuuandiv.

exqougUatd  Ndudnezaouitly Hlaowdy  Wwnwdzneudoutiiunidion:
yrgonzines] U Q10. ueneINd, g9tiiuznausouelggoIge) A330ncduels)
Urgisudluensuuzin  esuenfiovzinn, ufiy  nudiudiegieeidy el
WU war FAwsy. yuawrdnnziuamndiogdize)t) Waoardueludsy 200 S
lna1gzmedn, 89goulmeclun1n tdy wazfutd (negoInedni way Yatd, 2005).

svcouudndn war wedgpn  dJudpenmigisndy  AfunwdinnzuasanzRo
o~ o Ao & i Py o &
29) WU 0. Wivzdingzndoditww, @eutuducn) GSumuiinnzuinaiuzy
& o ' ' P b o T o ' '
Weuzdnnzugtwdr lnugoulnduulsiedyeen. nwdionzuitwdinifin  clugsnns)
o o ' o o o o o S 2 &
fiucuomelisulon Twnwdionzurgonzin-Fiiueeidonzuiy,  33tdiniwuiduog
sy« 903u29cuudinnzuicnIzin. mucwuniuidonzuitudinidn Wwd 2005,
e o 2 v &
UU Q10 cludaowsnsuinuzdntuditd Jeow 690 MW. Tud 2010 thlSsu
twdwedn 27 coyluesueniiodznn, Zibaowsiuin wzdntwditd 2.583,73 MW
o © ' S b
(N£go3ueIUNIV €Az NMUAIHY, 2011). WY 210 Mnd1zdudzinnl) figwingzoue) s
UWendunwznnlusigsy madn Wy sutwed. cuviinnzurgnneio-g838u 530 630 7 O
! o T L a a ' & o
(oo tuniudionzulagnutddinadn wudn 10 oy, Jyuar 11,2 Hloagznzdn,
S ' o P Py ' o ©
39010971 UINWLIN We93 twdatd grenol 5.000 MW (Nzgo3ucesuniy iy Nuljny,
2011).

3unmudionzunndn Suwzameutsnn  AtdUsneugou  Affunaudiulnmag
Guennzin YouDnogmdionsuadusy, 2wSudd inecnSusameutsniIn sy
91N 143 Fwlaaznzdo W 2003 Lty 620 3w 021 WD 2006 war YE@DUSY o)
10% 293 GDP d 2010. yenvInt, awsuaniginamnsuuzemnsuasnin cludtduiam
nufivgney, WINW 1Ar AwINga3, tHfIwou 256 JWTNNKLENEI0, NNV
Usnuchiefidu 9auou 17.000 nu? ud 2009.

1.5 nwidionzu&ifiu

nunanduaowynunlditd Wl 2020 wcouvzlovwiigigdy  unwidion:
wdau  eogdonzuw. Jumnorunnumniucagud 1990 duduwua ‘Eﬁzgoﬁjciluﬁﬂoi]
(%ZIJ 1-4). (§399%0nmmu Tuaznd1gd 2001 ;a 2007, uz‘tauwgmﬁsmawwnmn cuy'm
giudivgundugtd  mufoananoiutd  deuzindntateoliugsoyusutidiy,  Wuhy
sinfuUrLwenIgn,  Usundadiidiaeamingenndn,  eownsy,  doucuy
CeIUNIWAI3I330 war n0IUB LAY 1Ay UxwlRtodufivhiusginesjusgiduds Ustidowu,
goumaniutuddonyhivrgin  war nwdjucuBuiiemn  fdaowsuas), louse
ez twitouiisuasy Tl 2004-2005 (su 1-5).
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SU 1-4 001UnNYIN, 20021UNNLINCNIZIN AT 17, 1992/1993 1 2007/2008

60
55
50
45
40
35
30
25
20

1992/3 1997/8 2002/3 2007/8

o0

cc@jéqu: uszfificnigin O 2008

sU 1-5 N0UNUYNUeUNILYNLIN MIUNIWDLY Ay Guuiio, SUd a0,

2000-2007
NYNII2INSUEINNLIN
300,000
s 245,55
250,000 TTOTEA
8 218,054 201672
S 200,000 TREET 176,304
@ 145,359
¢ 150,000
)
8 100,000
LB00 0,0 1,911
2 50000 5099 so0 | | 5332 %72 % B50as ko 045
2 ) HE NN
@
(50,000) 2001-02 2002-03 2003-04 2004-05 [94?04] 2005-06 2006-07

| noufioynuniidydie oo B ugu

CI2UU: NESDIALIUNIY (AL NIWAJAL

FFudqenniudngs, tsisjusudrfudnantdiiugy v1n 80% D 2000 wadu 85%
D 2005, gmronor 90% Twd 2009 war Sncmaolugeind Ewusudy 74% Wi 2005
(negojueunIu Az NwWAgny, 2011). moiyniudng  hsSunwduyy ooyl
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Warduwn war gudy. Whnswndogwur  dwoulsisjudrhy,  Honzdunsubu
ar noudiy ccbu‘tﬁcfﬂuéu zﬁaumoﬁuﬁ Is9s5Ud818y, Lzomdnzeila «ay
nwdunugnzasug) NidSunwlinnzddy. sesjuzmiBnzunta 2 ccznj tomjaud
winld «ar wineds, dwoulsisjudgiBu war IsIsJUNILgly Nid FgRuEunIofiv.

Tudingzndneuu nudinnzuinzdugunazuzgntdiniuduys, §jc§nTzﬁan 25U
28qu2‘121JO21J?.ﬂ‘18J 110 2005 9ommumU293£0nneatomoajmd 70 & 1.000 299NN
an, gousommumuasjcon:ueaeﬂumnm 53 n‘mmnaj mci‘lu 98 & 1.000 fiu (cfindsy).
eommumaeejccu‘mmnajmcﬁu405m100 OOOmcmam Tdoadunuuzdngdowzene
w1 TWUzn0 1UINNSUSE Uuaajaawmejwmzejuua’uau QiioIfiutdit) 48% way sroueIty
¢1 7188 95% 299 91moutin. o1dugvds Y uSuuacu 613 D 2005 wax 633 wd 2010.

guddngnezwiw NidduSuEungosiv, W 2010 Disjolguniy 4 wng, 1s)
oleoy 12wy, Isjplwin 4 wng, tsplcde) 127 wmy, N1 793 «g €Az nJIusu
Ly ' o o o~ s P e by e h & '
0 6.707 wdovzann. &1370n010, uounIIfiuciu coudiotdausy. walunowudy
o % o ' o & ' ' ' Py ad Lo e =y e b
U0 (Fudlspl2uguniy Souloe woutdSuniuduyitizy, whFugvsusu wludi
W Dnaduygdciainon (mangaig 1-4), Sxdudiumiinoutédtta%&iludutudoin.

010299 1-4 9Woun3) Inmudziwnlsiol, 2005-2010, sUd 210 (O133U8V)

2005 | 2006 | 2007 | 2008 | 2009 | 2010

6.736 6.636 6.955 7.115 6.425 6.707

Tswﬁz;lumj 660 835 940 810 825 856
gududo 160 160 140 120 120 120
tsgolwan 907 632 675 675 675 675
Is9oiic20) 985 985 1.559 1.559 884 930
Isoiiciog 2.366 2.366 1.304 1.845 1.845 1.845
NI 1.658 1.658 2.337 2.106 2.076 2.281

Iy gulETticnIzn

Sonzuw tEgunoruzenoau tgogni nwddnwEwdauliasy, wndydiiu
tEunwiinnzuiBiiindiooy war Hudonjuls futuowrmalfingg wludidius difu
Daorwfioninduinto. Wd 2009, duazideynitwreinls Jwjjut 57% war 53% 299
fuazle) Diiogtn/arfugnisvuity war Tuenduuzda wouddomigoy  dmow)
(nzgojguIazuzgn, 2009). wrernts@snsen Jn93tiudy, Dfuciuidy 7.810 fu wax
g 19 6y W 2009, njulgdwousivciuiud 2008 Dfuciuwgict 4.328 du waz g
22 8u. fisungofiul tSmwntay Addiududiudunt 76 &u W 2008 wadu 189 Hutud
2009. infisy H2answundiidgs, Uz 40% 283cﬁnﬁeuﬁjﬁﬁw‘ﬂn@oﬂnmﬁ. ysnijy,
ngdctinlsuamwou 41% wz U8 36% Hi=2a0caA90.
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1.6 vzlouy way cuviionzuicngin

d 2004 QOI]UUT,U\COSUSSjESﬂ gonzNCNIzIn  douniudiuln (e
NIWIAVIYOIUYNLIN cweumci’hmwmuwomumccmjmo ‘meowueen INJzanndisy
fionzur W 2020. ygoneg00Ino YamminSmarefinasininou Uy mun‘tUws.unumu
fonzuwzimnngin lnunouaoudnesaoiniy, undgenuslvuw N8 y3uzdndiosy
wouINI Ry vent Ndyduvendy WiknnwdncauiionzursnnzRio-§3aucnizin S5
6 (2006-2010), Juiiuniusduniwoncuusnnzain, nUznsunigdiwarusufione A
8 wnmunenjulicngindy inwsodston ftoduloufy fuaorwsutogeulunwdnin
Sna1 war MudungItnt8SunzuInsy MusgIncuududs.

ceudionsuannznio- Siuunign 5 D &3% 7 (2011-2015) cJusesunaulingud
ccmuwom“mcmn“nn aja,uccmja’m 53 ajzn 6 wxz DdowindEiulunudsAdouztine)
deguiinagii 1X U]jtﬂlJEElJOUHj’%Oij”mUO Wetiug nwinonzurzanzfn-F980 way nw
fiucdusngimzna waz N toy mjcm?u‘cauuzﬁmuu send 2020. wuudinnzurnnzio-
aja.uccmjam 58 &30 7 Wonainme dageiincoiiu Wunawdguinfioynngy desn iy
cmnmowueenmnauwﬂau vzanndsuiionzur W 2020 war sauinEsulugsativuanty
(€ gj’mu WE3:3N89 wax nd1320).

cevdinnzuignneRo-&8cmIzan ﬂjlﬂ 7 Usnsudiou 4 ynuzq: (1) ynoe
nAcuoin; (2) Gwnmudinnzuguwzainauuzyn; (3) Swhvn, usy, mnmu
J3Am; waz (4) Gruniugngeuaduyngn. 0J=d3gn 28jEECJ1JUJOZﬂu1J‘1 593 E]‘_’]IJ s
Jztidnninowe mulinnzvigznzgznsn Wi 2015 «az aﬂjwnmucusmn Wediuuzinn
(ugnnzM wazdiugy tov. cct.mmuwmznzmcgmnzm-ajauccmjamaj @ 7 Wnaacdaowe
g&u Gigl:

Q98N ‘ a10owiud 2015

uazcdodigela (Jwdu) 6,9
GDP Tuaiandnady (3winal) 11.929
mugzmerefiozs] GDP (% AJ) > 8
nedM 3,5
a0z 15
ANy 6,5
gouutyzg) GDP 20U (%)
nedMm 23
20K1MEN 39
JaAnay 38
GDP &diofiu (1na1) 1.700
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Samgouna1uynyIn (%) 19
o ' o ha o as N e o
Snmgouzsinsufionnuin NI wdiSunsudiodiseln (%) 80

CYIRYU: NEFDIULIUNIV (1R A9, 2011

GDP tgSunuiuln Sucuun Aidanmets, 89705 cwueuccUUjmuemmmyﬁﬂ
(ulngIundl ey L?czmjmuuamu Sncgou GDP 2932v1ouinz&ni e aummmajm.u 299z
SnUWiawsutfodutiugy 70 9and 2010. ao1UwEeELU ‘tumumnuswaawmmm €
Juygguuzwwddn wovaridSuniwduyidsudiu.

1.7 velowie dGojnpunuducydudiemin

fufiget auy a1 WEWidonzendy  G3uHiduuddouniudyucdiGuiemnin
WJufuwy,  Sonzuiw coutdSisoudigdiiodiy war 3339 TueruounucigT2eIdy
RFueadigno. Wwgogtavsduy, chudinudnzurgn, dntulad was Fwondeu (9ong),
Fiiinguudndonelud  Sosinfiduanlanurawpucnigin Wonunwdgucyitu
dreman. weldlamw Fydodsmwcniginngosiunuducyitudiemin sxduhdn 29
UU 270 vz song EcUutﬁﬁnﬂuéﬁjﬁjauu Muzniusimoulnin was dfncuy
unoaﬂmuaummj&cwmmu fingogeien. Wiaveiiy §o1E8u Qoudiy weinguniuii uay
weiingsudgnw esevaoiniudn cludiid norwsus way aowwiladfio dfiuogniw
nudsucdgdudisamin. four sUd 20 thdsddolagnudzciu aovwdsiniudwdintulag
waz WnInwduniingoses, udy tngnwdudunorugiuindostivie) ww tEduidguer 8ls
war tognuwdncoupuanigin wnududo Bifiugzwwniudyucyitudemin ey uls
ot tEinastiuaoueategeidtuaousuluasduny tnatuesuounudInganin
nyofiudiummanducdsdudhiemnan. venl, F98u HtdSugammnniufodicindy v
tauzegUImdIg0aULU0 ¢ 9UU Q10 N8 GuisumeSunlinoio) 1nnnay twitou wax
twediqedy Hsrnaciourngzwiwnudsucddudhisanio.

gudewor vsfonwiwingol way twediiedy coutdiosy, §jcﬂ1m°|11811
guUdicdivoa ﬁuwﬂUﬂﬂUUjUEEUjOUZﬂﬂSﬂﬂﬂO cOutdIndsucydy wa toajtaun.,mum 3
ondeu. nwnsuld NS 2939Ry mo:mjwmumowsuewwncssmma COumgEsSn
‘Emmnuaawajjajmwunumu 28jﬂ‘11JUleEEUjﬂUlﬂ‘18‘m’lO U U Q10 mm w Sy
Bunzdiv 02“E£U1Jjﬂ°lﬂJ HdunusidanzAo ‘tocme wouISuLzeneUl we Ut
(5100, G8yeanzdm war Uzgadulusuuzdn (Sigzwiz. deudaorUureneiu waw
DoowsuBingeug) 2ojezuminiuni)s 33Eald axdunoiudala way Ind1linesuousy
nyofiunudsucdidudiemin tESuniudnartiueutuluazdus.

Sonzuweny Y Qw0 w3 letalen Adumidunsdiu  2egnaudsucyduds
gmn Ay dluSdotacigg  Hngogssfivognuniudsucyidudhiemin  @alunu
fonzwuududlouaoy  war  Susiluezaninulougzwe.  WedjRouidioiniiu
nudsucdgdudaenin B1tuezuouniouulionz iz, Jonzuidldio nago
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2 2 ' o I & A
o2u? Tunudngnnzin NMudjucdidudienin 299 WU Werduruom S ugmies
TucavdinnzurnnzRndidu culanudugniudionzuiuudud) ey gonsgInNIuauIg
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7.1 91y - - - - . . -

0,35 0,01 0,30 7,45 =

42.758,48  -2.046,7 52,21 0,36 1297 456,84 = °
7.673,78 -

35.084,70 = 52,21 0,36 1297 456,84

(U190 - - - } B B :
(Aun13dn - - - = = = =
7.2. CO, 9inuoua 10.894,63
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2.4.2. mudsuerwiiniSsuyionygin, MuULLLouINIY
2.4.2.1. 2uronjwzdyn

S9mwudnuuzigejnzuegjogzwuIgIn  Nyofiunwdjucdidudioanin, NS
& & ' 2 o PN ' o @ 2 o o
Roneyl  wluiddimaondinudsuswiinSouiio  NwedINuluKIudziwnusd|u

o
a

a: fﬂ.uu Wl cay «fin, 83978 wernmgngmeii wrdigw, sogmenwd), Sud)
(cz SJJ‘:] (Soue), nzdM waz Yatd). TU?”Echle“ajj’IU nudsugiy CO, NSOLUOU
taoud Wi uwgyuliney, wondsuswidclu Co, mnwvajjmaovuau‘maou
S1tuniudmon exmjwLd). mungaoaju‘co?acsnnzglmsaﬂjsaj (r dN29I=zsyINIY
3HH 1 war eadndotd AtdHsuts wnwdnta.

nunudmasacyjdey, nwdsy CO, tfsudigplin TuezwoniwedINu wluUIIN
nudivdgudat. naucdtsidibiugety amnwsudy war Sum woudifontdUsudmon
slisunada 1 ij‘ngUUBUmjmJn goumainIuezN twde YU 210 IuLIRINNIULA
WBwrd9uinan, wigsiy nudsuswin@suaiosenamestoilciuford. nwdse
CO, amnnudiudyud gazdindclufordugounaty sndsuuidntasnnzRn-3iau.

cc@wxﬁmmﬁuﬁzﬁﬁﬁéﬂ U 210 D8: Dy, Dadiy, twih caz qaudiv. Du, wih cas
Yy coutduemuisly, codduindy cazefio couiSradguzann. Wl 2000,
nusulBuwrdipu Do 1.663,2 Alalaungucdindady, Wi IDunowudr 56% 2ojwrdyui
8178 d9ul0, gouindy, YWl cay vty O 18,11%, 11,85% waz 10,80% cudady. Hjau
0y waz wfin ISnmsoutnlgelisugn Tugstoujwsdg.

Tud 2000, ﬁﬂﬁuzﬁﬁﬂcéﬂzﬁjuﬁm 01U 20U 210 D 326.093 Tow. i D145.61410m
cwunwumzaw 102.439 cc.uuimﬁuccsnaj 68.109 cluthdunin waz 522 o clucdio.
soule couDauny cc;m uwucaej aju 6.473 10w Az 3.431 0w mudtiy. NIweEan
Haudive sUd Q10 wludiedeen. wd 2000, tEInwEHwdy 72 ou Wuswa, nju
enwerdndsentdcoulyund 175 dulny (D3%nendurwfivogyua, 2010). ueni,
N&30nwerdnruiiu (RiRucs) Yz 300 tw car Husiudntu 253 oy (gugedi
«mIz0, 2005).

§ytanwuuuzedggogm, wiubuzum 70% 293muumaou (ar 18089 a0
1Ty ouIBuRn130n. goucfotiu Ec.uwucfmwowznu vcfisudingiiy - azmdyes
EoUjeNRWENRY N9, SaouIngdni Ay Hdeite. Uiiunn Reudiplo wlutdnlg
SiFunwduwwly, et 10% @S luesamgidents. Huufivgounie wiuidnntg
S1lueruounuyincggnginem. wiin cay 10Ut coutdinlEuescogiidents. Hriu
Soty Roudigeln wlutEinSaWdREDEIw, doudiiddiuDveudivlisuiniy wax
wrd9gcie oty

0190z u1iivesjdzinn (2004) mndrazddudzuiu 5,6 wlou § 7,5 Sw
U2 WEfn01t8 ueaasd. vend, Duzuay 5,4 3w tau § 7 S U3 wouidinig lunsudiio
gz O 111 fuloy Fuzow 114 div 03 1SS luesangensnyn, oz denmn
wdifeseSnnzdungdm. veny, H1D8uninsudo war nuEoRnwmdmon: Ao cludtd
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1178 iy 910U 9.489 nw (63.620 L3) waz tutdawou 42.146 1o (280.973 1°)
U0 2000. NSl dutdyndsy way LS wouddurum 680.000 L.

89l8nuuzdn war 11T8wR9990 mUeoUINIY QY oznmmn‘tmmammjcmju
EmlJOﬂe”EEUUjZU“ij’llJ thUsyswiiniSausio Auaielo 91Jznwmgmcw11 CO, Buzuw
1.004 Gg. sruouydinio wzdn CH, ccau NO sliguga. cmosng I co U.,.U"m 41,48
Gg, NO, 7,5 Gg Kz 918890210 Gofideoulenu 6,4 Gg, «z SO, DUz 1,5 Gg
(mm:mj 2-3). §35u 33210cd11891 2xwmqwe393u wrd0 Co, cﬂu:}au?my.

2.4.2.2. some

gngneMyied]  HidUsuswdiniSeunriossnidungofiv. nwwrdnddy tEUey
CO, «ay SO,. CO, wuufindsusen Twaudwondy, Wudu: CaCo, § Saniidaly
(wngy Wewrdnne3yR way wrdnnziivesidiy. (be SiO, §) 500RD83Ant 0SS
Tunwerdngdy, SO, NexfinUsusen Mneruoudidiuyy #8ounzyugy Weurdnyy,
39tecEnWWiDnwdey CO, senua. (ennusy way mndzneugeldu tEnd1uitEluntu
GEANN, MUY KL mvaocmn cc.uu‘mUeU9°|Uwocssmmowsunummtstau (Y
gonL1. Nuuzdneny way ieiu 9antdUsuswsinvnnafiuidcludmusenuasy
njofiw.

° & & 2 o P =) ' ' ' o ' o
nu&onaIl (A TEaanta munzuEgIogWUIngInNNJofiunud Uy
#1910 WhMmintd. 2yudwninesn couiduInNNIuRPUNtIugztenigin (1975-
2005) 1z Jo1upussfiigngwngi s1aud 2000.

010010273 2-4, 901ENY 1) 299 FUY 210 wluiduzdn CO, Yruw 48 Gg
u8 2000. Tu, Yruau 95% LuUrRINNILELINS I3, usni, nwerdnd Iy coudiuedn
SO, senuatdivzui 0,02 Gg Twd 2000. nwwzdnciy sy SO, senuzuw 0,02 Gg,
gougngneMmenIU tavidielty wlutdurdn swdjnvmnavfiuidcludeny o
17,9 Gg w3 2000 (01101279 2-4).

Tog3amudzwnadin, n1yIeaIgngnene sUU 210 wluidurdn CO, 31wou
o~ o &b T Y ° & o\, ¥ o
52,8 Gg taz 9wsInsmnswundcluleny ol (17,9 Gg). SO, neadaIuou
siisugn Htdurdnesnidungosiv.

010213 2-4: nudsugrwiiniSounriofglin 91N a0 menyea] (Gg)

o Lol Lo fer | 0

wrdng 47,23 0,02
RIS 0,25 - - - = = =
Gy 0,13 - - - - - -
Yue1gedin 0,80 = = 0,00 0,00 0,00 0,00
189303y - - - - - - 0,02

3 Dy 103 dinfiu 775 nn «ax By 1 02 dinfiuraw 150 N (S3nunzEn cay 9y, 1999)
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9 €Ay Begiu = = = = = 17,86 =
U 48,41 - - 0,00 0,00 17,86 0,05

2.4.2.3. guaouinzdm

nudsusrudinieutfionnesoindn gounwUIIn 6 Srwouidey: nwoiin,
P% & o ) ' [= @ o o o o o
gunoiedn, Ynids, 3007, 308pa0cfion=dmn way Gunzdnn.

D 2000, couddietiyndadipln Uz 510.000 so, 33wiuluacg) dwou
20%. TunmuainaziuniudsugiwdiniSsusio woutdinwinighogunsausisiiniSsusio
28jﬂ“ﬂ“2302°1b1ﬂi]2‘m nyoffunuduedifivihemin waz Gogunzawewindeurio
nuarqnisiisyni@asy tnudInwdncugmsiudinznnesuzanntn 16 (n/02) (AU
gu, 1993). nwand woudiduzRonwdivialuho wlunaweny wavfinsugngd, lou
griry Warqudy, wondiensyunyofivdieftu i, HD8ozuoug Hiney way §jlull.
dogmmonzzdiul tdnnazwdr DUatditag 4wou 5% fntuiel. $duaiinidotd deniw
80ta nudsuswdin@eusio wlutdudutsiEungofiv. vend, Yuw war duyndy A
fin9n feunwniasnts SiaoufIniuannducdiy et iud oidie WigaRu. O197an
8, woned1 woudiddiudariGavcd) nyofiulefivatil tavrney wardinndafnan. &ty
o0t tdnindDuzum 5% 299alaimwou 94.400 s0 (N¥goIngdni way Ui,
2005) § 4.720 s tE§na07u8 2000, 29200 wou CO, tisusennaty. fogunzaueiy
Da@ouusiofiminloy arurgIoguurgin njofiuniudyucyitudeman AtEDeswts
unmvdntacsungosiv.

mmo%jcglmﬁ’weny%ﬁﬂ ccoudydindeAionay ﬁzh’jmmoﬁuz‘ﬁ wazuenbui. Doy
ANy Y Q10 3 21, 213, 94, wr Lhgu ccauguunjonuajc:mcmen.,:lm g
08, DecBuay :na ‘mumumm viludnawul, a0nd1 Ssadieand Jdwou
5% warg1d 10% Hfnanfiud. SonigoutnlEfogu Himdntd lnunzurgIoguuIgIn
Nyofiunmudsucdgtudiemnin cougauinminid awsuswiiniSsunrio.

' o @ 2 o o o Y T & o ' E o
NdsylinisSsuENIINOUNEINT vyl N,O, gidzauiuniudey 2uny
° Q o & I E o I ~ & &S @
Ao tulyndul Wiy urindund, 280, Dogznuijoiigntulyndy war Fy0ce
o o " 2 4 I N b S P '
nzdn, wadeuzuutulydy  PndoKenuiiovd  FjRoudiniudsuswetsiwly  NYY
I & o &S @ = a oo o o o @ 2
@d, 280 war Fxsnfonzdn. Symwsciifesidndyy war awWsusiwiiniSsuuiio
2990:U8J0g81WVI810  NyjoRundjucdidudiemin, mudsuswdinSeucio N
2 & o o as ' 2O ' @ & A ' 2
nguneizdn 21308 2000 coutdantagenul. odndniidy il way Suelutd
o o P o P o & &S @ & o ' Ho o
tudtg lwnwintdaduovswiidsundysadeungosiv. nudsy N,O #findiuiu
° 2 ' Py & ) o 1o A oo 2
ANNIVDITEYe chutdSununinaziusenuisunjofiv tnud)laawouniguts Tud 2000.

4 f12eifogunrmnswiind@suatiofiminloy  azursjogwugInIofiu Ny
wd3tud 210 daind1gIRdu UU 210 Tnetzwr $1uYltdty. $15u YU 210, NnuInely
IncAnguealuazgedy cisméncdiy § .
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W 6 excousy woUNWYNET tay nusinewuludieidndsy Rduaey dud
Tunaudey W 2000. nwyncéte) sUU ato ey CH, sen ludwou 137,6 Gg «az
nnusintudiesdndsy Dlwiwou 1004 Gg (nza1g 2-3). nwdunglsdn wludse
CH, sentuiwou 13 Gg. Bunz&mdsuuc N,O iy senut lnufuzuw 7,7 Gg. niy
001 § Spaafenzdm tEEnlicRiondsuswdin@sucsioluermniicanaiu way
w8 2000 01091 ¢ WU 210 sy CO ssnuzuiu 8,4 Gg uar NO, wuaz NO,
Ususendivousiiously (canza1y 2-3). dibu, 33d1tdo1 8yeanzdmlnuasucdo wluf
duduezcngides CH, senmiunoyendy Wd 2000 way Srdudusedindus) i
voustisuy Ridsusen.

2.4.2.4 nudgucumnmin ity waz Uatd

ezwougl Dzua@ndy Hdnduiunudsusiedin@sucsio &: nwducUingo
Huietiv was goUtddys); nuwdivduditluazdignds war nwdzdy Wududs. deugin
$uu, nudsusrwiiniSsuusio MNAuditidERntadEn.
nudguedatd Ay Soruouswdug  swnducnidey §  Qndudusiy
Gn@ouusiognd lnwBufiunmudininusussnandl § nwguRuSorUougI foudineds
LSy war Sum, By Gtdowndy. $1300 2000, nwynda coutEnUULWO €T 9%
hiiguniIntd. soucmiBoruouguicutd vznsulnwdnts, nwlEhu cay dntiiu
Sa@ou war U9, wididaoumutdtiney Mmnnwnay, nwducddtd way wyIBoy
pougdug $3ud 2000 tERntassnudiunudsy swbn@sucriognd.

nudsuieiin@eunsio deouniudivdudats tWdunawinlgdwsdnsy tood97g
Douuelines) nxursJogwugIn Nyofiunwdyucyidudienio tEEuTnwtdor Juesdd
nuducdindimie Wwnudsuninuesyndsiignlgy, Guts, Aumwizyndongdnnnsul
(Wusudu. unaningenwgueuditd wiy nweadutd, nuEas, Wi, nwyndn
U1 wazlaymudionzuieigg. nMuanaz NMuguRugozuous wiutid tageiin, doqw
jﬂumuauam €z mcmuasgwoumuogﬂmu NIUIVSLSOL UoUIWCIULIRINIEY)
mu@cmuzni nm@onenmﬁ war nudsslicindsy. unazd Uatdgrenada 200.000 s
WERngiudsuctunuintSiecdiedigdy, TJudid 2000. (Hefi HAfndiudyuumnlSiie
(Jowiedy woutdluswtintanwdsysiwiin@eucrio fieusenwnniulniivi way uen
DU war nuclndsuesiBorUousy.

&S O& ' 23 > W o iy & ' ' o as
nuiiugueeydidngu way Autdtudieds aoudy Yatiuy coududsudiu Tunw
@  a =) & & 2 O o) o ' o o Ha o) o
QoZuguninuey. NUENEIU Guzbdomudneusl njofu 3RNWKd «az Jocuz
' @ ' ° »ho ' 2 & & P & ' '
njanumuulel;l:UjmlJm‘ZammuccauUﬂ‘tu wWorwunutd HNlmoguol du 2 nu wwly
20 9 war v, 89780ocusin eslnrursIogWLINgINoTiuNWYIY wdudiemnan,

cyInInusvesdutindada way Yty coutdhudwBntagungosiv.

oa S\ vdha IV R
5 SNNWNYERZIN, NUINHILRGNLIINTIANDT (e eadity
' 2 &S 2y v ' o ' & o v A 2
6 3 Ry NYLONtGPnnIUTIYASats, (20208u waz Y1tgiiaduiiy
warurdnurdyudu
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ndIuedy N I8HEU way it couducgitiua wnwdsy way gndusy CoO,
&135u auU Q. W 2000, Syent) woutdUse CO, Uzuy 42,8 T Gg «ar Qodusy
2,1 @iy Gg. mudsy CO, sougIwu1Innudiudyudiudatd WiuAusy wazJusadru
7% tEuramnuiintd caz mdu. nwgnguy CO, wluuramnduds § deiuy. Srwoui
Qo8u8u cluddrduwsiiss g 1% 2oywoniiveusen. tucdsdudul, nwdsy Co,
2087 MNNWIIUEUINWIERRU ey Yt 3300mdIne MINSURTESIR0.001 (10ER7]
2-3).

nudgucUinuntSHdy car Yatd usnan CO, udo cLudatdUsustuiindu
tougzwe nmudiudsududits was figméda. W 2000, D CH, dzwi 52,2 Gg, N,O,
2wou 0,360 Gg, NO, 9wou 13 Gg waz CO v1wou 457 Gg fsusentatiuuinin
(c1neag 2-3).

2.4.2.5. exaousdynsiacdie

Sunde, Syani@iedorann wax Hudey, nwdndinSmndle, niwanSwndetui@ § nay
€39 ey nwdndn war Yeubudey Jouudounducyideuswdn@ouriotuerimid)
0o, owlny wy tuﬁoesn‘ta WJucfinfua Hurnsugmis oy ﬁ%ﬁsw oL
avlugune) tay cz'fluccmjmumaejevccUUjgljc:mcmeeJ UU Q10. NURMonaI wlutdnou
(S0 auecmasﬂmoc.uej, Hadevamnieniigerns way s« m.umvasjm?ms
numindyrsadie lnugrwy mnecoguarurgnd iEinudzclu deud D2y cay a1
nomdsuswdnciulnisuiign. nwendyy tar enfogunzawswin@sucio way
33z Wdusurdnfungnduogndsiio.

2 s Qo as S 2 & & - @ & o ' a
dou2yulafio, F3tdninnzud emdslufocde) turdnasnut Wwd 2000 wiud
o ' & & @ o Py P o as
223,1 Tulow. aandWzuiu 30% 2932es § Uzuiu 70 dulnu swwntddasitddidnlu
& & 2 o o T 2 ' 2 P P @ o as hHad
suBmietd. #duindesy wlutdninnziumunsufiotudode) way tsypu&ady RO
2 T & Earn o o o ' P Pl @ Q o
Uz1?g. andddsucay 2Ausinvnindiplo coussnuinasufioludocdsey D 4iwou
31,46 diulnuge) BOD (aowwdisgniudnggozind) ad waz 317,8 Inw 293 BOD 0d mu
o a a ' T 2 & o ' P & P s o o 2
A1y, Dwygee 10% esyfdeutivyInsenur wiutddiunswsudunsn. s1Sunwgy
neg1d0 wludiidniudatiog. eyunyofiududeuantsypy Acouditio war Jwgge
R o o & A o 2 ° & & a s Qo as & v Y °
Is99auaEiny $iedw1 g Tunwdgon agu. 83182uud917i0, 33TEINWELYOTIVIIVOUY
) o o o o @ 2 o a ' ° v A o '
19 caz VASfonunzuisdiniSsucio MFucnazUzwn LIt lunmuinta.
' o @ 2 I= @ '
010010279 2-3 NMIVUSUIUNISOUNTD INSLUTIFYINYDY YU 19, 2uioNg
& P ' ' & o o & & T &
g0 thideswstw CH, war N,O. nudsusiy CH, 1nvsuiu, fin2wie way Yoy
' ' ° o o o S ' o &S @ s
cludsusenludwovdidifiy, 838 uazmoy 1,1 ;1 1,3 Gg. muInnw&ysndis waz U
o wlusiqdvse N,O sendzuu 0,270 Gg.

2.4.3 nulsusuiinideuaiiontigintaufiatangucdi CO,
Tountg  Aoguiidnlilangsy  esjnrursjoguUIngInnofiunIwduCUIdy

dhenin, ewiddjufiomios CH, «ay N,O vadufiomioungudin CO,. Q1) 2-5 i
grny Widiy njofiunwdsusiwiini@euirio Tufiomoungutdiil CO, MUKz eLLIUINI
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(e Jzawoeiio.

uD 2000, nuUsuswin@outtiogni 293 aUU a0, TuFomounIui COo,, b
Yo 50 §i Gg nwindidivayey H38cie. nudgucuinuiitEitu cazdatd iy
ccijSUmum noawtgwzuiy 83% 293mjzmo mIUUItoseouINedn1 Jruw 15% esjznj
olin. exwougwrdygn Dut 2% 299dipdn, Sy war snzweRcluduouisuIud
N8N (101213 2-5).

29U:2ncczhjﬂeyasjcccﬁavevcwnjmu cOugRcin. mudiudsududitd war Asméa
naﬂajcﬂuctmjzlmu‘lumwssawwocsemma al2.,ctzmijancchnmm?aou (z Jatd.
muwneﬂmm‘mmejmajj Qe J’]’llJUJ’]Em ccuuci‘]uaejccmjmum293ccmajU9m’m2 oy
n&M. Juniwsuss, enmmumccaunmj nzzjuzlsjccmjmum?nansstwwncssucmo T
2L UTNIWEIPIV.

01021 2-5 nudsuswin@euttionnigin Sntalufiomoumngucia CO, ¢ sUU a2,
2000 (Gg)

Jrunemion (ay QnBususle , o
’“jc B - Ussy CO, | qogu CO, CH, N,O AU
ncSouusio

AU 43.810,68 -2.046,73 6.441,54 2.537,43 50.742,91
1. wzdgu 1.003,78 14,91 21,07 1.039,76
1.1.nudntolicgety 1.003,78 13,23 21,07 1.038,08
1.0xmeNweS39 - 1,05 15,05 16,10
2.901MENW IO (R ﬁs”nj 446,44 8,19 3,01 457,64
3. Buds 441,62 1,89 3,01 446,52
4.2xon3duT) (HeJorts) 115,72 2,10 117,82
5. 31@
1.2. muaufiuesysstu 1,68 1,68
1.c8st(2991e3) 0,84 0,84
2. fu aar afiodiusgin 0,84 0,84
2. snKneNY Iy 48,41 48,41
2.1. g=dnnzducsnin 47,61 47,61
2.2. sngenad
2.3. muwzdnlang 0,80 0,80

o &
2.4. MUzANSUY)
2.5. muuzdnslanuay (ay

Sul (Snawsts
2.6. nwBuigstaniusy way

ZullSn gusis

2.7. 9u3
3. MuUUITERIUQzY (Y 5.279,61 2.326,73 7.606,34
urdnnziivdwody
4. nz@m
4.1. mwoin 2.108,82 2.108,82
4.2. nwéunelBdn 273,00 273,00
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Urnugiden «az gnSusueny : <
Sl Usy CO, | qogu CO, CH, N,O U
Ynrseuurio

4.3. nyncé
4.4. Bunzdm
4.5. 101
4.6.900fion=dM1 (cd197)
4.7. 51&3
5. nuUgucUInwinISHay waz 42.758,48
Yatd
5.1.nmudjucdizegditd 7.673,78
way Uiy
5. 2 nudivdyududatd  «ar  35.084,70

U’IjU‘]U'I
5.3. Guds

5.4. mudsuuazgn CO, Tu
Gy
5.5. 819
6. S0
& & & o o
6.1. nmunuagsnINUY
6.2.nuiomubutisy
S @
6.3.muUINI IO
6.4. ‘é’ui]
7. §u3
7.1 snfiy
tBuN1391IMIN
tBun13dn
7.2.CO, mmnuouY

-2.046,73

-2.046,73

10.894,63

2.889,60

0,84
7,35

1.096,41

1.096,41

50,61
23,10
27,51

2.323,72

3,01

108,36

108,36

81,27

81,27

2.889,60
2.323,72
0,84
10,36

41.916,52
7.673,78
36.289,47

-2.046,73

131,88
23,10
108,78

2.4.4. 3unjumuingonsredaSeuwiio 8 1990 waz D 2000 (CO, njutdii)

Tudwou 24,2 Ty Gg 293 CO, njuthr eonudsuswdin@eunsio WD 1990

cOudwou 71% cluurngzeougditd ©as 24%  U19Ingseouinedn,

gouesiog

w399 UsswIInaoy 4% iy way sam‘}’]czﬁs CLULIIN2LUTYIDORNENT (L &3
0ce (su 2-3). cmmmlew niudeugisiiniSsuciio Wl 2000 wluldzuiu 51 div
Gg 293 CO, mjuczm nudsugiin@ounsio wuutddsuilugudiudiuou 2 cmﬂ‘imm_jzno
230, SnnIgoueejeLEIuIingg YeNWINNLEN war Yatd cludwdfiuly 2 taud (su
2-3 tay su 2-4). Somgou e9jexangltl tdsuuBudy 83% D 2000, sousvioy)
nz&Mm coutdpndguacdy 15% Tutagzngoriv Tu. nucluBuesruongvats goumy iy
U1naoucnnan) lumuduyoniuiunuongugudigisiiniSsuciozs)genditd W 2

&
[T

f o @ % o b e ' P
NIUYsU1IuUNISOUIUND MN2STVIWERY )1 U].USOC'V]?\]OU@OQj

280 ¥ o '
g Mdicdivdn

7 Tu0 1990, tuzDudr Yanurgingodugusiuilio gndiduuon war SX3uTud 2000 wiw
18 Uzthugenuidl thQoguguswiingnd dugy
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Audclunudrnsugougsquwsdipudiiocny  wedutSurducludiudy,  @Wuducdy
nudionzurtwdnindn caz nwinlSwedsuamBoruougiuesizmn. g19058, N
WuSuesjeziouidity wludtderanWidiudinuidiuuesjnorufiody HiaKeRts
29yzinn.

su 2-3 nudsusreliniSeuusiodiypln ¢ sUU 210 nta CO, Wwionioungucdin, 8 1990
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nwdymﬂgmuﬂﬂéﬁﬁu was Untl
B3%

2.5 nu3ts vzwnayyesfiud
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KOUINIUEeY ADUHY NwinyIuzdnaneuduadiv. venl, wouditdaoudr nwdvcdy
nudsuelinEeuaiodno 10u83la3eutaiil way 0D excougUts.
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0z ccmjmguau 1 Jziun e ﬂ’llJUSEJ%lOU]?Bj?”EEU]JjOjTﬂD D39wou 41,9 div Gg 299
CO, ngucia. EEijlJf] Ul 32 dzwn Uﬂ’%ﬂﬂ?”ttlﬂJjﬂ"ﬂJSU ajUSernjunn‘Zumuou 8,77
iy Gg 299 CO, znjuczm (su 2-5)
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vwiduiicur W0etdgeyy ngfivuwecdy (Rudolf et al. 2010). nwdng1 nay
Ujunuizeqtutieminiiamwos loogzwiz wdone3nh 20 woulsnoiudiudzd vy
(T QUMW FiU TRULo.
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DuRfningounivy sud 2w woudidingzuztiu 2ulu 20 T tawwr (1992-
2009) #cdiusr & tudnnideitodunoy. tuditition neusiniy (neud 2002) wlulsiisy
N1 1.200 nw2. Sndauoty, Wd 2009 ciindiy, Dfgoumwnads 2.500 nu? (su 3-4). 83010
gefifieeinzgoinydnants, tutifnintou smwry 5080188 W 2005 woulyrwdindiu
gewwbuiimSuiicin2ulud 2002 (Hemudunsytudiiothiuzgan, 8 2005). 2mniy, 33
gj.,mU‘Eoﬂnumnaumauasmwummmmuccuumem owitouindinBuidey §jand
1986 cufiuu war Dingzusaiesnaw Uiiozmna.

P P ' a &a&& ' &~ a & AL o 2 o @ '
tweedigesy couBnti2undai way Jaousuesigiosy fidiutdiu 3 fngzndneiw
U1 §9mu2yunniugnliu «ar 9tinnein, wad 1995-2005, twidijedy (idngsussy
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wsI2U 1y Jouuzwuiiuzucuutndnngd lousswis, sunsyuigitndnned fioz2uly
Py Py P P & o P @
0 1996 wax 1998 HitdEnWiDtwadiyndy Twugbui aoudigendiovmisinejtes iz,

o

su 3-4 Hetidipln HtdSudunsfiuamntuitous) sud 210, 1992-2009
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wISyu: Stanéyu EM-DAT
3.3.3 Soavionowszwingudsubug

WsPrndngneegiiy war sunzyuUiavy 4 fngzm3agauu 1EE Wiiuo
wonJulniggatusy wezudin. noluRumwEuSudy war 230 Wiaurtuul thgy
) teicdiuetiy BunsdivTugsaougniucngg Qarduiicnnasiv war D8adfinnorugaun
SulafiuBunzdiudimio €13m0JNe.
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39798y EM-DAT, twingou &Enldidaoiumomey vruw 50 Swinavy/d.
0DIUIFLMILIIN LW TN ISUS VIS couenc]y 20 o (fiegnw gunsytwid Jowmy
210, 1996). (TjjcLud ‘mumnauaum‘msuwun v mntwmwuammcmnmjnumwm
193] Sdiuadangzuzitivguiiouy (su 3-5). lowsuay, Dfou way wy tEEGY
grfiougfuuziu 2 ugudy war Snldiweddn Uzuw 408u/0 W sud 210, twiddio Hice
e 1093371013 9Ind1Bucsumiudiu 1% 299 GDP (nzu1niulan (ay Simulsnzyzga
210, 2010). D 2009, wee cnogrow &SI TR SUU 219, Ny B0tAtdULU
57,5 d3wlnx1 8 Uzwiw 1,1% 29JGDP 293dzinn (Jnnzuiy, 2009).

su 3-5 oudiuaziiei HAdEuBunzdiv RIntwhiuzgin (D1tou way wiijnds) ¢ gUU
0
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wyI2yL: 3ten2yy EM-DAT

twintou WE&dussdioudwdy difisudigslingnasaouniy, onzal) 3-1 oy
wiugumipniitouficinSuluazmdnd 2005-200812, Wuduaviddr widnhwwzgin
Tougzwizingol Edndumumeudigiens) afiunuiinnzuigonsfio-38u 299 guu
210. TernouIniuedn, Bu nedni, touszway 81 HidueranbuaitdSudunshivmaie
nowy. funvfivdwnst coutdSudumuniwormurymogzon Hiiio2ulud 2009, 6
[RUMIY €y awuy couggrelugneseo (o 219 3-2). excouiitdSutunytivne

12 2uUtdRNweuNNednicazdatiego), negoIngdni war Jitd uar S3nwiune) wiidn
mMIzI0.
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couDezcoinegm, 8u8), 21, Seugiu tarardugIwd). nolUEUMIUSsIeLIINIEITD
cludmIundt 80% eojnoruumudijln. Sdudunziiv fidSugndiv woueniedu
W ocay ewnwdinlg Hdudusetieud8dausdy esjrgiduniwiign. venl, Acly
Hum 2ancdungRndfivlanuiouen Syienoiud1 HidSuniugoufievnuiwuen, dou
di92909 Ay LU

ndzcDudnio WS Wisiudr Urgiduaio Sddiudaoiunjulisutdd wwsudiiu
wdunzaw dnwoemin louszwztwingou. azdudeutwiopitilurdnduclu D
no1udEuuazdunwduastwiidn, 8inoutdSuniuarsiugroyy d1geelcs]. norUEluey
TumuwzaIinsusNn cUuinoIwsdiy way Andivgzlncoliviiuniugunsytwidn way disu
U Anoutdidtalalunudnaowsuwin WilzgBunaniesuaoldyintuiidnniuzgo.

n1N19 3-1 @unzﬁumn‘cwﬁﬂﬁau muscougniv «id 2005-2008

a,
’%‘HJO]JEE?O ne

GSutiu
Ywouc Do téSudungdiu 84 20 27 26
SwouduitaSutunsiiv 2,510 404 614 664
(Sauiardiu
wouEauiitdSubun=iiv 13,549 25,292
Auovfuitdgudunziu 480,913 89,849 118,074 95,157
Youfuiieusdn 2 3
Nz&m
viRgningou (so) 87.724
viffncgeme (so) 55.955 6.913 256.778 28.517
gouiifinitiou (sn) 491
NMUFUIKLTO 14.941 298 343 702
MuguLSndn 5.912 74.980 995
YoutejUicarniuds Dy dSudunsdiu 4.289 168 136 44
YmouteIUiarnIuls Dy ineunie(sn) 609 98 1.000.000 356
103213
YoulsIsIuRtESudungdiv/moumey 102 13 11 63
Ywouls ol tdSudunsdiv 3 2 3
wounzmIni tESuBunsiiv
YwouBoitéSudunsziiv 2 3
YwoudniitéSudungiiv 2
YouenduazusniuitdSudunsiiu 1.421 259 29
’l’ﬂmouc20éuazU:zﬂmz"ﬁﬁmsumw 117 23 48
asﬁmzdzmmz‘}’]ﬁncaumw (W) 15.124 8.000
arfuazuwitdSudunsiiu (u) 53
Yroutindiifinunie 929

51



Arwoui Widuiincemes
YwoutihivzgIniifineuniy 1
nyRtESuBuniiu (nw) 225.726 65
nyRGnRumIs (nu) 4 314
SwouBeifineuty 27

gfuunis caz ot (10a7) 28.565.000 0D o] 4D

w2y NegoInzdniuazditd way degnugung) widnemIigin

o o~ 5 & A oo
nI0ER719 3-2. Gunegdiv Anwrymagzodescouniy cazaduy fdacdu W 5
w2ogwInld (FenSuuzien, MAzsy, 1WIEN, (gne) war Sanzd), 2009 (1na9)

ALAL9I0 WU SURLMUERT NUFUIRY iy

(S9u (wow) 3.178 8.644.353 17.599.647
Is90d (9100W) 39 1.251.373 1.103.088
183530 (A1WoW) 266 1.049.288 3.831.865
nedna (B0 56 , #0339 32, Su912 ) 17.660.000 15.000.000
nudiarenaImen 3.773.435 4D
NS AD) 777.941 0D
n19Y3 (NU.) 1.843 17.470.000 14.180.000
tnazduuzuIdu 3.,080.000 2.900.000
aﬂvﬁj 3.230.000 6.900.000
Dzdicazeruty 566.000 533.750
AU 54.422.390 62.048.350

y 'jé Yu: sUd 212 (2009)

gnfnnougwInSud Fuszwiwniudsucdidudienin 299 U1, gouime
coudnnivteddionghiuegin, Wudy witou way twadinds. Suigumosusinmos
€Qr N9IUEWIS) CUUFOUNRDINIL InchnsudSyeanzgm, (Soue), g, Byenniu
O3nwuoudy war Wi whungdm war gonydnsy HfdrdudidSunolugmatunon
WINFOUSU Qs ysni, ﬁﬁevccwmm%uﬁﬁnﬁuﬁu Byr20nyd MittdSunoiugytuisy:
Suwzomeul, Begwnwsudy way NWOINIWNIEUKNIALULLN.
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3.4 nudjucdtudemin® ¢ aUd a0

edetiouuEonwiivéiodtadunytiy smmvdyucuitudtemia,  «at
ODSyutiun  Nyofiunuducddudienin  (cuudRegbunIy)  war  nmawanay
EUﬂ’lUUjUEEUjOUlﬂﬂeﬂﬂmcfhsumﬂﬂ (ceudiaegtusyrdn) war SyunJofivdusdiou
n98uTueuLT  Oezouniucny  dwndunguiivedo,  Sunsfiutienningutdein
nudsucdgdudiemin  coudeyidSunwdudy.  WiedyfionuuiiasiniyofiuniudIy
cgdudiganin eszwifin 13y YU 2190, wLudietdnIls Aotuuaiasizegniuducdjfuy
dremanlulan fitduirindocuy General Circulation Models (GCMs). oS tinoa
i’Jcci'Jleu‘Z1m°|uéﬂmaooswﬁnc%succﬁa@mﬁj, U 10 wlunoutdinlgfiocuuaagime
¢)2999n GCM.

ngngicuuitaenudjucdidudheinines) sUd 210 @ty Sduiiciutd
0 17 gzl cay 2yuan GCM 14 Twkno luezowin 100X100nu (Hogind, 2009).
DAocuuiiagiiunwilyuy war Gocuudiasimudsuswin@euwio 2w wwu (A1B,
A2, B1) fitgInuintg S lunwdare (ngg, 2012).

Tmam‘iaauummum‘cﬁ 13ud 1991-2000 297 UU 719, c:uumasajesjwuaﬂmo
DU 'a’mmoccuu GCM azr foguarmeny, nudisen ey nwezmery AtddBucie
Lcummsajwumuasj SUU 210 13U GCM 0139). Urduawinduadsy T 2 tauy AEDS,

U1z, gaudtey 150D 2021-2030 waz 2051-2060.

Iosaumjumoccuumasj’]mtﬂu T 3 fowvuiiag) 293m11U999ww0559mmo Qe
maccuumaejwumu t.mzn‘cmma‘tmtmumanguuymﬂw AUU 210 auuumuUjmchmw T
ynawIn U 1-2 fAogzn3ndoti (su 3-6). 137013, ‘anjglomzmoou, Ingzuzniufinesy
B0y 910 Inuducdgne. Haduduwinaie 010919:gnA, Fouwnn1INDneInfiu whe
Duzduwdudinoiisuna (su 3-7).

J’]’|1J5\E’ﬂJ’]’IUﬂj]JEEUj?Sjﬁ’Iﬁ]lJE’I’IU&] QNI §‘Em”cﬁiuo’°|ﬁ°|ﬂ]u‘iuéﬁuﬁﬂ 010919 Inwd3u
r;ch mumnapmmﬁ]n mmo‘to?w‘cayuewmu (e mwznzuusm“maﬂ ?mecﬁmaejuvczno
a‘imcmuawuemcsn?mavmﬁ]wmaﬂ‘cu Su0, wluerdifugstisudniuzdansdncuuds
(Oue) YU 210 e,

Butdsuloudiotuado wovartunwmudnawusninludeil € UU 210 9N
ﬂﬂUﬂﬂﬂﬂuEUQuﬁUU’IUﬂﬂj PN TERocuy GCM 91wou 7 €93 (Ause, 2010). Tuniu
SNy, 0107 mti]u‘lumm Qdu cosw 5, ¢ moaj (A mt‘l]wnsuayoﬁ]u (Bow 4 «az Twding
azqfudou 10 wivazuBy. Sulclunududni9s) zncmuummmuccao?ugomumonm
20 &dunueneotuazQidy watisy 6 o oy 10, UﬂjCZﬂQ.UE]O’lJJ?)jj ma:qﬂ]m:ummu
axq wludy, Ddumiwudeu 4 woddusisu oy 5. nwducyizegtdy Sedudum,
s18uye (Lefroy R. and others, 2010).

13 Suidugrdadiouniuducdidudieinin oo niudgucdjudaeimnind nadgucdsduda
o110 Bndivloufi] car m13deu HuRnariesjuzyn HidBusvdieutlndnesisuivumningsilan
(e Euiéﬁuazwﬂunﬂuﬂjuccheejwueﬂn’lozﬁcﬁuﬁ’lUﬂ‘cﬁ m::z;jsntomz‘}ﬁﬁumju‘fﬁ .

14 Qwarejnesigyy way 3finw Jgdin ngg, 2012
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su 3-6. n1m’leJccUjeejﬁnmusmuzjjmwjeejﬁﬂtﬂn?uwmz‘ﬁu, 2021-2030

ATH I0T -0 Al T2 200 BN 302 130

ATH 20E- 2080 A2 TS0 I BN T80 - 20

o teno1udcueueeIBunIudimnasn,  luidnilsfionieeidngsusducy
WNU GCM iefingsunoruaiusugsnisgstutoinaiu. nudnaadne tEdanio
mg2eIMINduCUUs gy (S1vsdluBy § g0?) 010 14 GCM &, asdiu
aoLUeY TrtRsfinneeIngucy) oSy tHonnfocuusougie § digelio
ucuongofiv. mudtacludWwiavsfiy war dogtdSanmwdnsutionsitenorudualiusy
&

AL.
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3.5 8odfinaowaunSud was nowwgy) devwwnudsucusGuds

2110

Wnumbowinnzniududo  dafiugzwwniuducyitudemin neuduila e
tSonwdziivgnafinnoiwginnsud fugzwwnudsucdiduiemin@onsy. 80
finno1ugIU08uD0 clutdEundudulostils 3 Suznsu &: avdiunwuddio, avdy
00199V KAy Arfunorugiuindufio Erfiugzwiuniudsucyidudhioniots. waziy
#Darduniuddio Fuaowussutmo fﬁgjj war Jazduaowwsiwin Wwnwdudod Huawd
ducLudBnafinnorugiungiey, waziy Hdaztunuadio fiu aoiwssutmoidl way
Dazfunowsuin Wwnwdudogy duerfsnciuiBndafio aorwsuwinsise.

3.5.1 gnfinnoiwgiwnsulfivazwwnudjucdsdudiemn

nudngy aUd Q10 tEFdnssldisnoiuusuul way aolwswIndudo Sud
Aogzlnoiussuimoarniuaidin (Sensitivity and Exposure index -SEI) «az G0z
Daowwgiwindudio (Adaptive Capacity Index - ACI) teogzuniWitdiu avdiunoruusy
U1 Ay nowsundudossstiv € gUd @10, HadwlEngeD SEI g3nd1 nSjlaowayigs,
Hauldnzel ACI g9nd1 ndidaoguIndudoniunds.

ButdSug Widiudr Dutceodiwidn way vrasugolnIyIvtiiui Ddwii&ns:
Tnoruseuine waznwdiogundr 0,5 wdnmgoudiey. weojduluzuwmiigondes)
g § yrondtiu fdaowusuur warseuino/Inwducditonngzwww sl
nuducdgngwnsy. Enduunnazd, ceoidnwdwil dozzlnowseutno way
nuiingy coudwidaowgnungy (01019 3-3).

M0zl 3-3  YsiwnesInao) 30U A0IUSeUInD (A 0yl niudjucdle) Ul
12

Iy
dziwn 3299

bHa 2 b '
(209D 0-25 293t inolussutno way ..
1 e . UIEN, Veasuyd)
0020 nwdgyucdg > 0,5

«209iD 25-50  2o3tuiilnoluseutno tay U301tg, H1U0U, ALY, LMSUVLEN, (207
Gingzd nudsucyy > 0,5 2393

«2037D 50-75 2oyt Daoruseutno way 5 s e o .
. , Snnzd, vario, Hodiy, tguzyl, 833201
0020 nwdgjucedg > 0.5

«209iD 75-100 293dwdigliniiDaouseutmo . R L .
4 - , goIuIN, WowEwI), 90Ute, (3993, (3N9)
((r 00U nwdjuedy > 0,5

o a o ~n EO v o v ' L a
99011 OO/ novuswIndudio aTmCmUO’IU’ﬂJ (LT ((22IFDUYIY (LUUUODIUIILIN

M1 tunwduforgifivgzwiuniuducdidudignin. fadoseliiu witiu 1, die UU Q19
' e ) & o @  a Oaw o o
gouye cLulnoiugiuin BiezSuluiutuidnniuzgan. muceoludzwnn I 75% 299

15 AUAL9IO ﬁé.guﬁﬂ ngg, 2012,
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2
s °

2 b oo o o~ b & o o 2 o s ey
dwiDiogzdaowswindudo g 0,25 33Tl aoud wzo3dnn:d, duifo, Hotdi, goibi

I, YoJwrul), 90Uy, (3993, (N9 (A 833207, JwIjOuznsumojojysy Jdwsisy
' S & P o o Qo a P > '
nd1 tiggousessdwiguin Ddngclnorusiuindufonieundt 0,25 (001 3-4).

02213 3-4 Yziwn293weo) 83mu Goslnowsiuindudio ¢ sUd 210

P2y
Jziwn 3299

©203tAD 0-25 % 2o3tiwii Ding:DnorwsuIndy

A UZOSUMD
fio digulia > 0,5 293

&S 2 haa a
(2030 25-50 % 293dwnidogzinowsundy

2 AN 1001, (2030333
6o nguin > 0,5 333
3 «2091D 50-75% egjtwiidingsiaowsindy  O38tg, 4wWEn, 1ardy, stndunen,
8o dielin > 0,5 tgusyl,
S ) v o haw a o 3 b s o~ o 3
4 (293Nl 75-100% 29901ut19si0nUOnge a1 snnzd, Uuno, Uiodiy, YoIun, gojwsull,
uniludo digedn > 0,5 o0iutg, (3293, (gn9y, 231297

Goged 2 Gotdfinnlg TunmwdzidugnaninnoiuguinsSuifiugswiuniy
Usuuiduidheanin  esjdimngntuesueniioduinn.  JwiilEngrlnoiuseutne  way
Aogzlinwuiliog) « Sogedaowsiundudodn wduiniivsuuigdgzwiuniuducys
eojuuenIn Wwhasliitoy, soudwidEnsrlnoiussuine way dngrd nwdbods
war dogrlnowsivindudos) aDBndfind aorwsuinSulfivgzwwwingou. nwdy
cDuBUWicdiudamunadr 4.800 dw § Yzuw@giieesdndipln® finzaeuyneeo) §o10
Sodrinnar uaowswinsul. Junwesy HdGwne B oy HdBafindRgn woue
weoymogwzUty, B339, 9futs way Hodiy (su3-8).

nudzclugadfinnowsiundud war aowswindufo  BifiugzwwniudIy
wdgdudremn € WU Q10 tszguan (B ddunsfiunniudiucdy dudiemin 8Ty
dJoqdy, sUd 210 NHdwluindfinonoruiuing) lunusuifivgzwiwniud ucdjtud
9110, tougzwi Gffugzwwiwintol way twadigds. nuEanzdn, tougzwir nuEn
V1 Ay gonzdney flsBugniwaiiedBu couezdudinoiugimanomwngou
Su. lnuiiotdudo, asfiunorwynein woudadufiunwiBnifinnowsiuingy wnwsy
Dffugrwiwnwdyucdsdudiemn way Daorwsiuindu@oriioy Bafiugzwiniuducyitu
wrganan.

16 Tu0 2005, Ddwdigelinly st € 10,552 dau (Ausefid, sUUato)
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o o A oo ha a o a o @ '
su 3-8 MwoudwiInTuuzwnnd 20finnowg1uIng] Tunsuinuszwiwniudyucys
Audiganin, I0mwe0)

902UV
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sooed
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3.5.2 aowdjsmnniudivcddudiemn

n01UgJIINNIWYIUEUIRudhe i coudufiv  aowdutytdes nwcintuiiin
nNgrwwnuducdidudiemin way Badrinnorugininsul. 150 U 219, JwilSn
fionawwaorwswinsud Gardwiv coveedaowssmme Groindintuddoanszww
nudsucdgdudismnin.  onzaigesinoIudy),  sjsuiiuaoudiututdesjusfinnuiil
mnmﬁj%cﬁn%u (Y Guaziiouniuul EE.LJlJSlﬂU’lOé’l’ljgiJ\fﬁ (twy waz Taufiugen, 1995).
SRcgno  cougwniild  Weuzduarfiuesinoiugy)  MNNYucUiesjyueInIny
doq0v 1y Tuszwiiingsjdinumy ¢ sUU Q1o.

001UF33INMUYIUcIdudiomn udnqdu: Yneeode SUY 19 udsiBuiivty
D1fjou wartwediied) warduiicondfiv (su 3-9). Gunwdzclu 1E8 Widiud sougy
cOuDnoweyI9) Mntwingos way twudiyd) (su 3-10). weosiivrnsudoudwidaoly
g3 wingoune Jensul: ©e03ggIeon, gney Ay Sanzd. Sduneoliiinsudioy
dai Daowgggan twadicdmie Yensud: weojgzmduuzien wax foliu (su 3-11).
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su 3-10 munzatw293d MmuUnoIws3jRInnIudjucditudisinio (lwitol was
twecdigyeeaq)
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2392019 2393U rdiouuzian tioliu &N A
(29

G taSucLuafiunIudzcIugnNNNn0UKIWINSUD (e aowd sy twdignsyt’
298 Uicdius1Snngouesjnsufioduounogyy coulnolugyIantuadisedy, lnuszw
w203Jwinniy war winldesjdung: «203iguryd, Ixnduuzen, O10U x9N
(ogus, 2009) (su 3-12).

Gatu, nmudzduBodfinnowsiinsudesytweg sUdd Qw0 @S Widiusafisu
undwwsludzann tEigavsioge lwnwsuidfugzwwnmudsucdidudeeinin. aiuniy
axtu e lgrwwsuesiguiulusznfin $13u 3 weoy idnowsigIdtuiitol way $135u
6 (207 HInoUg IO twidild). nowdy) Dusiesnuwee wnwle ;1 wInld maunIaL
(ORI,
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CHAPTER 1

NATIONAL CIRCUMSTANCES

1.1  Introduction

Lao PDR ratified the United Nations Framework Convention on Climate Change
(UNFCCC) in 1995 and the Kyoto Protocol in 2003. As a party to the Convention, the
country has actively participated in the Convention process and submitted the First
National Communication (FNC) to the UNFCCC in 2000 as part of its commitments.The
FNC summarized national circumstances, inventory, mitigation measures, and financial
and technical constraints and support needs.

After submitting the FNC, activities have included development of Enabling Activities
I, a National Capacity Self Assessment (NCSA) and a National Adaptation Programme
of Action (NAPA).

In 2008 the National Steering Committee on Climate Change Strategy, chaired by
the Deputy Prime Minister, was established to formulate climate change strategies,
programmes and projects for Lao PDR, beginning a critical policy process. Under the
National Steering Committee, eight technical working groups staffed by representatives
of concerned line Ministries and stakeholders also were created. The Water Resource
and Environment Administration (WREA) was designated as the national focal point and
empowered to coordinate all climate change matters; it also was named the designated
national authority (DNA) for Clean Development Mechanism (CDM) projects.

As a result of Lao PDR's special attention to climate change within a broader global
perspective, the Government (GoL) in 2009 revised the mandate of the National Environment
Committee, also chaired by the Deputy Prime Minister, to include climate change in its
duties and responsibilities.

The National Strategy on Climate Change thus was approved in early 2010, with a vision
"to secure a future where Laos is capable of mitigating and adapting to changing climatic
conditions in a way that promotes sustainable economic development, reduces poverty,
protects public health and safety, enhances the quality of Lao PDR's natural environment,
and advances the quality oflife for all Laotians."
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The National Strategyt served as the framework for mainstreaming climate change in the
7th National Social Economic Development Plans (NSEDP-7). Within the NSEDP-7, the
overall goal was to prioritize both economic development and poverty reduction in the
national response to the impacts of climate change. The GoL also is pursuing a policy
of working in partnership with international organizations and other States to develop
capacities in this regard.

1.2 Geographical and Physical Characteristics

1.2.1 Geographical Characteristics

Lao PDR, a landlocked country sharing its borders with five other nations, lies in the
lower Mekong basin of the Indochina Peninsula. It stretches 1,700 km from north to south
and 100 to 400 km from east to west, for a total surface area of 236,800 km? Some 80
percent of the country's land areat largely in the north, is mountainous. The remaining 20
percent is low plain lying along the Mekong River and threatened by annual floods. The
altitude ranges from 104 metres above sea level inAttapeu to 2,820 metres in Xiengkhuang,
at Phoubia Mountain. More than two-thirds ofLao PDR's people live in the south and central
parts of the country.

The principal waterway, the Mekong River, flows 1,898 km from north to south through
Lao PDR. Water from many small rivers or tributaries represents a vital natural resource for
national social and economic development, particularly for agriculture and hydroelectricity
generation. Agriculture is the most important economic sector for the country, while the
generation of electricity from hydropower serves as the core of the national strategy to turn
Lao PDR into the prime producer of electricity for Southeast Asia.

Based on altitude, the country is generally divided into three regions:

. The mountainous regions, rising over 1,000 metres above sea level, with high
humidity, average annual precipitation of 1,500 to 2,000mm, and temperatures

generally cooler thanother parts of the country

. Areas in the mountain regions of the central and southern parts of the country,
with an altitude generally between 500-1tooo metres, high temperatures and
average annual precipitation of2,500to 3,500mm

. The central plains region, which includes the alluvial basin of the Mekong

11



River as well u its principal trib'Dlaries, with 11opical temperaturea aDd
averagelIDilual precipilalion of ,5S00to I, 00O0Omm

Figure 1-1:Map ofLaoPDR

Bsse Msp_: Lso People's Democrstic Republic (LPDR)-

TonJc/11

i I"f .

| T i'éi;;

Lao PDR.'s clim.BW is grBtly iD'lualcecl by 11opical typhooDS from 1hc soutb.wC$t aDd
man.s00!IS from the DOitheast, resulliDg inheavy lainfall and high humidity. Tllo cowtry's
wealh« eskxyuarfissiii two distinct simsons: the wetorrainy season fulm May to Septsnberl



October, with a mean annual precipitation of 1,300 to 3,000mm, and the dry season from late
October to April, with average annual precipitation of 1,950mm. The temperature generally
ranges from 20 CO in the northern and eastern mountainous regionsand on the high plateau to
25-27 CO in the lowlands and the plains.

1.2.2 Natural Resource Endowment

Lao PDR is rich with natural resources, with the most important being water, forest and
mineral resources. During the past three decades of social and economic development,
utilization of these resources has resulted in substantial lessening in natural resource
stocks. This section summarizes the development of these resources.

1.2.2.1 Water Resources

Lao PDR is particularly rich with water resources, including the Mekong's tributaries
and countless smaller water bodies. These tributaries contribute greatly to national
macroeconomic development as well as livelihoods oflocal communities. The Mekong's
12 major tributaries in Lao PDR supply some 247 billion cubic metres of annual surface
runoff, representing 35 percent of Mekong water flowing into its alluvial basin. Total
available surface water resources 0f332.5 kn?® are the equivalent of more than 55,000 m?
per capita per year. Nonetheless, use of these resources has yet to reach its potential, with
only 2.8 percent explored thus far. Moreover, hydropower development to date stands at
less than 10 percent of the estimated potential.

Water demands in the country remain low in terms of per-capita public consumption.
At the same time, development of water resources is particularly increasing with regard
to hydropower and irrigation systems. Overall, national water resource development
continues to be a mix of opportunities and challenges. Strengthening of an Integrated
Water Resource Management (IWRM) framework will particularly be essential to support
the broader goals and strategies of inclusive economic development.

The IWRM approach was largely adopted in Lao PDR in the late 1990s and has been
mainstreamed at both national and sub-regional levels. In 1995 the GoL had established
the Lao National Mekong Committee to coordinate policies, programmes, strategic plans
and studies with regard to Mekong development projects among line Ministries and other
agencies. Two years later, it also established the Water Resource Coordination Committee
and its Secretariat. This committee specifically coordinates with line agencies at national
level in developing strategies and action plans, programmes and regulations necessary
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for the planning, management, use and protection of all water and water resources.

To further strengthen IWRM, during the past two years the Water Resource and
Environment Administration (now Ministry of Natural Resources and Environment, or
MONRE) has developed a National Water Resources Policy, Strategy and Action Plan.
The draft policy aims to promote a comprehensive approach to sustainably manage water
resources through stakeholder participation and assessment of the negative impacts of
socioeconomic development on water resources. This policy is expected to be implemented
by various Ministries and sectors under the coordination of the Lao National Mekong
Committee and inter-agency bodies at basin level.

1.2.2.2 Land Resources

Of Lao PDR's total of 23.6 million hectares, about 17 million hectares are protected or
conserved forests, 1.8 million hectares are production forest, and the remaining areas are
agriculture and other land uses. Nearly three-quarters of the agricultural land use is paddy
land, with the remainder comprising other annual crops, fruit trees and grassland. Shares
of different types of land uses are shown in Figure 1-2.

Figure 1-1:Distribution of land resource by type of use, 2009 (percent)
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Very recent changes in agricultural land use require special ad urgent attention. Evidence
from the north of the country suggests that maize is replacing upland rice and, indirectly,
reducing the rotation period of upland rice plots. The area planted with maize nearly
tripled between 2005 and 2010, from 86,000 hectares to more than 212,000 hectares.
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Critically, such expansion is frequently followed by planting on fallow land, substituting
other crops or encroaching on forest areas. Because maize is planted in the same plot
every year, this is exposing the land to high soil erosion and unsustainable use.

1.2.2.3 Forest Resources

Forest resources comprise one of the most important renewable resources in Lao PDR.
These resources help regulate surface water runoff, preserve hydrological systems and
protect watersheds, while contributing substantially to the national economy. Forest
contributed 3.2 percent of national GDP (National Statistics Office, 2004); this share
would have been higher if subsistence use and processing of wood and non-timber forest
products were included. In terms of energy consumption, charcoal and fuelwood are the
dominant sources of energy for cooking, even in Vientiane. These also provide heating
during the winter in highland areas.

Forest resources are decreasing rapidly, however. About 41.5 percent of the country’s
land area was covered by forest in 2002, compared to 64 percent in 1960 and 70 percent
in 1943 (Figure 1-3) (Ministry of Agriculture and Forestry, 2002). Moreover, in 2002
only 20 percent of the land area was covered by dense dominant and co-dominant canopy
trees, a further warning sign of deteriorating resources. Other changes in natural forest
encompass not only a reduction of quantity and the structural alteration of forest land, but
also the decline and extinction of wildlife and biodiversity.

Figure 1-3: Forest cover in Lao PDR (percent of total land)
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In recent decadesshifting cultivation became a major issue and required rapid Government
response. In 1990for example, more than 210 000 rural households still practiced
traditional shifting cultivation as part of their livelihood, causing the deforestation of
245,887 hectares annually. Launch of community-based forest management programmes
from 1996 to 2005 has helped to address this issue.

Recently the nation's forest cover has been classified in three groups in line with the
amended Forestry Act of2007, down from the previous five.Thus, as 0f2010 6.9 million
ha out of a total of 13.5 million ha of forest area were considered protected forestwhile
3.6 million ha were conserved forest and 3.1 million ha were production forest.

1.2.2.4 Mineral Resources

Mineral resources likewise are an important contributor to the national economy, and the
mining industry has expanded substantially during the past decade. Estimates of gold
reserves total 32 million tonnes, with 12 million tonnes of alluvial gold. Further, 162
million tonnes of copper, 38 million tonnes of tinand 7 million tonnes of coal are believed

to be available.

All mineral extraction increased between 2005 and 2008, with the exception of gold,
silvertin and lead (Table 1-1). Illustrating the mining industry's rapid growththe
industry's contribution to national GDP increased from less than 1 percent in 2000 to
more than 3 percent in 2005 and 8 percent in 2010. The industry has also contributed
strongly to rural socioeconomic development.

Table 1-1:Minerals extracted inLao PDR, 2005-2008

2006 2007 2008
Gold+Silver (tonnes) 10.15 12.65 9.09 5.81
Copper (tonnes) 30,480.00 60,804.00 62,452.00 64,705.00
Copper concentrate (tonnes) 746.00 3,358.81 107,430.48
Tin (tonnes) 240.00 809.00 1,109.00 260.00
Barite {tonnes) 8,600.00 6,500.00 10,000.00 1,000.00
Lignite (tonnes) 358,637.88 319,242.00 681,715.00 600,000.00
Gypsum (tonnes) 109,787.00 206,104.00 232,250.00 586,866.00
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Anthracite (tonnes) 62,000.00 131,972.00 158,490.17
Lead (tonnes) 3,500.00 2,249.00 2,350.00 600.00
Zinc (tonnes) 8,000.00 4,000.00 12,116.00 6,079.00
Limestone (tonnes) 190,440.00 430,000.00 450,000.00 911,654.00
Gravy (cu.m.) 58,719.00 900,150.00 943,000.00 214,772.00
Sand (cu.m.) 160,136.00 900,000.00 920,000.00 208,608.00
Construction M (cu.m.) 70,210.00
Soil (cu.m.) 4,012.00
FE (tonnes) 20,000.00 36,218.00

Source: Ministry of Energy and Mines, 2008

1.2.3 Environmental Characteristics

Social and economic development, combined with accelerating urbanization over the past
decades, increasingly threaten environmental qualityinLao PDparticularly in the capital
and other large cities. Pollution from solid waste, water and air effluents is on the rise.
Solid waste and wastewater in large urban areas require special attention, while air quality
is deteriorating notably in Vientiane.

The GoL is continuing its longstanding commitment to efforts to sustainably manage
waste. It has been enabled by both domestic and foreign assistance and investments to
build dozens of sanitary landfills as well as to acquire waste transport equipment and
other much-needed machinery.t In Vientiane metropolitan area and other major cities,
17 sanitary landfill dumping sites have been constructed, with waste collection services
provided in 38 major cities and metropolitan areas, either directly by municipalities or by
private subcontractors. Nevertheless, these services cover only 40 percent of municipal
waste nationwide, with the major constraints encompassing a lack of transport facilities,
insufficient technical staff, and a need for stronger management. Effective public cam-
paigns to reduce waste generation, emphasizing the "3Rs.. (reduce, reuse, recycle), also
are necessary to counter widespread practices of burning trash in backyards or public
areas or littering streets, canalsand rivers.

Currently, total per-capita municipal waste is estimated to be about 0.75 kg per day.
Overall composition of such waste is 30 percent generally degradable waste, 30 percent
composite waste, and 40 percent recyclable waste (15 percent paper, 25 percent glass/
cans/metals) (WREA, 2001). Ingenerally, household waste is quantitatively proportional

1. For example, asoft loan was taken fromADB in 2004 on the Small Towns Development Sector Project to
develop waste management schemes in 12 districts.
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to market waste. Thus, with the introduction and implementation of good practices, the
amount of waste generated could be substantially reduced.

1.3 Demographic Trends

Recently, Lao PDR has experienced an accelerating rate of population increase. Between
1995 and 2005, the population grew at an average of 2.1 percent per year; the 2005 census
found 5.62 million people living in the country.Of this total, about half were younger than
age 20, while about 13 percent were older than 60. Life expectancy for females stood at
63 years; for males, it was 59 years (Ministry of Planning and Investment, 2005). If the
current population growth rate continues, a total of 7.3 million people are expected by
2020 (National Statistics Bureau, 2004).

The population density in Vientiane is highest, at about 150 persons per knm?, even as
population density in most areas of the country remained low, at fewer than 11 persons up
to 40 persons per km? (National Statistics Centre, 2005) The higher population densities,
in addition those in the capital, are usually found in and around southern provincial
metropolitan areas, as well as along the major communication corridors such as Highway
13 from Vientiane to Pakse and Saravanh. Meanwhile, the highest population
concentration in the north is found primarily in the southern portion of Sayabouly and
Luang Prabang Provinces, in key provincial districts, and along major highways.

Overall, the population in Lao PDR comprises various ethnic groups, who speak one or
more of numerous dialects and hold a wide variety of beliefs. According to historians
and ethnologists, at one time more than 200 ethnic minority groups were identified as
speaking more than 170 dialects. However, by official classification 49 ethnic minorities
are recognized (Decision of National Assembly No 213/NA, 24 November 2008). They
are further grouped by lifestyle into four principal linguistic categories (Lao-Tai, Mon-

Kmou, Hmong-Eevmien and Chinese-Tibetan).

1.4 Economic Development

National economic growth of Lao PDR has been high during the past decade, ranging
between 6 and 8 percent annually. Per-capita income increased from US$490 in 2005
to US$1,069 in 2010 (Ministry of Planning and Investment, 2011). Structural change in
the economy also is occurring along with economic development (Table 1-2), primarily a
transformation from agriculture-dominated to dominance by other sectors. During 2005-
2010, for example the top performer was the service sector, which rapidly and steadily
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increased its share of GDP, from about one-fourth to more than one-third. During the first
decade of the 21st Century, meanwhile, the share of agriculture in GDP decreased from
halfto less than one-third, and the industrial sector performed rather poorly, with its GDP
share falling well short of high expectations. Inflation remained under control.

Across regions of the country, between 2006 and 2010 the South recorded the highest
growth, followed by the Central region and the North. Nonetheless, the Southern region's
per-capita Gross Regional Product (GRP) remained lower than those of the other regions.
Sectoral shares of GRP did not vary significantly among regions (Table 1-3).

Table 1-2: Selected indicators of development over the Fifth (2001-2005) and the Sixth
Five-Year Plans (2006-2010)

GDP growth(% per year) Targeted Achieved Targeted Achieved
Total 7-7.5 6 7.6 7.9
Agriculture and forestry 4-5 3.4 3.2 4
Industry 10-11 11.3 13.7 12.6
Services 8-9 6.7 7.3 8.4
GDP share (%)

Agriculture and forestry 47 45.4 36 30.4
Industry 26 28.2 36.4 26.1
Services 27 26.4 27.6 37.2
GDP per capita (US$) 500-550 490 823 1,069
Inflation (%) <10 9.6 7 5.1

Note: GDP per capita refersto the end of each Plan
Source:Committee for Investment and Planning (2006); Ministry of Planning and Investment (2011)

Table 1-3:Gross, per-capitaand sectoral share of Regional Product, 2006-2010

Growth (% Sectoral share{%} Per capita (US$

Agri. Industry Services
North 8.45 55.63 21.2 23.07 771
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Central 9.94 40.67 34.03 22.81 1,142
South 10.65 46.87 24.04 29.09 718

Source: Ministry of Planning and Investment (2011)

In the agriculture sector, crop production and related areas changed substantially, Production
and planted areas of field crops, particularly maize, cassava and sugar cane, increased
sharply during the past decade (Ministry ofPlanning and Investment, 2011). With heavy
investment from China and other neighbouring countries, areas devoted to rubber plantations
also have increased significantly.

As noted above, forestry also continues to contribute to the national economy and to rural
livelihoods. Collection of NTFPs for household consumption and cash income remains
common. The annual value of NTFP production reached US$200 million, most of which
was for fuelwood and charcoal (Ministry of Agriculture and Forestry, 2005).

Hydropower development has become a critical focus of the National SocioEconomic
Development Plan and of Government socioeconomic reform efforts. Numerous
hydropower dams have been developed during the past decade to generate electricity,
mainly for export. This has increased the total capacity of hydropower plants from 690
MW in 2005 to 2,583.73 MW in 2010 (Ministry of Planning and Investment, 2011). To
further national efforts to become an "Asian battery™ with regard to hydropower, the T7th
NSEDP aims to develop an additional tO hydropower projects with a capacity of more
than 5,000 MW, costing US$11.2 billion (Ministry ofPlanning and Investment, 2011).

Lastly, mining revenue rose dramatically between 2003 and 2006, from US$143 million
to US$620 million. Income from mining was expected to reach 10 percent of GDP by
2010. In addition, in 2009 national mining-related revenue from taxes, duties and fees
generated US$256 million from the concession areas of about 17,000 km?.

1.5 Social Development

The Government prioritizes the elimination of poverty by 2020; since the early 1990s,
the poverty rate has been declining steadily (Figure 1-4). However, between 2001 and
2007 the poverty reduction policy failed to meet its overall target as a result of a number
of factors, including national budget constraints, accessibility of remote regions, and
people's deeply rooted dependence on natural resources. Natural disasters and extreme
climate events such as flooding in 2004-2005 exacerbated the situation (Figure 1-5).
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Figure 1-4: Headcount of poverty incidence using national and intemational poverty lines,
1992-1993 to 2007-2008
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Figure 1-5: Planned and achieved targets of poverty reduction, 2000-2007
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National human development indicators are increasing notably. In education, the
proportion of students attending primary schools increased from less than 80 percent

in 2000 to about 85

percent in 2005 and more than 90 percent in 2009. Adult literacy

increased to 74 percent in 2005 (Ministry of Planning and Investment, 2011). Overall,

the education netwo
and the numbers of

rk has improved, with an emphasis on regions and communities,
primary, secondary and higher secondary schools have increased
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gradually during the past decade. Vocational, university and higher education also have
been developed, with two branches of the national university opened in the south and the
north and a number of vocational and technical schools established.

As a result of health system development since 2000, the people's health has improved
significantly. By 2005, the Infant Mortality Rate had fallen to 70 per 1,000 live births,
while the Under-5 Mortality Rate also reduced to 98 per 1,000. The Maternal Mortality
Ratio, although still unacceptably high, likewise reduced to 405 per 100,000 live births.
The country has been able to meet 48 percent of the population's demand for medicines
from local production.

The number of health service centres also increased, with four central hospitals, 12
provincial hospitals, four regional hospitals, 127 district hospitals, 793 health centres, and
6,707 hospital beds in the country in 2010. In aggregate, however, the number of beds has
not increased notably. In addition, attention should be paid to the fact that, by location,
it is clear that improvement was made mainly in terms of central hospitals (Table 1-4).

Table 1-4:Number of beds by types of hospitals, 2005-2010

2005 2006 2007 2008 2009 2010

Total 6,736 6,636 6,955 7,115 6,425 6,707
Central hospitals 660 835 940 810 825 856
Curative centres 160 160 140 120 120 120
Regional hospitals 907 632 675 675 675 675
Provincial hospitals 985 985 1,559 1,559 884 930
District hospitals 2,366 2,366 1,304 1,845 1,845 1,845
Dispensaries 1,658 1,658 2,337 2,106 2,076 2,281

Source:Lao Statistics Bureau, accessed at http://www.lsb.gov.la/index.php?option=com_content&view=art
icle&id=55&Itemid=80&1ang=lo

Despite concerted efforts by the GoL, many social services remain inadequate and lag
behind those of neighbouring countries. In 2009, for example, only 57 percent of the
population had access to clean water and 53 percent to improved sanitation. Proportions
were lower in rural areas (Ministry of Public Health, 2009).Dengue fever showed a distinct
upward trend that year, with 7,810 cases and 19 casualties, compared to 4,328 cases and
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22 deaths in 2008. Measles also was reported to be on the rise, from 76 cases in 2008 to
189 in 2009. Undernutrition among young children remains very highwith 40 percent
of children younger than age 5 years found to be underweight. In addition, 41 percent of
children and 36 percent of women are reported to have iron deficiency anaemia, which
gives rise to significant nutritional and child development issues.

1.6 National Development Policies and Plans

In 2004, the Government adopted the National Growth and Poverty Eradication Strategy
(NGPES) with the goal of graduating from the group of Least Developed Countries (LDCs)
by 2020. The NGPES presents a holistic, ecologically sound strategic approach to national
development, involving all sectors and all policy areas as well as cross-sectoral priorities.
Further, the NGPES was the framework for the Sixth Five-Year National Socioeconomic
Development Plan (NSEDP 2006--2010), which paved the way for a series of strategies,
legal and regulatory frameworks, and institutional arrangements directly linked to the
protection and rationally sustainable use of the national resource base.

The Seventh Five-Year NSEDP (NSEDP-7, 2011-2015) continues the dynamic objectives
of the Sixth Plan and has an important role in realizing the aims ofNinth Party Congress
Resolution to achieve socioeconomic development by 2020. It is expected to take firm
steps to move the country toward LDC graduation.

The Seventh Plan consists of four dynamic objectives, namely: (1) dynamic in imagination,
(2) dynamic in human resource development, (3) dynamic in mechanisms, regimes and
administrative rules; and (4) dynamic in poverty reduction.The basic aims of this Five-Year
Plan are to achieve the human development objectives of the Millennium Development
Goals (MDGs); to build primary foundations for industrialization and modernization of the
country; and tointegrate with regional and international developmentby 2015.The Plan has
drawn up the following key targets:

arget by 2015

Total population (million persons) 6.9
GDP at current prices (US$ million) 11,929
GDP growth (percent per year) >8
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Agriculture 3.5
Industry 15
Services 6.5
Share of total GDP (percent)

Agriculture 23
Industry 39
Services 38
GDP per capita (US$) 1,700
Poverty ratio (percent) 19

Proportion of poor households with access to electrification to total

households (percent) 80

Source: Ministry of Planning and Investment, 2011

With total GDP growth expected to be slightly higher than that recorded during the last
Plan, more emphasis is to be given to the industrial sector than to the services sector.
Agriculture's share of national GDP will be further reduced. All this is expected to result
in a 70 percent increase of per-capita income in 2015 compared to 2010.

1.7 Climate Change Policy

Since its ratification of the UNFCCC, the GoL has actively and consistently participated in
processes related to the Convention. National climate change policy originally was under
the Science, Technology and EnvironmentAgency (STEA) of the Prime Minister's Office,
with a National Greenhouse Gas Inventory Committee and a related Technical Working
Group established. At that time, climate change was not well understood, not only by the
public but also by some public agencies and technical experts. Yeta deep  understanding
of climate change impacts is particularly critical for Lao PDR, given the high importance of
water and forest resources to the economy in general and to the agriculture sector and rural
households in particular. Development of Enabling Activities Il and other projects, such as
theNational Capacity Self Assessment(NCSA)and the National AdaptationPlan of Action
(NAPA), have now substantially enhanced domestic understanding and awareness on
climate change and its potential threat Such a threat has been further confirmed by the
recent devastating damage from climate-induced floods and droughts in the country.

The GoL has paid special attention to climate change impacts and mainstreamed climate
change factors into overall sustainable development as well as into sectoral plans. To
integrate climate change concerns into national development planning, the Government
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instructed the WREA? to develop a climate change strategy combining this objective with
the need to maintain the natural resource base during implementation of the NGPES.

Under the guidance of the National Steering Committee on Climate Change (NSCCC),
eight cross-sectoral working groups were established to assess climate change issues,
particularly related to mitigation and impact, and to identify priority actions. The first
National Climate Change Strategy was officially endorsed in March 2010.

This strategy took into account a number of other development strategies, including the
National Environment Strategy, Forest Strategy, Agriculture Strategy, Strategy for Water
Resource Development, Energy Strategy, and National Disaster Strategy. ltwas then
integrated into NSEDP-7.

The goals of the National Climate Change Strategy are aligned with vision of
sustainable development, povertyreduction, enhancedqualityofthenatuml environment,
and strengthened public health for all Lao people. Specifically, they aim to:

a) Reinforce the Sustainable Development Goals of Lao PDR, including
measures to achieve low-carbon economic growth

b) Increase the resilience of key economic sectors and natural resources to
climate change and its impacts

c) Enhance cooperation and partnerships with national stakeholders and international
partners to implement national development goals

d) hnprove stakeholderse public awareness and understanding about climate change
vulnerabilities and impacts, GHG emission sources and their relative
contributions to climate change, and how climate change will affect the national
economy, thereby increasing stakeholder willingness to take action

Based on these strategic goals, major strategic priorities for adaptation and mitigation are identified
inthe following key sectors:

a) Agriculture and food security
b) Forestry and land use change
c) Water resources

d) Energy and transport

2  The WREA resulted from the reorganization of the Science, Technology and Environment Administration in
2006.
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e) Industry
f) Urban development

g) Public health

All sectors have adaptation strategies, and all except water resources and public health
have mitigation strategies. The former Department of Environment of WREA (now
MONRE) also has been expanded into three departments: Department of Environmental
Promotion, Department of Pollution Control, and Department of National Disaster

Management and Climate Change, with the latter designated as the national focal point
for the UNFCCC.
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CHAPTER 2

NATIONAL GREENHOUSE GAS INVENTORY FOR 2000

2.1 Introduction

As required by Decision 17/CP.8 of the UNFCCC, each Non-Annex | Party shall, in
accordance with Article 4(a) and Article 12, paragraph 1(a), of the Convention and to
the extent that its capacity permits, communicate to the Conference of Parties (COP) a
national inventory of anthropogenic emissions by sources and removals by sinks of the
greenhouse gases (GHGSs) not controlled by the Montreal Protocol.

The National Greenhouse Gas Inventory (GHGI) forms a key element of the National
Communication on Climate Change.The GHGI for the first national communication (FNC)
of Lao PDR was conducted in 1997, using 1990 as the base year as mandated.
Subsequently, Lao PDR's FNC was submitted to the UNFCCC in November 2000.

For this Second National Communication (SNC), the GHGI was prepared using 2000 as
the base year. With support from the Global Environment Facility (GEF) and the United
Nations Development Programme (UNDP), the WREA, produced the GHGI for 2000 in
collaboration with relevant agencies. Its successor the Ministry of Natural Resources and
Environment, established in 2011, continued this work. Five Technical Working Groups
(TWGSs) were established to coordinate among agencies and provide activity data for
inventory preparation. To strengthen the TWGs'capacities, various trainings and technical
consultation workshops were carried out.

2.2 Scope, Time Frame and Methodology

The inventory examines the emission by sources and removal by sinks of GHGs in the
following five sectors:

a) Energy
b) Industrialprocesses

C) Agriculture
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d) Land-use change and forestry
e) Waste

The inventory is estimated in units of mass; by sources and removals by sinks; and by
anthropogenic emissions of carbon dioxide (CO,; methane (CH » and nitrous oxide
(N,0), including carbon monoxide (CO) and nitrous oxides (NO), Non-Methane Volatile
Organic Compounds (NMVOCs) and sulphur dioxide (SOJ Hydrofluorocarbons (HFCs),

Perflourocarbons (PFCs) and sulphur hexafluoride (SF,> are not included because the data
are inadequate and the consumption and emissions are likely to be negligible.

The estimation and reporting of this national GHGI followed the revised 1996 guidelines
of the Intergovernmental Panel on Climate Change (IPCC) and used UNFCCC software,
IPCC Good Practice Guidance (GPG) and UNFCCC Improved Reporting Guidelines. All
emissions factors are IPCC default values.Uncertainty management also was conducted.

The Global Warming Potential (GWP) used for conversion of other gasesto CO , equivalence
follows the values provided in the Second Assessment Report (SAR) of IPCC (IPCC, 1996)
(Table 2-1).

Table 2-1:GWP for 100 years and the atmospheric lifetime (CO , equivalent)

GHG Chemical and GWP
formula

Carbon dioxide CO, 50-200 1
Methane CH, 12 21
Nitrous oxide NO 120 310

2

Source:IPCC (1996)

Because not all data were available for the inventory year, particularly those related to
fuelwood, charcoal, solid waste, fertilizer, burning of savannah, agriculture residues and
land-use change and forestry (LUCF), an average value for several years is used for
certain activities (Table 2-2). This approach is recommended in the IPCC guidelines.
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Table 2-2:Sub-sector or activity time periods other than 2000 used in calculating national

inventory

m m Averag  time

peno s

boob of 1999-2001

Field burning of agricultural residues 1999-2001

Changes in forest and other woody biomass stock  Plantation 1967-2000

Harvest of fuelwood 1999-2000

Forest and grassland conversion 1992-2002

J\bandODEnentofntWnagooland J\bandODEnent of forest for 20 years 1992-2002

CO0, from biomass 1999-2000

2.3 Institutional Arrangements and Report Preparation
Process

2.3.1 Institutional Arrangements

Preparation of the national GHGI was conducted by Department of National Disaster
Management and Climate Change (DNDMCC)t with the close collaboration and
coordination of the Technical Working Groups and other stakeholders. The organizational
structure for inventory preparation is shown in Figure 2-1.

Technical Working Groups (TWGs)are groups of specialized technical personnel which
act as focal points to provide data as well as verify the accuracy and relevance of the data
within their own sectors. The TWGs are also respons1ble for providing feedback and comments
to the inventoryparticularlywithregardto the structureand contents ofthe report, including
dataused The TWGsconsist of representatives from the (former) Department of Environment;
Department of Forestry; Department of Livestock; Department of Forest Inventory and
Planning; Department of Meteorology and Hydrology; Department of Water Resources;
National Agriculture and Forestry Research Institute; Faculty of Environmental Science
and Faculty ofForestry (National University of Laos); Department of Import and Export;
Department of Industry; Department of Electricity; Department of Geology and Mining;
Department of Urban Planning and Housing; Department of Transport; and Urban
Development Administrative Authority.
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Department of National Disaster Management and Climate Change (DNDMCC).
As the UNFCCC focal point under MONRE, DNDMCC has the overall responsibility of
monitoring, supervising and guiding the TWOs, seeking feedback on the national GHGI
and reporting to MONRE and the National Environment Committee on progress and
results of the inventory.

Ministry of Natural Resources and Environment (MONRE). As a standing body of
the NEC, the Ministry has the overall responsibility to provide guidance and direction to
DNDMCC and to report to the NEC on progress and results of the inventory.

SNC Project Board oversees the actual preparation of the Second National Communication,
including the GHGI. Board members comprise representatives of relevant Ministries.

National Environment Committee is the interagency body that provides overall policies
and approval for the National GHG Inventory Report.
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Figure 2-1:Organizational structure for the National GHG Inventory Report

National Environment Committee

Ministry of Natural Resources and
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2.3.2 Process for Inventory Preparation

National GHGI preparation followed the technical guidance of the IPCC. Activities carried
out included preparation and planning, introductory workshops for stakeholders, TWG
establishment, training, collecting, compiling, verifying and analyzing data and drafting
the report. The draft report was circulated to all TWG members and stakeholders for ac-
curacy and consistency checks, comments and endorsement.

After consultation with relevant parties from the sectors, the first draft inventory report
was revised and a second consultation was conducted. International experts facilitated
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through UNDP also reviewed and provided the comments to the draft report, which was
then finalized.

Figure 2-2:National Greenhouse Gas Inventory Report preparation process

Inventory planning

Stakeholder workshop

Establishment of TWGs

Training for TWGs

Data collection, compilation, verification

Data entry and analysis

Draft report

Consultation meeting on 1* draft report

Improvement and finalization of 1** draft report

Consultation meeting on the 2* draft report

Recalculation (focus on LUCF) and finalization of 2" draft report
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2.4 National Greenhouse Gas Inventory for 2000

All sectors in Lao PDR's GHGI are approached by the Tier 1 method; for the energy
sector, a reference approach also was used. The lack of comprehensive national statistics
hinders the use of higher tiers for inventory calculation. Similarly, limited technical and
financial resources to conduct research and development of local emissions factors have
constrained the application of more complex methods of inventory calculation.

2.4.1 National GHG Emissions, by Gas

Table 2-3 shows Lao PDR's national GHGI for the year 2000. In that year, the country

recorded emissions of a total 0f43,811 Gg of CO,and the removal of about 2,047 Gg, for
a net CO,emission of about 41,764 Gg. This represents a substantial increase compared

to a net sink of 104,570 Gg in the year 1990, only 10 years earlier. This is believed to

be due in part to rapid socioeconomic development, and in part to improved technical
capacities and data availability.

Of the total CO, emissions, nearly all were from the land-use change and forestry sector
(42,758 Gg), with only 1,004 Gg of CO, contributed by the energy sector. Industrial
processes, especially mineral products, contributed only 48.4 Gg of CO . while emissions
from biomass stood at 10,895 Gg.

For methane, Lao PDR emitted a total of 306.7 Gg in 2000. The agriculture sector was
by farthemost importantemitter, producingabout 251.4 Gg (82 percentof thetotal). Land-use
change and forestry contributed about 52 Gg, or anotherl7 percent. Waste and energy
contributed only a small fraction ofCH,, at 2.4 and 0.7 Gg respectively.

Another key GHG, N0, primarily emitted from land use management. In 2000 Lao PDR
emitted about 8.4 Gg ofN,O; of this total, 7.7 Gg were from agriculture. Small amounts
of 0.36, 0.27 and 0.08 Gg of N,O were from land-use change and forestry, wastewater
management and energy respectively.

In addition to the three key GHGs, Lao PDR also reported on CO, NOx, NMVOC and
SOx, as also shown in Table 2-3. In general, the country reported relatively insignificant
amounts of these gases were emitted in 2000. Most of the 506.7 Gg of CO emitted was
from the land-use change and forestry sector, with only about 42 Gg from the energy
sector. Similarly, of the total emission of 20.8 Gg of NOx, about 13 Gg were from the
land-use change and forestry sector and 7.5 Gg from the energy sector. For NMVOC,
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17.9 of the total of 24.3 Gg were from industrial processes, followed by 6.4 Gg from the
energy sector. Lastly, nearly all of the total of 1.6 Gg of SOx emitted was from the energy
sector, as well as a small fraction from industrial processes.

In aggregate, for the year 2000 the land-use change and forestry sector in Lao PDR was

the single most important source of CO, emission and other GHGs except for CH, and

N.0O,followed by energy combustion. Mineral production processes in the industrial
sector also emitted a small amount of CO,. For CH, and N0, agriculture was the most
important emitter, followed by land-use change and forestry.

2.4.2 National GHG Emissions, by Sector

2.4.2.1 Energy Sector

Following the IPCC guidelines, this inventory covers emissions from energy combustion
of the three key energy types — fuel oil, coal and LPG gas — in energy, manufacturing,
transport and other sectors (residential, agriculture and forestry).In the energy sector CO
emissions from biomass fuels are included only as an informational item, although the
emissions ofnon-CO0, gases derived from biomass fuels are included and reported in the
emissions of the energy sector and in the inventory. This inventory applied reference and
sector approaches, with Tier 1 and default values used for calculations.

By sources of emission, CO, emissions in the energy sector were related primarily to the
use ofbiomass fuels derived from forest conversion. Fuel combustion from transport and
other sources constituted less than 1 percent of the total. It is notable that all electricity in
Lao PDR is generated by hydropower; hence, emissions from this sector are negligible.
Partly as a result of this and other socioeconomic factors, emissions from conversion of
forest and grassland thus dominated the sector.

The main energy sources consumed in the country are fuelwood, oil, electricity and coal.
Fuelwood, electricity and coal are domestically produced, while fuel oil and LPG are
imported.About 1,663.2 ktoe of energy was consumed in 2000, with fuelwood accounting
for some 56 percent of total energy consumption. Qil, electricity and charcoal comprised
18.11, 11.85 and 10.80 percent respectively. Coal and LPG contributed only marginally
to energy consumption.

In 2000 a total 0f326,093 tonnes of fuel oil were imported to Lao PDR. Ofthis, 145,641
tonnes were diesel; 102,439 tonnes were gasoline; 68,109 tonnes were kerosene; and
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522 tonnes were LPG. The rest was composed of 6,473 tonnes of lubricant and 3,431
tonnes of residential oil. Coal production in Lao PDR is mainly for export; of the more
than 175,000 tonnes produced in 2000, only 72 tonnes were consumed within the country
(Viengphoukha Coal Mining Company, 2010). Also produced were 300,000 tonnes of
stink coal and 253 tonnes of lignite (NSC, 2005).

Table 2-3 GHG emission inventory for 2000, Lao PDR (Gg)

Green House gas souree and sink G o,

. emission

(Go) (Ge)
removals 43.810,7 -2.046,7 306,7 843 20,84 S06,7 24,28 1,60
1.Energy 1.003,79 0,67 0,08 755 41,48 6,43 1,55
1.1.Approach 1.003,79 0,63 008 755 4148 6,43 1,55
1.Energy Industries 0,05 0,05 0,05 0,05 0,05
2:Mmufa?turingindusliies and 446,44 0,39 001 051 7.08 026 0,74
conslructi.on
3.Transport 441,62 0,09 0,Ql 546 30,39 5,84 0,81
4.0ther Sectors(Residential Sector) 115,72 0,10 000 1,53 3,96 0,28 0,00
5.0ther (please Specify)
1.2.Fugitive emissions from fuels 0,04 - - - -
1.Solid Fules 0,04

2.0iland Natmegas

2.1.Miniral Products 47,61
[
2.Industrial processes 4841 0,00 0,00 17,86 0,05

0,02

0,00 0,00 0,00 0,00
2.2.Chemical Industry -
2.3.Metal Production 0,80 -

2.5.and

2.4.0ther Production 17,85 0,02

2.6.and
217.Other (Please specify) = - - - -
3.Solvent and Product use

4.1.Enteric Fermentation 100,42
4.2.Manure Management



4. Agric:ult!R

4.3.Rice Cultivation
4.4.Agricultural soils

4.5.Savannahs

4.6.residues

4.7.0ther (please Specify)
5.Land-use chaDge and forestey
5.1.woody

5.2.conversion

42.758,48
7.673,78
35.084,70

-2.046,7

35

251,41

13,00
137,60

0,35
0,04

52,21

52,21

7,73

0,01
0,00

0,36

0,36

0,32 8,39

0,30 7,45
0,02 0,94

12,97 456,84

12,97 456,84



S.3.lands
5.4.from siol
S.S.Other (please specify)

” m I B
| | CH N,O - = - )
* oo AL N .| N
| o )
0,2

-2.046,7
6.2.waste - waterhandling - . 1,31 27
6. Waste 2,41 0,27
6.1.Siol waste disposal on land 1,10

6.3.walrte incineration

6.4.0ther (please Specify) o - -

7.0ther (please specify)

7.1Internalional Bunkers = = - - -
Aviation

Marine - - - - -
7.2.C02 emissions from biomass 10.894,63

Based on expert judgment, about 70 percent of diesel and gasoline were consumed by
the road transport sector. The remainder was equally consumed between industry and
construction, agriculture, and the residential sector. Nearly all kerosene was used by
domestic aviation, with only 10 percent used in the residential sector. Most coal was used
in industrial processes, and the majority of LPG gas and residential oil went to the
residential sector. There were no fuel and energy stocks or storage sites, and it is assumed
that energy was entirely consumed within the year of import.

The Biodiversity Country Report 2004 estimates that 5.6 million tonnes, or 7.5 million
cubic metres, of firewood were consumed annually. Of this, about 5.4 million tonnes
(7 million cubic metres) were consumed by households and 111,000 tonnes (144,000
cubic metres) were used in industrial sector, especially for drying agricultural products.In
addition, households and economic activities consumed about 9,489 tonnes (63,620 m?* ¥
and 42,146 tonnes (280,973 m% of charcoal. About 680,000 m® of wood were harvested
for household construction and other uses.

Based on the production and consumption of energy by sectors and methods mentioned
above, the energy sector generated all key GHGs. The largest emission was CO, .t about
1,004 Gg. The sector also generated minimal amounts of CH, and N,O. Other gases
generated were CO (41.48 Gg), NOx (7.5 Gg), NMVOC (6.4 Gg) and SOx (1.5 Gg). Thus,
it can be concluded that the energy sector generated mainly CO.-

1 One cubic metre of firewood convertsto 775kg, and one cubic metre of wood converts to 150 kg of char-
coal (FAO, 1999).
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2.4.2.2 Industrial Processes

Processing activities of certain types of industrial production also produce GHGs. For
example, cement production processes result in the emission of CO _and SO CO is emitted
during heating of CaCQ, or high carbonate materials to produce clinker and intermediate
cement products. Because SiO, and/or silica-containing materials are used as acompound of
cement, this production process also releases SO; The process of heating limestone at high
temperature to produce lime likewise causes CO, to release.In the iron production process,
where carbon and its compounds also are used, iron melting and production generate GHGs
coupled with other ozone and aerosol precursors. Lastly, food and beverage production
can release NMVOC.

This inventory estimation uses default values from IPCC. Activity data are from national
statistics reports between 1975 and2005, as well as the industrial statistics report for 2000.

As shown in Table 2-4, the industrial processes of Lao PDR generated about 48 Gg of
CO0, in 2000. Of this, about 95 percent was originated from cement production processes.
Cement production also generated 0.02 Gg of SO, The paper production process,
meanwhile, also produced 0.02 Gg ofSO,, and the food and beverage industry produced
17.9 Gg ofNMVOC.

By gases, industrial processes in Lao PDR generated mainly CO (52.8 Gg) and NMVOC
(17.9 tonnes). Insignificant amounts ofS0, also were produced.

Table 2-4:Total greenhouse gas emissions from industrial processes (Gg)

B &I EIETEY

Cement production 47.23

{Quick) Lime production 0.25

Limestone used 0.13

Iron steel processing 0.80 0.00 0.00 0.00 0.00
Paper factory 0.02
Food and beverage 17.86

Total 48.41 0.00 0.00 17.86 0.05
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2.4.2.3 Agricultural Sector

Emissions from agriculture were mainly derived from 6 sub-sectors: (1) livestock enteric
fermentation; (2) manure management; (3) rice cultivation; (4) savannah burning; (5)
agricultural residue burning, and (6) agricultural soil.

Total cultivated rice land in 2000 stood at slightly more than 510,000 ha, with about 20
percent irrigated. To estimate emissions, the IPCC emission default value and Seasonally
Integrated Emission Factor for Continuously Flooded Rice Without Organic Amendment
of Thailand, 16 (g/m? (Towpryaoon et al., 1993), were used. Savannah burning was
rampant and visibly observable; it occurs every year, especially in dry season. However,
there exists no record of savannah burned area, nor of biomass before and after the
burning. For the year 2000, therefore, it was assumed that 5 percent of total savannah in
the country was burned. The IPCC default values were used.

In addition to savannah burning, scrub forest and rangeland are also burned as a result of
uncontrolled slash-and-bum agriculture, which includes burning dry grasses for animal
grazing. However,there is again no record ofburned area,as well as a lack of data associated
with biomass before and after burning.Hence, thisinventory estimated that about 5percent of a
total savannah area 0f94,400 ha (MAF, 2005), or 4,720 ha, were burned during the year.
Note that CO, is assumed neutral for the savannah sub-section. The IPCC default

emissions factor was used.?

Burning of agricultural residue varies among crops, with both on- and off-site burning.
The main crops grown in Lao PDR are rice, maize, sugar cane and tobacco. Data related
to crop residue were not available, however. Only rice and maize are considered in the
inventory, where it was assumed that 5 percent of rice residue and 10 percent of maize
residue were burnt on-site. The ratios were used with IPCC default factors to obtain emis-
sion values.

The primary emission from agricultural soil is N, O; altogether, emissions from agricultural
fields depend on the amount of nitrogen input to soil from synthetic fertilizer, animal
manure, nitrogen-fixing crops and agricultural residues. Because aggregated data on the
amount of N input were not available, the inventory did not include direct soil
emissions from nitrogen-fixing crops. Therefore, only emissions from synthetic fertilizer,
animal manure and agricultural residues were estimated as the emissions from agricultural
soil. Using livestock statistics and IPCC default values, emissions from animal manure

2 The values of default emission factors from IPCC appear to be high for Lao PDR, especially with regard to
the fraction of living biomass. The majority ofburning in the country occurs in the dry season, when most
grasses are already dry or dead.
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management were estimated. Similarly, planted areas of nitrogen-fixing crops and others
were used to derive emissions from crop residue. Indirect nitrous oxide emission from
fertilizer was estimated based on consumption values for 2000.

Of the six sub-sectors, rice cultivation and livestock enteric fermentation represented the
two key sources. Rice cultivation in Lao PDR emitted 137.6 Gg ofCH , in 2000, followed
by 100.4 Gg from enteric fermentation. Manure management contributed 13 Gg ofCH,, -
Agricultural soil emitted only 7.7 Gg ofN,0, while burning of savannah or agricultural
residue generated several GHGs of different magnitudes, including 8.4 Gg of CO and an
insignificant amount ofNOx and N,O. Thus, agriculture contributed largely CH, to GHG
emissions in 2000.

2.4.2.4 Land-Use Change and Forestry

In the land-use change and forestry sector, there are three main sources ofGHG emissions.
These include changes in forest and other woody stock, forest and grassland conversion,
and abandonment of managed land. Because of a lack of data, emissions from forest soil
carbon are not included.

Changes in forest and other woody biomass stock can be a net source or sink, depending on
the carbon uptake from forest plantation and biomass loss caused by harvesting of timber,
fuelwood and other wood such as that used for household construction. Meanwhile, for the
year 2000 forest plantation was classified by types and ages to the extent possible. Other
woody biomass stock covers timber harvest, fuelwood consumption and wood harvest for
house construction and other uses, but not the wood removed from forest clearance. Changes
in forest and other woody biomass stock resulted ina net release of GHG.

Emissions from the conversion of forest were based on IPCC guidelines, with the assumption
that there is not much change in carbon uptake or release among degraded forest, shifting
cultivation areas or agricultural croplands. Major causes of the forest loss include timber
harvesting, shifting cultivation, forest fire, forest encroachment, and development
projects. Estimates of biomass loss are based on statistics, research reports and informed
judgments by Thematic Working Group member. Such biomass losses occur through
three main sources, namely, on-site burning, 3 off-site burning,* and being left to decay.
Slightly more than 200,000 ha of forest land per year was converted to other uses. These
converted areas were used to calculate GHG released from on- and off-site burning and

3 Theslash-and-burning practice of burning branches and twigs of harvested timber and other wood in forest
areas.

4 Wood, branches and twigs extracted from slash-and-burn harvested areas and used elsewhere for fuel and
energy purposes.
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decay ofbiomass.

The main carbon storage facility is found in the increase of forest cover and wood stock
from the abandonment of managed and rehabilitated forests. This study followed Good
Practice Guidance and LUCF guidance to separate re-growth trees into two groups, namely,
less than 20 years and more than 20 years. Based on IPCC guidelines, carbon storage of
the abandoned wood stock in both managed and rehabilitated forests was estimated.

As noted above, LUCF represents the key source and sink of CO, in the country, During
2000 the sector emitted about 42,800 Gg and removed about 2,100 Gg of CO,- Most
emissions arose from conversion of forest to other land uses, with only about 7 percent from
harvesting of timber and fuelwood Removal of CO, primarily occurred from abandonment
of managed land or forest rehabilitation; however, the amount removed was small, at less
than 1 percent of emissions. As a result, the CO , net emission of the land-use change and
forestry sector differed little from the aggregate.

Inaddition to CO,,the land-use change and forestry sector also emitted other gases from
forest land and grassland conversion. These included about 52.2 Gg of CH , 0.360 Gg of
N,O, 13 Gg ofNOx. and 457 Gg of CO released into the atmosphere.

2.4.2.5 \Waste Sector

Solid waste, biological waste and wastewater, along with their treatments and discharges,
stand as the main sources of GHG emissions inthe waste sector.Methane and nitrous oxide
are the key gases released from landfill and wastewater as well as their treatment systems.
This inventory covers only landfills of municipal waste, wastewater from residential
areas and main manufacturing, and sewage. Although waste incineration, particularly
of clinical waste, occurs, it was not estimated because of insufficient data and/or the
assumed insignificance of emissions. A lack of emissions factors and methodologies
further constrained the exercise.

With limited information, it was estimated that total municipal waste generated in the year
2000 was 233,100 tonnes.It was further assumed that 30 percent of these wastes, or about
70,000 tonnes, was disposed of at dumping sites. For wastewater, the estimation covered
urban households and key manufacturers with access to piped water supply. In this case,
it was estimated that the total organic wastewater and sludge from urban households
was 31,460 tonnes of BOD/year and 317,780 tonnes of BOD/year respectively. Only 10
percent of the wastewater produced was covered by wastewater management facilities;
management facilities for sewage and excrement were even more limited. Because data
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on wastewater from manufacturing were limited, only key industries were included.
Based on these limited data, certain assumptions were made and emissions factors for
different categories were then derived.

GHG emissions from the waste sector in Lao PDR were comprised mainly of CH , and
N_O. Methane emissions from solid waste disposal and from handling of solid waste
and wastewater were about the same, at between 1.1 and 1.3 Gg. Handling of waste and
wastewater also emitted 0.27 Gg ofN,O.

2.4.3 National GHG Emissions, in CO, Equivalent

Using IPCC global warming potential factors, CH, and N,O emissions were converted
into CO, equivalent. Table 2-5 shows the emissions in CO, equivalent, by sectors and
types of gases.

In 2000 the net GHG emission of Lao PDR in terms of CO, stood at about 50,000 Gg.
The rank of sources of emission remains the same: Land-use change and forestry was
the single major source, accounting for about 83 percent of total emissions, followed by
the agriculture sector, at 15 percent. The energy sector contributed only 2 percent, while
waste and industrial processes contributed negligible proportions.

Similarly, the rank of sourcesin each sector also remains the same. Conversion of forest and
grassland was the most important source of emissions in land-use change and forestry.
Meanwhile, enteric fermentation of livestock and rice cultivation were the agriculture
sector's two key sources, and transport and manufacturing/construction were the two key
sources of the energy sector.

Table 2-5: National GHG emissionsin CO,, equivalent, 2000 (Gg)

co,

Sector Sonrie | CO:sink | CH, N,0 Total
Total 4381068 -2,046.73 644154 2537.43  50,742.91
Energy 1,00378 14.91 21.07 1,039.76

Fuel combustion 1,003.78 13.23 21.07 1,038.08
iEnr&eJ%y 1.05 15.05 16.10
'é’c',?]”;f- & 446 .44 8.19 3.01 457.64
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2.4.4 Comparison of GHG Inventories for 1990 and 2000
(CQ, equivalent)

Of the 24,200 Gg of emissions in CO, equivalent in 1990, 71 percent were from forestry and
about 24 percent were from agriculture. At that time, the energy sector emitted 4 percent.
The remaining negligible amounts were from industrial processes and waste (Figure 2-2).
In contrast, about 51,000 Gg of CO, equivalent was emitted in Lao PDR in 2000, thereby
doubling in the course of a decade. Shares of emissions by sectors, other than agriculture
and land-use change and forestry, remained similar between the two periods (Figures 2-3
and2-4).

At the same time, the share of the land-use change and forestry sector increased to 83 percent,
while that of agriculture dropped to 15 percent. The increase in emissions from the land-use
change and forestry sector is partly a result of different assumptions for sequestration between
the two periods.® Nevertheless, this increasing share of emissions also suggests the increasing
pressure on Lao PDR's forest areas. Meanwhile, the lower share of the energy sector in total
emissions suggests a steady contribution of renewable energy to total energy consumption,
resulting from the development of national hydropower and biomass energy sources.

5  The 1990 inventory assumed a net positive sequestration from natural forest areas, while that for 2000
assumed this was neutral.
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Figure 2-3 Shares of total emission by sector in CO, equivalent,1990, Lao PDR
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Figure 2-4:Shares of total emissions by sector, in CO _equivalent, 2000
2.5 Key Source Category Analysis

The key source category analysis emphasizes the number of emissions by sources and
removal by sinks, as well as GHG emissions by gas, sector and sub-sector, including
prioritization of major sources of emission. It also includes an emissions assessment
based on conditions with and without the forestry sector.
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Total GHG emissions of 50,700 Gg of CO g came from 36 source categories and 1 sink
category. Emissions from the forestry sector alone included 4 source categories and 1 sink
category, with the net emission of the sector standing at 41,900 Gg ofCO0,e. The other 32
source categories belonged to other sectors, which emitted a total of 8,870 Gg of CO_e
(Figure 2-5).

With regard to GHG gas, C0,,CH, and N,O accounted for 41,750, 6,440 and 2,540 Gg
respectively (Table 2-6).

Table 2-6:Total GHG emissionsby gas, in CO, equivalent, 2000, (Gg)

Gas Total emissions

CH, 6,441.54
Co, 41,754.48
NO 2,537.43
Total 50,733.45

Divided by sector, it is clear that the LUCF sector emits by far the highest amount, again
contributing about 83 percent of the total. This is followed by agriculture at 15 percent
and energy at 2 percent. The contributions of the waste sector and industrial processes
were minimal (Figure 2-5).
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Figure 2-5:Total emissions by sector,in COIl equivalent (Gg)

h::lusbialprocess,
38.95

Energy, 1,039.76

Waste, 131.88 Agriculb.Jre, 7,606.34

LUCF, 41,916.52
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Among sub-sectors, land-use change-especially conversion of forest and savannah fields
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into other land uses — contributes to forest degradation and represents a major source of
GHG emissions, accounting for 72 percent of total net emissions. Logging and the use of
wood was the second-biggest source, contributing about 15 percent. Emissions from rice
farming and livestock fermentation accounted for 6 and 4 percent respectively. If land-use
change and forestry were not included, rice farming, livestock raising and agricultural
soil disturbance would be the key sources of GHG emissions in Lao PDR, with a total
share of 83 percent. Energy, industrial processes and the waste sector remained minor
contributors of GHG emissions in the country.

The key source category analysis suggests that, based on the inventory for 2000, mitigation
of GHG emissions in Lao PDR should concentrate on the land-use change and forestry
sector. Strengthening forest conservation and proper utilization of forest resources would
reduce emissions substantially and enhance the sink potential of the sector. Adoption of
appropriate technologies that simultaneously reduce emissions and increase net return to
rice fanning and livestock raising also would support national mitigation efforts.

2.6 Inventory Uncertainty

A Tier 1 uncertainty analysis was conducted following the Good Practice Guidance (GPG)
(IPCC, 2000), with the level of uncertainty for activity data and emissions factors assessed
based on expert judgment and consultation with the TWGs of the relevant sectors. The

report on uncertainty, which covers 37 sources as recommended in the Revised 1996

IPCC Guidelines, was calculated both in terms of percentage of gases (CO,, CH,, and
N_0) and of sectors.

Aggregate uncertainty of the GHG inventory of Lao PDR for 2000 was found to be around
29.3 percent (Ministry ofNatural Resources and Environment, 2012).The uncertainty per
gas was +34.62 percent for N,O, +27.14 percent for CH, and +26.75 percent for CO,
(Table 2-7).

Table 2-7:Uncertainty levels, by gas and by sector

Uncertainty(%)
ByGas
CH, +27.14
col +26.75
N,O +34.62
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By Sector
Energy +27.14
Industry processes +13.98
Agriculture +29.60
Land-use change and forestry +44.03
Waste +31.57

Within sectors, LUCF had the highest uncertainty, at £44.03 percent. The waste, agriculture
and energy sectors had moderate levels of uncertainty, ranging between3!27.14 and+31.57
percent, while industrial processes had the lowest uncertainty of +13.98 percent (Table
2-7).

2.7 Quality Assurance, Quality Control and Completeness

Lao PDR currently has no system for quality assurance and quality control (QNQC) for
GHG emissions. In the future, it is expected that sectors responsible for activity data for
inventory will develop QNQC systems that are centralized and sustainable. The inventory
for 2000, following the GPG (IPCC, 2000),has been developed in a transparent, consistent,
comparable and complete manner as far as the current capacity of Lao PDR allows. The
following approachesalso were used to ensure a good-quality inventory:

. Re-calculation: In the final stage of drafting the report, the inventory team
revisited and re-calculated the LUCF and agriculture sectoral emissionsand
removal, the key sources. The results were shared among all stakeholders,
including TWGs and participants in various national and international
workshops or meetings, where comments were considered and consistency
and cross-checks were further performed.

- Peer review:Lao PDR conducted a mutual learning programme with emphasis
on the peer review of the LUCF sector, in collaboration with the Greenhouse Gas
Inventory Office (GIO)/National Institute for Environmental Studies (NIES) of
Japan. This enhancedaccuracy andcompleteness of the LUCF inventory.

. External expert review: The inventory QNQC also was enhanced by a
review by experts from UNDP and international experts on GHGI, through
UNDP's National Communications Support Programme in New York. The
final draft report was further shared with GHGI experts from Thailand for
additional technical review.

. National Steering Committee review: The GHGI report was reviewed by
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the NEC, which has a formalized system of review procedures. Before
submission to the UNFCCC, the report likewise was reviewed by independent
expertswho were not directly involved ininventory compilationand preparation.
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CHAPTER 3
VULNERABILITIES AND ADAPTATIONS

3.1 Introduction

As an LDC with few relevant adaptive capacities, Lao PDR is highly vulnerable to the
impacts of climate change. Moreover, without the development of capacity to manage
the current risk, the country will be exposed to even higher climate risks in the future.
Assessments related to vulnerabilities and adaptations are thus crucial to assist vulnerable
sectors to develop strategies to manage such risks.

Information was not provided in the FNC on measures or actions to address climate
change impacts, vulnerabilities and adaptations, mainly because of a lack of national
capacities. During the last decade, however, an understanding of climate change impacts
and adaptations has been gradually developed. The NAPA process, under the UNFCCC,
has particularly enhanced national capacities on climate vulnerability and extreme events.

In this chapter key vulnerabilities to climate change of the Lao PDR are identified, while
national progress made on work related to vulnerabilities and adaptations to climate
change/climate variability and extreme events is summarized. Constraints and gaps in
development inthis area also are identified.

3.2 Vulnerabilities and Adaptations and the National
Climate Change Strategy

The National Climate Change Strategy, realizing the high vulnerability to climate change
of the country's physical, biological and socioeconomic development, has given special
attention to climate change vulnerabilities and adaptations.

Increasing resilience inthis regard inkey sectors is thus an important goal of the strategy
(WREA, 2010). Strategies include:

. Mainstreaming climate change into the agriculture sector's policies, strategies
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and action plans to enhance adaptive capacity of this important sector
. Monitoring and improving water resources and water supply systems

. Intensifying research and development on vulnerabilities and adaptations
in the agriculture sector at all levels

. Increasing forest cover and strengthening the protection of ecosystem-sensitive
forest areas

. Enhancing biodiversity conservation and appropriate utilization ofNTFP

. Intensifying research and development on vulnerabilities and adaptations

of water resources, with appropriate climate scenarios

. Developing early warning systems to reduce disaster risks with regard to
water resources and public health

. Mainstreaming climate change adaptations into infrastructure and
transportation development

3.3 Climate Trends and Climate Hazards

Overall, vulnerability to climate change encompasses the degree to which geophysical,
biological and socioeconomic systems are susceptible and unable to cope with adverse
impacts of this change (see Chapter17, IPCC, 2007b; Fiissel and Klein, 2006). Key winerabilities :
areassociated with many climate-sensitive systems, including, for example, food supply,
infrastructure, health, water resourcesor ecosystems.

To identify the key vulnerabilities for Lao PDR, two climate variables — rainfall and
temperature, and historical records of impacts — were used. However, available historical
climate data (1970-2009) in the country are very limited and incomplete. To develop
long-term historical rainfall data, the climate data from grids of the World Climate Research
Programme Global Precipitation Climatology Centre were used to fill in missing values for
each gauge station. To investigate historical climate variability and change, especially during
the 20th Century, rainfall and temperature were modelled as a function of time.

1 Determining key vulnerabilities or risks is a dynamic process that needs to combine scientific knowledge
with factual and normative elements (Patwardhan et al.; Dessai et al., 2004; Pittini and Rahman, 2004, in
Chapter 19 IPCC, 2007b). Some aspects of confidence in the climate change-impact relationship are factual,
while others are subjective.In addition, the choice of which factual criteria to employ in assessing impacts
has a nonnative component (IPCC, 2007b).
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3.3.1 Climate Trends in the Lao PDR

As a result of Lao PDR's geographical location, its climate is dominated by monsoon
variability, with the southwest monsoon particularly contributing to high rainfall and high
temperatures from May to September. The monsoon contributes to a seasonal cycle of
rainfall where more than 70 percent occurs during the wet season. In addition, the climate
is driven by interannual rainfall variability that can be linked with extreme climate events
such as frequent floods, mostly in the south, and droughts in the north. This interannual
variability of rainfall in the region may be associated with large-scale climate drivers
such the El Nino-Southern Oscillation {ENSO). Using data from national grids and water
stations, supported by those from international grids, the link between rainfall anomalies
and ENSO were investigated by using correlation and regression coefficients.

Regression analysis shows that the annual mean temperature in Southeast Asia has
consistently increased over the past 40 years? Likewise, such analysis shows that the
annual mean temperature in Lao PDR has risen by as much as 0.05 °Cl/year, especially in
the south {Figure 3-1).

Figure 3-1:Temperature trends in selected provinces, 1970-2010
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Rainfall pattems,® as differentiated by the total amount of rainfall during wet and dry
seasons, indicate that some parts of the country tend to have relatively high rainfalls,
including Phongsaly, Oudomxay, Bokeo, Xayabury, Vientiane and Borikhamxay. In
contrast, relative drier areas, with a maximum of 288mm of monthly rainfall during the
wet season, encompass some parts of Xayabury and Vientiane. In general, it can be said
that many parts of the country are relatively rich in rainfall, while others are drier; such
variance could happen even within the same regions.

Historical rainfall data indicates the increasing trends of seasonal and annual rainfall in
the country, with rates of 2,046 and 2,741mm/year respectively. These upward trends are
associated with the increased frequency of extreme events related to heavy rainfall in the
region.

Using probability analysis, it was found that the monthly rainfall with an intensity of
more than 600mm has increased, while intensities between 300-500mm declined (Figure
3-2).

Figure 3-2: Change in monthly rainfall distribution in Lao PDR between 1901-1953 and
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3.3.2 Climate hazards

Types of Climate-Related Hazards. During 1966 to 2009, 36 climate-related hazards
in Lao PDR were classified as global hazards:* Flooding was the most frequent hazard,
followed by health epidemics (such as dengue, cholera, diarrhoea, and avian influenza),
storms and droughts. Most storms were followed by severe floods. On the other hand,
shortages or delays in rainfall can cause droughts. As shown in Figure 3-3, about
three-fourths of the disasters in Lao PDR during this period were climate-related. Floods
normally occur from May to September when monsoon rains accumulate in the upper
Mekong River basin, while droughts happen between November and March. Flash floods
inthe northern mountainous areas also are common (GoL PDR, 2010).

Figure 3-3:Types of climate-related hazards in Lao PDR, 1966-2009

Types of Climate Related Hazards

Epidemic

Flood
50%

Source: Analyzed from the OFDA/CRED International Disaster Database

Regionally, floods and droughts occur almost every year, or sometimes twice a year, in
the south and central parts of the country, where the majority of people live. (Lao PDR,
2009). Areas most at risk from floods are those located along the Mekong and its main
tributaries. Meanwhile, areas in the upland north, and in a few southern provinces like
Savannakhet and Khammouan, were more prone to droughts.

Frequency and Intensity of Climate Hazards. Climate hazards, particularly floods, tend to
be more frequent and intensified in recent years. It was found that about half of these hazards

4 Based on OFDA/CRED International Disaster Database.
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occurred between 1966 and 1992, a period of 26 years, while the other half occurred
between 1992 and 2009, a period of only 17 years. Thus, the frequency of the climate
related hazards in Lao PDR increased from about once every two years before 1992 to
every year or even twice a year after 1992.

Areas affected by floods also grew at an accelerated pace during the last two decades
(1992-2009). Areas flooded before 2002 generally were less than 1,200 sg.km. On the
other hand, in2009 alone more than 2,500 sq.km ofland was flooded (Figure 3-4).
According to the Ministry of Agriculture and Forestry, the area affected by floods arising
from Tropical Storm Washi Tahiti in 2005 also was much larger than that affected in 2002
(National Disaster Management Office, 2005). Thisis very muchin linewith the conclusion
of the Mekong River Commission (MRC), that extreme flood years have tended to be more
common since 1986 and to affect wider areas across the country.

Although not as frequent and devastating as floods, drought hazards also have been more
frequent and more intense in the last three decades. Between 1995 and2005, drought
conditions were characterized by higher and irregular increases in temperature. In
particular, abnormally high temperatures experienced in 1996 and 1998 triggered the
occurrence of drought in specific areas, including ponds, streams and lakes.

Figure 3-4: Total area in Lao PDR affected by O.ooding,1992-2009
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3.3.3 Key vulnerabilities

Historical records of rainfall and temperatures over the past four decades show increasing
trends for both. Damages and losses experienced also suggest different magnitudes of
impact in various sectors and, hence, key vulnerabilities.

Based on EM-DAT data, flooding in the country causes damages of about US$50 million
every year. Similarly, damages as a result of severe drought also can reach up to US$20
million annually (National Disaster Management Office, 1996). Although the number of
affected people from climate-related hazard events varied greatly, the trend was increasing
(Figure 3-5).Onaverage,floods and storms affected about 200,000 people and killed about 40
people in Lao PDR annually. Large disasters can cause damages of as much as 1 percent of
GDP (World Bank and United Nations, 2010); for example, in 2009losses from Typhoon
Ketsana reached US$ 57.5 million, the equivalent of 1.1 percent of GDP (Lao PDR,
20009).
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Figure 3-5: Numbers of people affected by climate hazards (floods, storms) in Lao PDR
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Flood disasters in Lao PDR have seriously affected almost all sectors. Table 3-1 estimates
damages from flooding during 2005-2008.>  In the productive sectors, agriculture,
especially rice, was the main sector affected. Extensive impacts were particularly seen in
flooding after Typhoon Ketsana in 2009, with very high damages and repair costs across
sectors (Table 3-2). Besides agriculture, the most severely affected sectors have been
transportation, communications, housing and utilities. These sectors account for more
than 80 percent of total flooding damages, with even wider impacts linked to loss of
livelihoods and food insecurity, among others.

Assessments indicate that the people of Lao PDR are not adequately prepared for climate
hazards, particularly floods. Timely monitoring and prediction of upstream flows from
rainfall, along with development of and capacities to manage effective early warning
systems, are imperative.

5 Information from Provincial Agriculture and Forestry Office, Ministry of Agriculture and Forestry and
National Disaster Management Office.
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Table 3-1: Impacts offtooding, by sector, 2005-2008

Number of provinces affected

Number of districts affected

Number of villages affected

House and people

Number of houses affected

Number of people affected

Number of people killed

Agriculture

Flooded rice fields (hectares)

Rice fields damaged (hectares)

Flooded vegetable fields (hectares)
Cattle lost (heads)

Poultry lost (number)

Fish ponds and aquaculture affected (number)
Fish ponds and aquaculture damaged (hectares)
Infraslructure

Schools affected/damaged (number)
Health centres affected (number)

Markets affected (number)

Bridges damage (number)

Temples affected (number)

Locations of irrigation affected (number)
Locations of irrigation damaged (number)
Irrigation channels damaged (metres)
Drainage systems affected (metres)
Water wells damaged (number)
Underground water sites damaged (number)
Natural spring sites damaged (number)
Roads affected (km)

Roads damaged (km)

Boats lost (number)

Total value of damage and losses ($US)

16
84
2,510

480,913
87,724
55,955

14,941

4,289
609

102

1,421
117
15,124

225,726

28,565,000

2006 2007
4 4
20 27
404 614
13,549 25,292
89,849 118,074
2
6,913 256,778
491
298 343
5,912 74,980
168 136
98 1,000,000
13 11
3 2
1
2
2
259 29
23
8,000
65
4
27
NA NA

Sources: Ministry of Agriculture and Forestry and National Disaster Management Office
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2008

4
26
664

95,157

28,517
702
995
44

356

63

48

53

929

812

314

NA




Table 3-2: Impact of '"YPhoon Ketsana on sectors and recovery costs required in five
southern provinces (Savannakhet, Salavan, Xekong, Attapeu and Champasak),

2009 (US$)
'ak
and losses recover
Houses (number) 3,178 8,644,353 17,599,647
Hospitals and health centres (number) 39 1,251,373 1,103,088
Schools (number) 266 1,049,288 3,831,865
Agriculture (crops, 56%; livestock, 32%; other, 12%) 17,660,000 15,000,000
Commerce and industry 3,773,435 N.A
Tourism 777,941 N.A
Roads (km) 1,843 17,470,000 14,180,000
Telecommunications Power 3.080,000 2,900,000
transmission lines Water 3,230,000 6,900,000
supply and sanitation 566,000 533,750
Total 54,422,390 62,048,350

Source: Lao PDR (2009)

Thus, the review suggests that the key vulnerabilities in the Lao PDR are caused by
flooding and droughts, with agriculture (and those who depend on it) as the sector most
vulnerable to climate change. Note also that several other sectors closely linked to agriculture
would further contribute to its vulnerabilities, including water resources, the transportation
network and public health services.

3.4 Climate Change' in Lao PDR

To analyze climate change impacts, two periods of climate situations —future climate (with
three GHG emission scenarios), and current climate or baseline —are needed. This requires
good historical climate data and appropriate climate scenarios from General Circulation
Models (GCMs). Consequences on different sectors can be analyzed and compared, and
hence, potential climate change impacts can be assessed. To reduce uncertainties, scenarios
from several GCMs are used in the Lao PDR study.

This study used observed rainfall data from 17 stations and outputs from GCMs with a
resolution of 100xI00km (Masutomi et al, 2009).A total of 14 GCMs, with one baseline

6 The UNFCCC defines climate change as "a change of climate which isattributed directly or indirectly
to human activity that alters the composition of the global atmosphere and which is in addition to natural
climate variability observed over comparable time periods."
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and three emission scenarios (AlIB, A2 and B1), thus were used in the analysis (Ministry
ofNatural Resources and Environment, 2012).

Using observed data for 1991-2000, the baseline climate scenario from the GCMs and
scaling factors, calibration and interpolation was employed to obtain future baseline
scenarios for all GCMs. Average monthly rainfall for two periods were used, 2021-30
and 2051-60.

Comparing the rainfall scenarios under three emission scenarios and the baseline, results
suggest no significant change in rainfall patterns for the next one or two decades in all
regions of the country (Figure 3-6, above). However, by the middle of the century rainfall
patterns could change considerably, particularly in some areas of the Northern and Central
regions. Rainfall in the Northern region is likely to decrease, while that of the Central
region also suggests a similar trend with a smaller magnitude (Figure 3-6, below).

Analysis of seasonal rainfall changes indicates that this likewise is expected to change.
Rainfall is projected to decrease during transition periods, with delays of the onset of
the monsoon in the south suggesting a possible shift in rainy season. In turn, this could
substantially affect the country's traditional agriculture.

These results generally align with a study of future climate in Lao PDR derived as a mean
projection from seven GCMs (Lefroy R. et al., 2010). In that study, it was suggested that
*"... the rainfall in the early wet season, in May, will decrease, and rainfall at the very start
of the wet season in April and the end of the wet season in October will increase. This is
a continuation of the trend seen in the 20th Century for a delay in the main wet season,
in June to October, and perhaps an increase in the risk of a false start to the wet season,
with more rain in April but less rain in May. Thus, rainfall variability remains the critical
issue."

7  For details of data and methodology, see Ministry ofNatural Resources and Environment, 2012.
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3.5 Vulnerability and Risk to CUmate Change

To further identify adaptation options, vulnerability to climate change and climate
variability c:an be measured usiDg 1be three dimensions of level of exp()8LIN, level of
sensitivity, and adaplive eapacjty of 1he system.e A system with a highlevel of exposure
and sensitivity and low adaptive c:apac:ity is c:onsidered most vulzle.Rblc, while one wilh
a low level of exposun'l and sensitivity and high adaptive eapacity is c:onsidered least
vulnerable.

B For deiails, see Minisiry of Natural Regonrees and Exvironmert, 2012,
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3.5.1 Vulnerability

The aggregate Sensitivity and Exposure Index (SEI) and Adaptive Capacity Index (ACI)
reflect vulnerability and adaptive capacity levels of villages in Lao PDR; the higher the
SEl or ACI), the more vulnerable the village or the higher its adaptive capacities.

Results show that only Champasak Province and Vientiane capital have a small proportion
of villages with an SEI of more than 0.5, meaning that fewer than one-fourth of the villages
in these locations are considered vulnerable. Other provinces have at least one-fourth or
more of their villages rated as sensitive and exposed to extreme climate. With some
exceptions, provinces with higher SEI also have higher poverty levels (Table 3-3).

Table 3-3: Categories of provinces based on SEI

Provinces with 0-25% of villages with SEI > 0.5 Champasak. Vientiane Capital

Borikhamxay, Khammuane, Saravan, Savannakhet,

2 Provinces with 25-50% of villages with SEI > 0.5 o .
Vientiane Province

3 Provinces with 50-5% of villages with SEI > 0.5 Attaeu, Borkco, Huaphanh, Xayabury, Xiengkhuang

Luangnamtha, Luangprabang, Oudomxay,

. . 1000 . .
4 Provinces with 75-100% of villages with SEI > 0.5 Phongsaly, Sekong

At the same time, the ACI shows that most villages and provinces have low adaptive
capacity to climate change. Many provinces in the country have more than 75 percent
of their villages with an ACI less than 0.25 (full ACI equals 1). These include Attapeu,
Borkeo, Huaphanh, Luangnamtha, Luang Prabang, Oudomxay, Phongsaly, Sekong and
Xiengkhuang. Only Vientiane capital has fewer than one-fourth of its villages with an
ACI ofless than0.25 (Table 3-4).

Table 3-4: Categories of provinces, based on ACI

Provinces with 0-25% of their withACI < 0.25 Vientiane Capital

Provinces with 25-50% of their villages with ACI <0.25 Khammuane, Vientiane Province

Borikhamxay, Champasak, Saravane, Savannakhet,
Xayabury

Provinces with 75-1000/0 of their villages withACI < 0.25 Attapeu, Borkeo, Huaphanh, Luangnamtha, Luang
Prabang, Oudomxay, Phongsaly, Sekong, Xiengkhuang

Provinces with 50-75% of their villages withACI < 0.25
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Villages with high ESI and low ACI will be very vulnerable to climate variability — in
this case, flooding -- while villages with low ESI and high ACI will be less vulnerable.
Significantly, this assessment shows that more than 4,800 villages- or nearly half of
the total villages® across all provinces — were regarded as very vulnerable. Provinces
with more than half of total villages classified as very vulnerable include Luang Prabang,
Phongsaly, Savannakhet, Oudomxay and Huaphanh (Figure 3-8).

The study of vulnerability and adaptive capacity undertaken in Lao PDR thus has concluded
that the country is already highly vulnerable to even the existing impacts of climate change,
particularly floods and droughts. Agricultural activities, especially related to rice production,
are the most vulnerable. In general, poverty levels are higher with higher vulnerability to
climate change and with lower adaptive capacities.

Figure 3-7:Number of villages categorized as very high vulnerability, by province

Number of Villages

0 200 400 600 800

Luangprabang | | | 646
Phongsaly 5_4
Savannakhet 502
Oudomxay 483
Huaphanh 400
Xiengkhuang 281
Luangnamtha 277
Saravane 276
Xayabury 261
Bokeo 214
Vientiane 192
Sekong 186
Champasak 78
Khammuane 1p4
Attapeu 120
Borikhamxay _108
Vientiane Capital 7

9  In 2005 there were 10,552 villages in Lao PDR (Department of Statistics, Lao PDR), accessed at http://
www.nsc.gov.la/Statistics/Selectedo/020Statistics/ AdministrativeData.htm
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3.5.2 Climate Risks

Climate risks depend on the probability of climatehazards and vulnerability. In the case of
Lao PDvillages with high vulnerability wouldbe at high risk if climate hazards occur.A
matrix of risk.as a functionof probability of unexpected events and their consequencescan
be formulated (Beer and Ziolkowski, 1995). Thisapproach has been used to assess levels
of currentand future climate risks of villagesin the country.

Current Climate Risks. All provinces have experienced floods and droughts to
different extents (Figure 3-9); the assessment also indicates that most are at high risk of
these hazards (Figure 3-10).Provinces with the largest proportion of villages at high risk of
flooding include Xiengkhuang, Sekong andAttapeu, while those with a larger proportion of
villages at high risk.of droughts are Savannakhet and Huaphanh (Figure 3-11).

Figure 3-8: Frequency of floods (1996-2005) and droughts (1995-2005) InLao PDR
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Figure 3-9: Distribution of villages according to their climate risks (Hoods, droughts)
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Figure 3-10: Provinces with villages at high risk of (a) floods and (b) droughts
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Thus, the assessment of village vulnerability and risk indicates that households in most
part of the country are already highly vulnerable to climate variability, with the situation
likely to be more severe in the future. Three provinces have particularly high risk of
floods, while six have high risk of droughts. Moreover, as time passes the risks tend to
expand from north to south.
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3.6 Adaptation Needs

The study on climate change impacts and vulnerability in Lao PDR has not yet reached
the stage of adaptation analysis, including for specific sectors or regions. ** However,
adaptation to climate change, which is long-term and generally through a modelling
approach, is arguably less perceived by stakeholders, especially the rural poor who are
likely to be most affected. On the other hand, the impacts of climate change, through
climate variability and extreme events, are already happening and easily seen. Overall, as
noted above, LDCs such as Lao PDR are the most vulnerable to the impacts of climate
variability and extreme events, while also being the most lacking in adaptive capacities.

3.6.1 National Adaptation Programme of Action

To address urgent adaptation needs of LDCs, the UNFCCC established the mechanism
of the National Adaptation Programme of Action (NAPA) in its 7th Conference of the
Parties. The NAPA takes into account current coping strategies at grassroots level and
builds upon these to identify priority activities, rather than focusing on scenario-based
modelling to assess future vulnerability and long-term policies at State level.

The NAPA thus focuses on urgent and immediate needs, those for which further delay could
increase vulnerability or lead to increased costs at a later stage. Because NAPA is designed to
use existing information, no new research is needed It must be action-oriented, country-driven,
flexibleand basedon national circumstances.

Steps for NAPApreparation include synthesis of available information; participatory assessment
of vulnerability to current climate variability and extreme events, and of areas where risks would
increase due to climate change; identification of key adaptation meastn“es as well as of criteria
for prioritizing activities; and selection of a prioritized shortlist of activities. Project profiles and/
or activities are submitted to the UNFCCC and areeligt.ble to apply forLDC fimds.

Under the NAPA process in 2009, four sectors were ernphasmxi inLao PDR, namely, agriculture,
forests, water and water resources, and health Adaptation needs were then identified and prioritized,
and 45 priority project proposals were developed and submitted to the UNFCCC.Among these, 12
projects were listed as top priority for adaptation actions in the country. They are:

11 One pilot study on paddy production was conducted, with very preliminary results (see Southeast Asian
START Regional Centre, "Pilot Study on Future Climate Change Impact on Water Resources and Rain-Fed
Agricultural Production," Technical Report No.13.Bangkok, 2005).
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1. Strengthen the capacities ofNational Disaster Management Committees
Agriculture 2. Promote secondary professions to improve the livelihoods of farmers affected by natural
disasters induced by climate change
1. Continue a slash-and-bum eradication programme and a permanent job creation
programme
Forestry . . . . .
2. Strengthen the capacity of village forestry volunteers in forest planting, caring and
management techniques,as well as in the use of village forests
1. Raise awareness on water and water resource management
2. Map flood-prone areas
3. Establish an early warning system for flood-prone areas, and improve and expand
meteorology and hydrology netwrub and weather monitoring systems
Water 4.Strengthen institutional and human resource capacities related to water and water resource
management
5.Survey underground water sources indrought-prone areas
6. Study, design and build multi-use reservoirs in drought-prone areas
1. Improve systems for the sustainable use of drinking water and sanitation. with community
public health participation, in flood- and _drought- prone areas _ _ o
2. Improve knowledge and skills of engineers who design and build water and sanitation
systems

3.6.2 NAPA follow-up projects for the agriculture sector

Learning by doing, the GoL, in collaboration with UNDP, has developed a project proposal
on improving the resilience of the agriculture sector to climate change impacts. The four-year
project, from 2011 to 2014, aims at minimizing food insecurity resulting from climate change
and at reducing the vulnerability of farmers to extreme flooding and droughts. This project,
implemented by the Ministry of Agriculture and Forestry, is designed to produce four
outcomes in the areas of knowledge management, capacity building, community-based
agricultural adaptation practices, and adaptation learning.

A second project following the NAPA proposed activities relates to effective governance
for small-scale rural infrastructure and disaster preparedness in a changing climate. This
aims at addressing the vulnerable livelihoods of rural communities arising from climate
variability, particularly in the south. Among the most severe impacts of floods, flash
floods, storms and droughts caused by increasing intensive but irregular rainfall patterns
in this region are the regular destruction of rural roads and small-scale irrigation schemes,
as well as water scarcity for household and agricultural consumption. The project objective
is to improve local administrative systemsaffectingthe provision andmaintenance of small-scale

rural infrastructure (including water and disaster preparedness), through participatory decision
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making that reflects the genuine needs of communities and natural systems vulnerable to
climate risk. Three outcomes are expected:

Outcome 1: Incentives provided for local administrative institutions to integrate climate
risks into participatory planning and financing of small- scale rural water infrastructure
provision

Outcome 2: Small-scale rural infrastructure protected and diversified against climate
change induced risks (droughts, floods, erosion and landslides) in 12 districts of Sekong
and Saravane Provinces

Outcome 3:Natmal assets (such as wetlands, forests andother ecosystems insub-catchments) of
more than 60,000 haare managed to ensure maintenance of critical ecosystem services, especially
water provisioning, flood control and protection under increasing climate change-induced stresses
inSekong and Saravane Provinces

At sub-regionallevethe Climate Change Adaptation Initiative Programme mder the Mekong
River Commission has also implemented local demonstration activitiesinsouthern Lao PDR

3.7 Managing Climate Risks: The Way Forward

From the analysis above, it is clear that Lao PDR is very vulnerable to the impacts of
climate change. Without improving current capacities to manage climate risks, the
increasing variability of climate will expose the Lao people to even more serious impacts.
Several general descriptions of adaptation approaches —for example, diversifying crop
portfolios and farmlands in different agro-ecological zones — have been suggested. In
practice, however, adaptation at community level usually involves informal mechanisms,
village-based networks, or extended family networks. Such mechanisms can respond to
limited shocks, but not shocks that are covariate or spatially extensive. At State level,
better access to greater resources is expected, and many measures are normally supported
by the central Government (IRl & ADPC, 2005).

Overall, State-supported precautionary programmes to manage climate risks should produce
benefits at household and community levels in addition to reducing transitory poverty. These
benefits are expected to include reduced vulnerability to climate variability and enhanced
sustainable consumption patterns. Therefore, well-designed climate risk management
programmes should (IRl & ADPC, 2005):
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. Respond to demands of communities and agencies

. Strengthen community and household precautionary strategies
. Be sustainable with respect to fiscal resources and institutional structures
. Integrate a range of information and resources, such as climate and price

information, agricultural production inputs, and credit
. Communicate probabilities involving a diverse set of outcomes

. Promote timely, "no regrets” interventions that avoid expensive or
irreversible decisions

. Integrate decisions across local, regional and national levels

Given the existing climate threats and the risks of climate hazards that Lao PDR is
encountering, it is extremely urgent for the country to prepare for potential impacts. Some
of the key components that should be emphasized include:

Existing support mechanism. To a limited extent, the NAPA has contributed to climate
change adaptation in Lao PDR, although activities implemented thus far have been small
compared to the priority needs identified. It is hoped that the LDC Fund of the UNFCCC
will serve as the key financial mechanism for the country's adaptation needs. Intensification
of financial and technical support from the UNFCCC is therefore critically important and
urgently needed to strengthen national adaptation measures.

Research and development. Technical capacities of relevant national personnel with regard
to vulnerability and adaptation must be developed and sustained; at present, international
experts are almost exclusively relied upon to provide this sort of technical analysis.?
Additional support to strengthen a coordination network among national and regional
researchers is particularly needed.

Policy mainstreaming. The GoL has already integrated the National Climate Change
Strategy into sectoral and national development policies and planning. However, even
more effective mainstreaming is necessary with the sustainable social and economic
development process of the country.

12 This includes the technical capacity to address existing risks of climate variability and extreme events,
particularly in agriculture and water resources; development of scientific knowledge and capacity on climate
modelling and scenario building;and development of sectoral impact models, particularly on water re-
sources, agriculture, rural communities and health, socio-economic scenarios, and potential climate change
effects on existing climatic patterns.
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Adaptation measures.Adaptation programmes with strong local ownership continue to be
needed, with strengthened local capacities to address climate change and mechanisms to
sustain the process. This includes the use of participatory inducements and public
relations at all stages of adaptation, ranging from planning to execution and evaluation.

Climate resilience and poverty eradication. A holistic approach and workable
programmes should be developed to simultaneously reduce poverty and enhance climate
resilience, particularly in rural communities. Win-win or "no regret"” policy options must
be practical and appropriate for local conditions.

Regional cooperation. Tropical countries of the ASEAN region and Mekong sub-region
have many similar social and economic structures. Strengthening of regional cooperation
will make technological transfers and knowledge exchange more practical, applicable
and cost-effective.
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CHAPTER 4

MITIGATION ACTIONS AND MEASURES

4.1 Introduction

This section describes national development over the past decade that has contributed to
mitigation efforts. It also captures potential mitigation actions/measures in key sectors
that could be implemented amid the dynamics of the climate change negotiation process

Itis important to bear in mind that hydropower contributes about 40 percent of economic
growth in Lao PDR, while services adds about 20 percent, agriculture more than 10

percent, manufacturing more than 10 percent, and mining and construction small proportions
each. While manufacturing is increasingly important, hydropower and agriculture thus
remainthe most importantsectors, especially in addressingrural povertyand GHG mitigation.

4.2 Mitigation Measures and Actions Implemented

Based on the national development goals and the levels of technology available, the
FNC identified potential mitigation measures in all emission sectors, with energy and
forests being key sectors. It is important to recognize that Lao PDR has long emphasized
renewable energy development through hydropower development projects that harness
the country's abundant water resources. Despite Lao PDR's small share of total GHG
emissions, primarily from fossil fuels, mitigations of such emissions also was found to be
worth pursuing.At the same time the net sink performance inthe forestry sector was found
to reflect a need to continue to balance utilization and conservation of forest resources.

Development related to mitigation actions over the past decade, focused on measures
related to renewable energy and forests, are summarized below.

4.2.1 Energy Sector

There are three major sources of energy for domestic and economic activities in Lao
PDR:biofuel, hydropower and fossil fuel. More than half the energy in the country comes
from biomass, particularly fuelwood and charcoal. In 2002 fuelwood constituted about
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56 percent of total energy consumption, followed by petroleum, at 17 percent. Electricity
and charcoal each constituted 12 percent. The remainder was from coal and other sources
(ADB, 2006). By user, the residential sector consumed more than half of the total supply,
followed by the transport sector (26 percent) and industry (20 percent). Small proportions
were consumed by agriculture and commerce.

4.2.1.1 Hydropower

Hydropower remains the most abundant and cost-effective energy source in Lao PDR.
Excluding the mainstream Mekong River, the country has more than 26,000 MW of
hydroelectric power potential; of this, about 70 percent is technically exploitable. Less
than 2 percent of the country's hydropower potential has been developed during the past
30 years. Itis expected that development ofhydropower will not only fulfil domestic electricity
demands, which are increasing by 8 to 10 percent annually, but also will support the
regional demand for power supply and indirectly enhance GHG mitigation efforts of
other Southeast Asian countries. Agreements for future hydropower exports are in place
with Thailand, VietNam and Cambodia.

The Government has put in place policies that promote renewable energy and guide the
actions to be taken at operational levels. The main energy policies over the past decade
that have contributed to national GHG mitigation efforts include:

. Increase of households with electricity to 70 percent by 2010, with a goal
of 90 percent by 2020

. Development of relatively low-cost indigenous fuel to reduce the import of
expensive petroleum products and the consumption of fuelwood

. Development of hydropower to meet the country's power demand as well as
to provide export earnings from electricity sales to neighbouring countries

. Implementation of appropriate pricing policies to induce efficient
consumption patterns and accelerate implementation of public policies on
fuel substitution, energy efficiency and conservation

. Strengthening of institutional capacity in the energy sector, particularly on
training, policy formulation, projectimplementation and financial management

Under the policies above, various measures have been undertaken by relevant Ministries
and departments. In particular, the GoL has continuously developed different sizes of
hydropower projects across the country throughout the past two decades.
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As shown in Table 4-1, before 2000 12 hydropower plants with a total installed capacity
of 2,120 MW were developed. During the 2000s, several new plants were developed,
while some old ones were terminated. By 2011 14 hydropower plants with a total installed
capacity of2,548 MW were in operation.It is expected that another 10 power plants with
more than 4,300 MW of installed capacity will be in operation within a few years, while
more than 50 prospective plants, with about 13,000 MW, are in the planning or feasibility
study stage.Assuming that the installed capacity operates at 50 percent per year and CO
reduction at 0.673662 Gg/TJ,t Lao PDR may have contributed directly and indirectly to
about 2,163 Gg of CO, reduction in the 2000s. Moreover, this amount could more than
double in the 2010s.

Table 4-1:Power projects in Lao PDR as of January 2012

: Imputed
umber otal installed CO reduced
plants capacity (MW) : per year
Developed before 2000 12 2,120.5 26,718.30 1,799.91
Operational 14 2,548.5 32,111.10 2,163.20
Under construction 10 4,331.2 54,573.12 3,676.38
Under planning 23 5,930.9 74,729.34 5,034.23
Feasibility study 33 7,266.5 91,557.90 6,167.91

Source: Adapted from Department of Energy Business, Ministry of Energy and Mines, Power Projects in
Lao PDR (www.poweringprogress.org,Electric_ Power_Plants_in_Laos January 2012.pdf)

Note: Assuming installed power plant operated 50 percent per year.1 MW =3.5GWhlyear, 1 GWh=36TJ
4.2.1.2 Rural Electrification

Rural electrification has been one of the key strategies to fight poverty in Lao PDR. Under
this policy, the Rural Electrification Programme was introduced in 1995 to extend the
electricity grid to rural households and promote off-grid renewable energy throughout
the country. With a total ofUS$138 million in grants and loans through the World Bank,
electricity access across Lao PDR between 1995 and September 2010 steadily increased,
to 71 percent from 16 percent, and reached 730,000 households.? The electrification
programme has enhanced agricultural productivity and off-farm activities alike, as well
as extended social and education opportunities in rural communities.

1 Derived fromfigures inenergy sector of National GHG Inventory for 2000, Thailand, CO/fJ =0.673662.
2 http://web.worldbank.orgfWBSITEIEXTERNAUCOUNTRIES/ EASTASIAPACIFICEXT ILAOPRDEX-
TN/O,contentMDK:22858227-pagePK141137-piPK141127-theSitePK:293684,00.html
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Under the programme, cost-effective incentives are provided to the rural poor to connect
to the grids, while policy assistance and capacity building are also carried out. The Rural
Electrification Programme covers social and development aspects such as:

Cross-subsidies in the tariff system, covering 20 percent of the cost of supply to rural
households to ensure that electricity costs for these households are not higher than
alternatives for lighting (kerosene and rechargeable batteries)

Village screening programme that ensures that villages with clinics, schools, irrigation
systems and higher potential for economic growth are prioritized

Power to the Poor, a component that provides interest-free credit for poor families to
connect to the grid. It particularly benefits female-headed households, since these are
usually the poorest and most vulnerable in rural communities

Productive Use of Electricity, a programme that provides support to local communities
and rural households to use electricity for income generation

Assessment of the project shows outstanding achievements. These include:
An almost fivefold increase in access to electricity between 1995 and 2010

35,000 of the households connected using off-grid systems such as solar home systems or
mini-hydro power plants

A growing number of new businesses, especially retail stores, weaving and knitting
shops, and rice mills, in newly electrified villages. Since electricity arrived, about 30 new
businesses per village have been established.The use of electric tools and appliances has
improved living standards and allowed for other productive activities. In addition, electric
lighting extends the evening hours for the family to work at home or to study

An increase in agency capacities in planning, design, procurement, installation, and
assessment of environmental and social impacts

An increase in connection rates in previously electrified villages, from 70 percent to 95
percent on average
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Design of an innovative system to manage off-grid connections in remote areas. Solar
home systems and small village-based hydro schemes have helped electrify more than
23,000 households in villages without grid coverage

Achievements of the rural electrification programme demonstrate the integration of climate
change policies into the national development process, especially with regard to poverty
reduction.  Overall, electrification reduces the use of kerosene for lighting, and hence,
emissions of C02. Assuming average household consumption of kerosene is 30 litres
per year, the electrification programme could reduce kerosene burning by more than 2.1
million litres annually. Assuming net calorific value and emission factors of 37.5 MJ/litre
and 71.5 tCO2ff], electrification in Lao PDR has thus reduced C02 emissions by about
5,630 tonnes (78.75 TJ*71.5 trrJ) per year.

At the same time, the programme has encountered various challenges and constraints.
Payment for off-grid electricity, although heavily subsidized, had to be partly shouldered
by the rural poor. Monthly fees were due even when farmers did not use electricity (for
example, if they were away to other farm plots for a period of time). The high value of
solar panels and power storage utility facilities make them susceptible to robbery (Hanna,
2008). In addition, a lack of diversified models for other off-grid technologies hindered the
options to develop off-grid systems indifferent conditions (World Bank, 2011).Sustajning the
off-grid system to eradicate poverty in Lao PDR remains a considerable challenge.

The experience of the programme confirms that switching energy from fossil fuels to
renewable requires a high cross-subsidy and would not be possible for LDCs such as Lao
PDR without sufficient international support.

4.2.1.3 Energy efficiency and conservation

Energy efficiency and conservation efforts have concentrated on the residential and
manufacturing sectors. The Demand-Side Management/Energy Efficiency (DSM/EE)
Project, a component under the Rural Electrification APL Phase 1 Project (REP 1),
was established to increase access to electricity of rural households in the central
and southern provinces of the country. REP I is funded by the World Bank/GEF.
The DSM/EE project is divided into two phases, Phase | (2007-2010) and Phase 11
(2010-2012). The overall objectives of Phase | were to determine reasonable energy
consumption levels for the major energy-consuming Ministries/agencies and to
address the issue of inefficient practices in public-sector electricity consumption. The
improvement of such inefficiency not only is expected to generate positive fiscal and
financial impacts, but also to enable the country to generate more revenues from
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electricity exports as a result of savings from this higher efficiency.

DSMIEE project tasks include:

1. Capacity building of DSM cells and energy conservation

2. Development of a public-sector energy efficiency programme
3. Expansion of the energy consumption database

4, Development of a residential sector DSM programme

5. Undertaking of a household appliance saturation survey

A shortcoming of the DSM programme has been the persistent lack of public awareness and
adoption of energy-efficiency technologies and practices by public agencies and customers
of the Electricity Authority ofLao PDR (EdL) (World Bank, 2011).

4.2.2 Forestry sector

In 2001 the forestry sector contributed about one-fourth of export earnings and about
3.2 percent of GDP (Ministry of Agriculture and Forestry, 2005). This does not include
the contribution of NTFP to the subsistence livelihoods of rural communities. Because
wood energy, including fuelwood and charcoal, remains the dominant source of energy
for cooking in both urban and rural areas, this makes the forest sector highly important
to national social, economic and environmental development. As confirmed by the 2000
GHG Inventory, the land-use change and forestry sector is the most important source and
sink in the country, and hence the most vital sector for a national response to address
climate change issues. Mainstreaming climate change mitigation and adaptation into
sustainable forestry development, such that this contributes to national socioeconomic
development objectives, is therefore a key issue for Lao PDR.

Of the total area of 23,680 million ha, forest areas with more than 20 percent canopy
density comprise about 41.5 percent. To ensure that the forestry sector maintains its
ecological services and continues to support sustainable livelihoods for the rural poor,
the GoL established a policy to stabilize shifting cultivation by 2005 and to completely
eradicate the practice by 2010. The policy also aimed to expand economic forests and
accelerate classification and delineation of forests for protection, conservation and
production purposes. Several forest-related laws, decrees and orders have been promulgated
since the 1990s (Ministry of Agriculture and Forestry, 2005).
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Table 4-2 shows the change in size of forest areas over the last decade, as well as planned
and targeted areas for the next two decades. During the past decade, officially declared
forest areas (defined as areas with canopy density of at least 20 percent) increased from
less than 10 million ha in 2000 to about 13.6 million ha in 2010.The Government further
plans to increase the forested area to 65 percent of total land by 2015, or 15.4 million ha,
and to particularly promote protected and conserved forests. This could be achieved by
rehabilitation and replantation of degraded or abandoned land. By 2020, the Government
plans to increase the forested area to 70 percent of total land.

Maintenance/expansion of forest areas also means maintaining/enhancing the GHG sink
capacity of the country. Assuming biomass of 90 tonnes of CO , per ha of forest land, the
emissions avoided or potentially avoided in 2010 were as much as 338,000 Gg; this could
increase by 160,000 Gg in 2015 and another 106,000 Gg in 2020. If these targets are
achieved, Lao PDR could avoid emissions of up to 600,000 Gg of CO, per year.

However, huge economic costs are involved. Keeping 70 percent of the country's land as
forest for global benefits despite pressures to use land resources to reduce poverty will
require cautious policy measures.This also brings to a test the potential of new UNFCCC
mechanisms to enhance sinks, particularly NAMA and REDD+.

Table 4-2:Areas of production, protection and conservation forest in 2000, 2010and 2015
(000 ha) and potential emissions avoided (mil.tonnes)

2000 2010 2015 2020

(planned) g (target)
Production NA 3,100.0 3,100.0 NA
Protection NA 6,881.0 8,200.0 NA
Conservation NA 3,600.0 4,100.0 NA
Total 9,824.7 13,581.0 15,400.0
Rehabilitation 1,670.0
Replantation 111.5
Planned total 15,362.5
Targeted total 15,392.0 16,576.0
Incremental 3,756.3 1,781.49 1,184.0
Potential CO, emissions avoided (mil.tonnes) 338.07 160.33 106.56

Note: NA =Not Available.
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Sources: Data for 2000 are obtained from National Forest Inventory, 2002; data for 2010
and 2015 are from Five-Year Sustainable Forest Protection Action Plan (2006-10) and
Future Directions for 2011-2015, Department of Forestry; and data for 2020 are from
Forestry Strategy to the Year 2020. The planned total for 2015, by calculation, is slightly
lower than the targeted total; on the other hand, the two were slightly lower than the sum
of the three categories.

4.3 Mitigation Under CDM Projects

The GoL has already approved 10 Clean Development Mechanism (CDM) projects with
a total mitigation potential of 1,450 Gg of CO, per year. Of these, six projects are
hydropower, with the remainder comprising one each from agro-forestry, biogas, energy
efficiency and alternative fuel. Out of the 10 projects, only two — Beer Brewery energy
efficiency and Xekaman 3 hydropower project, have been approved by the CDM
Executive Board (Table 4-3). The time consumed from project development to final
approval was high, with the process generally taking at least 1 or 2 years, but some could
take even 3 or 4 years. This issue will need to be urgently addressed.In terms of CO,
mitigation, hydropower projects have much higher potential than other types of projects.
Overall, the six hydropower projects contributed to more than 90 percent of the total
estimated CO, reduction.

Another four projects (three hydropower and one afforestation) are under development
and are expected to be submitted for approval soon.

Table 4-3: List of CDM projects approved by the DNA ofLao PDR

Estimated
% i
Beer Brewery energy efficiencye 18/1/07
2 Xesetll hydropower project 1n/09
3 Rubber base agro-forest system 35.72 18/5/10
4 Biogas project 32,51 1214/2011
5 Cement alternative fuels project 66.25 10/3/2011
6 NamLik 1-2 hydropower project 204.57 9/8/2011
7 Xekaman 3hydropower projecte 499.48 9/8/2011
8 Nam Lik 1 hydropower project 120.23 711112011
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9 Nam Sim hydropower roject 18.73 7/1112011
10 Num Gneum 5 hydropower project 290.82 7/1112011
Total 1,452.01

Note: * =Projects already approved by the CDM Executive Board

4.4 Mitigation Options and Potential

The above sections describe the emissions options identified in the FNC and key
mitigation measures taken by Lao PDR since the FNC. These measures were the result of
national sustainable development policies and planning. The policies took into account
the priorities of socioeconomic development objectives, considering natural resource
conservation and environmental protection, including from climate change. This section
discusses the assessment of mitigation potential for the future, under different technical
options and by sectors.

4.4.1 TheApproaches

The main objective of this assessment is to enhance national technical capacities to develop,
formulate and prioritize mitigation options that would form a basis for policymakers to
develop national sustainable policies on climate change. To assess mitigation options,
several Working Groups were established to analyze mitigation potential in the energy,
industrial processes, agriculture, land-use change and forestry, and waste sectors.

The mitigation assessments involve the projection of GHG emission baselines or BAU
scenarios and identification of mitigation options for future GHG reduction. The baseline
scenarios were developed from historical data and projected into the future by 20 to 50
years, depending on the sector. Mitigation options were identified based on commercially
available soft and hard technologies, or those believed to be potentially available over the
relevant periods (Ministry ofNatural Resources and Environment, 2012).The assessment
was not able to apply the prioritization criteria described; instead, national development
policies and plans, national circumstances and expert judgment were used to identify
potential technologies likely to be favourable to Lao PDR. This was due partly to data
availability, as well as to the complexity of assigning and aggregating indices for the
criteria (Ministry ofNatural Resources and Environment, 2012).

Results of the assessment for each sector are summarized below.
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4.4.2 Energy sector

Energy combustion covers the power or energy industry, manufacturing and construction,
transportation and residential establishment. Energy consumption in Lao PDR is projected
to increase from 2,654 Ktoe in 2010 to 3,036 Ktoe in 2015 and 3,667 Ktoe in 2020.
Assuming 90 percent of fuel demand is consumed, CO, emissions from fuel demand
could be estimated as shown in Figure 4-1. CO, emissions increase steadily from about
1,000 Gg in 2010 to more than 1,800 Gg in 2015 and nearly 3,000 Gg in 2020.

Figure 4-1Projected CO,, emissions from fuel consumption,2010,2015and 2020 (Gg)
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Several mitigation measures identified in the FNC have already been implemented, as
previously discussed. Many, such as the Rural Electrification Programme, will be carried
out until 2020. Other potentials have been identified in other studies and consultation
processes. Taken together, it is believed that GHG reduction can be achieved through the
following measures:

1.Power generation

a) Electrification: targeted to increase access to electricity to 90 percent
by2020

b) Renewable ene!lD'":accelerating the development of renewable energy
from solar, wind, biogas and hydropower for urban andrural areas

c) Cleaner energy: making use of coal-bed methane and coalmine
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methane, while also seeking cleaner technologies for development
of the country's abundant lignite resources

d) EnemY efficiency and sayings: introducing or improving energy-
efficient technologies such as lighting and appliances, as well as energy-
efficient buildings

e) Public awareness on energy saving: through implementing initiatives
such as car-free day, Earth Day and World Environment Day

2.Industrial processes
a) Energy efficiency: improving energy inputs in production processes

b) Waste minimization: reducing wood waste through the enhancement
of furniture manufacturing efficiency

c) Energy from wastes: promoting the use of agricultural wastes or
residues to produce energy or heat for post-harvest activities

3.Transport sector

a) Fuel efficiency: stimulating improvements by controlling the import
and use of secondhand vehicles, proper vehicle maintenance and
promotion of the use of fuel-efficient vehicles (e.g., hybrids, battery
and solar cars)

b) Fuel switching: by promoting alternative low-carbon fuel sources
such as biofuels and compressed natural gas (CNG)

c) Improved road and land-use planning:promoting dense settlements
instead of urban sprawl

d) Expansion of public transport: by improving infrastructure and
facilities that support the mass transit system, such as buses and
trains

e) Promotion of fuel-free commuting: including the use of bicycles
and walking paths, especially in tourist-attractive towns

4.Building sector

a) Introduction of energy-efficient heating and cooling systems, lighting
and appliances

b) Improvements in building thermal integrity through insulation and
air sealing
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c) Use of solar energy in active and passive heating and cooling, and
effective use of natural light ("day lighting,.) by innovative design

d) Effective wastewater management/treatment and reuse

In practice, economic and/or regulatory instruments have been used to improve energy
efficiency. These include:

. Voluntary and mandatory measures on energy efficiency performance
standards, building codes, appliance efficiency standards, and efficiency
labelling

. Regulatory control of outdated and secondhand engines, fuel standards and

low- carbon fuels, as well as performance and emissions standards

. Market-based solutions including GHG or energy taxes, cap-and-trade systems,
and subsidies and incentives for renewable energy and application of waste for
energy

Some of these instruments are already in place in Lao PDR, while others have not yet been
introduced (Ministry of Natural Resources and Environment, 2012). These options could be
pursued unitarily, bilaterally or multilaterally through many opportunities, including CDM,
NAMA or REDD+ and other flexible, pragmatic financing mechanisms.At the same time,
more comprehensive studies are needed to analyze priorities within and between sectors,
resultant social and economic welfare, and environmental aspects of these options.

4.4.3 Industrial processes

Mitigation options for industrial processes in general include: 1) standardizing the
production process and technology; 2) improving wastewater treatment and other
pollution controls; 3) using efficient lighting, processing and heating; and 4) applying
or recycling raw materials or wastes. Note that the energy-related options are already
included in the energy sector.

Two types of factories in Lao PDR, cement and lime, as well as iron rod processing, are
key contributors to GHG emissions from industrial processes. Relevant mitigation
options thus focus on these two industries.
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During 2000-2009, cement production in Lao PDR grew dramatically, at a rate of 12
percent annually. Using GDP as the driver, the projected demand for cement to 2020 is
estimated as being at about 4.5 million tonnes, and at 20 million tonnes by 2050 (Ministry
of Natural Resources and Environment, 2012) (Figure 4-2). Based on the production plan,
a new plant will be operating in 2013. Assuming operation at full capacity over the next 5
years, total cement production in Lao PDR could reach a 3 million tonnes by 2020. Using
this figure as a conservative estimate, and assuming the continuation of present technology,
emissions in CO, equivalent therefore could be as high as 1,530 Gg in 2020.

Figure 1-2: Actual cement consumption to 2008 and projected demand to 2050 (tonnes)
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Based on the best available technology,’ four main potential mitigation options for the
cement industry have been identified. These include thermal and electric efficiency,
alternative fuels, clinker substitution, and carbon capture and storage (CCS). These are
capable of reducing CO, emissions by one-third from the “business as usual” scenario in
the next four decades.

Under national circumstances, energy efficiency and alternative fuels are potential
technologies during the next two decades. Clinker substitution and CCS options are
possible only at the later stages. Detailed technical assessments and financial implications,
as well as the potential for flexibility mechanisms, are yet to be studied.

4.4.4 Agriculture sector

In agriculture only paddy and livestock, the two key sources, were covered. To project
their emissions, paddy areas and number of livestock were used as dependent variables,

3 See, for example, IEA (2008, 2009), CSI (2009), ECRA (2009), CCAP (2008), McKinsey (2008)
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and GDP and population variables were used as the drivers. The potential emission trends
to 2030 were then derived (Ministry of Natural Resources and Environment, 2012).
Figures 4-3 and 4-4 show the forecasts. Methane emissions from paddy are projected to
increase from less than 150,000 Gg in 2001 to more than 300,000 Gg in 2030. Similarly,
emissions from livestock are projected to more than double, from more than 120,000 Gg
in 2001 to more than 250,000 Gg in 2030.

Several technically feasible mitigation options in agriculture have been identified. These
include:

. Applying advanced water and fertilizer management, such as Multiple
Aeration Technique and Multiple Nutrient Urea Block; improving soil
amendments, organic matter management, tillage, rotation, and cultivar

selection
. Improving livestock production efficiency
. Applying balanced feeding, lowering the nitrogen content of animal

feeds, employing waste-to-energy technology and introducing household-,
community- and farm-based biogas facilities

. Promoting new technology transfers for wastewater treatment, such as
biogas digesters and bio-ethanol production for agro-processing industries

. Promoting public awareness on green consumption patterns in agricultural
products

86



Figure 4-3:Forecast methane emissions from paddy land, to 2030
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Figure 4-4:Forecast methane emissions from livestock and manure management, to 2030
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445 Forestry

The GoL has been implementing the National Forest Strategy to the Year 2020 since July
2005. Within the broader objectives of LDC graduation and eradication of poverty in the
country, sustainable forest management has been identified as a key element.

Specifically, capacities of the public sector are being enhanced to ensure effective
management of forest resources. Laws and regulations will be revised to integrate
sustainable NfFP utilization into rural livelihood systems, while environmentally
sensitive areas will be properly guarded (Ministry of Agriculture and Forestry, 2005).
Under the strategy, forest areas also are being expanded to 65 percent of total land in
2015 and to 70 percent in 2020, as discussed above. Also as noted, opportunities exist to
mobilize new mechanisms under the UNFCCC, such as NAMA and REDD+, to support
forest expansion measures.

With regard to technical aspects, mitigation options the in forestry sector are:

1. Stop "slash and burn™ agriculture and stabilize shifting agriculture; protect
existing forests, plus enhance forest management, afforestation of degraded
forest and reforestation

2. Reduce off-site burning by substituting wood fuel with alternatives such
as biogas, small hydro, energy-saving stoves, agricultural residues and
community-based fuelwood plantations in forest-dependent communities

3. Reduce forest fires by setting regulations and other necessary measures

4. Integrate forest management, reducing logging while enhancing forest
certificate systems and encouraging sustainable NfFP and community-based
forest management, including promoting ecotourism

5. Effectively map and plan for sustainable landuse, based on land use suitability

6. Develop/improve regulations and enforcement to minimize forest impact
caused by development projects, land encroachment into National Protected
Areas, or conversion of forests for agriculture expansion and other types of
land uses that appear unsustainable

7. Pursue carbon market opportunities and early introduction of pragmatic
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flexibility mechanisms, particularly the REDD+, CDM and NAMA

8. Promote forest plantation with appropriate species, especially in the context
of improving degraded forest as well as expanding carbon storage and means
for improved livelihoods

If implementation of the national strategic plan is successful, Lao PDR would have a total
forest cover of about 16.58 million ha in 2020 (Figure 4-5). The country's forests, at that
size, would mitigate about 75,000 Gg of CO, especially from the increase of biomass
stock as well as from rehabilitation and mainterumce of existing forest from the BAU #

Figure 4-5: Projected and "business as usual” forest area scenarios to 2020
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Realizing these targets will be very challenging, since demands and pressures on forest
resources remain extremely high.Financially, as estimated by the Ministry of Agriculture
and Forestry, US$180 million will be needed to fulfil implementation of the Forestry
Strategy and achievement of the targeted goals. In addition, mitigation measures and
options will need to be considered and implemented effectively.

In the end, one of the most important activities will be the development of sustainable
forest resource management plans for each type of forest in the climate change context,
along with effective implementation, including laws enforcement. In addition, sufficient
financial and human resources need to be ensured for implementation. Moreover, other

4 For details, see Ministry ofNatural Resources and Environment, 2012.
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actions such as poverty reduction, integrated spatial planning, sustainable land use and
suitability planning, and application of corporate social responsibility (CSR) among
developers will be necessary to enhance sustainable forest management practices.

446 \Waste

Waste generation to 2030 was projected using the assumptions of an increasing rate of
per-capita waste generation in urban and rural areas over time and based on demographic
projections. The Waste production was projected to be 5.4 million tonnes by 2010,
11 million tonnes by 2020 and 18.3 million tonnes by 2030 (Ministry ofNatural Resources
and Environment, 2012). Assuming that (a) 20 percent of waste disposal was landfill in
2010 and that it increases by 20 percentevery 5 years, and (b) 10 percent of this is sanitary
landfill in 2010 and that it increases 5 percent every five years, estimates were made with
regard to CH, emissions from managed and unmanaged landfill until2030 (Figure 4-6).

Mitigations proposed under the National Climate Change Strategy, the FNC, and the
Environment Strategy 2020, and Action Plan 2010 include:

a) Reduce waste generation through applying the "3Rs" (reduce, reuse and
recycle)

b) Upgrade solid waste collection services in major urban centres and
neighbourhoods

¢) Compost organic contents to manufacture organic fertilizers

d) Effectively manage sewage sludge from domestic septic tanks and slurry
from waste treatment plants

e) Construct new landfill facilities that can capture methane; if financially
viable, retrofit existing landfills

f) Integrate waste management into environmentally sustainable urban
development

g) Promote the CDM or other financial mechanismsin the waste management
sector

Three mitigation options in waste management also have been identified in the National
Climate Change Strategy: (1) education and awareness to reduce waste generation; (2)
practice of the "3Rs"; and (3) conversion of waste to energy and fertilizer. Under certain
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assumptions, it was estimated that these three options could reduce CH_ by about 31,000
Gg by 2030; nearly all of the reduction would come from conversion of waste to energy
and fertilizer (Figure 4-6)°

Figure 4-6: Projected CH , emissions from wastes and net of different mitigation measures
(Go)
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4.5 National Policies and GHG Mitigation

As indicated in the FNC, Lao PDR initiated economic reform in 1986 and has emphasized
environmental protection to ensure sustainable development. The Government's
objective is to integrate environmental concerns into long-term development planning,
particularly into the national socioeconomic development planning process. Public
bodies responsible for natural resource conservation and environmental protection have
also been institutionalized and gradually strengthened through reorganization.

At present the National Environmental Committee (NEC), chaired by the Deputy Prime
Minister, remains the top body providing policy guidance on natural resources and the
environment. Under the guidance of the Committee, MONRE is responsible for natural
resources and environmental policies and plans. As noted above, the Department ofNational
Disaster Management and Climate Change (DNDMCC) has been established under the
Ministry to carry out tasks related to climate change. Similar to other environmental

issues, national climate change policies are guided by the NEC, whose structure is shown
in Figure 4-7.

5  For details, see Ministry ofNatural Resources and Environment, 2012.
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Figure 4-7:Institutional arrangementsfor climate change under the NEC
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During the first half of the 2000s, line Ministries gave particular attention to forest
conservation and development, with more plantation and a decline in exploitation.
Allocation ofland use between forest conservation and agriculture, particularly in upland
areas, was clearly defined with community participation. Thus, the GoL expended
considerable effort to balance rural poverty reduction with forest protection.

During 2006-2010, the GoL became increasingly aware ofthe global challenge of climate
change and introduced the issue into the Sixth National Socio Economic Development Plan,
while also expanding relevant cooperation in the Mekong sub-region. As development of
hydropower and expansion of forest cover intensified, this resulted in substantial
emissions avoided over this period, as illustrated in the preceding sections.

The National Steering Committee on Climate Change, chaired by the Deputy Prime
Minister, has provided insight and guidance for preparation of the National Climate
Change Strategy and integration of the climate change issues into NSEDP-7. Mitigation
aspects under the two plans, which have been implemented since 2010, are summarized
below.

45.1 Mitigation and the Climate Change Strategy of Lao PDR

As noted above, the purpose of the National Climate Change Strategy is to outline
the GoL's approach to mainstreaming climate change in  NSEDP-7, building climate
resilience in critical sectors in relation to economic development and poverty reduction,
and involving its people in partnership with the international community.

Under this vision, goals and guiding principles, and taking into account the national
circumstances, the Government has identified a series of priority actions on mitigation
to ensure low-carbon growth that can be considered as "nationally appropriate mitigation
actions” according to the Bali Action Plan. Among the key sectors of the economy,
sustainable transport systems, sustainable energy efficiency, sustainable forestry
management and conservation systems, and development of national technical capacity
are considered the most important mitigation strategies. These actions, which have been
previously noted, will be integrated into key areas of development as again summarized:

Agriculture and food security. Potential actions include improved water and organic matter
management, soil amendment and planting techniques to reduce methane emissions from
paddy fields. Enhancing production efficiency and balanced feeding to reduce methane
emissions from enteric fermentation and livestock manure, along with development of
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community- and fann-based biogas facilities, also are specified, as noted above.

Land-use change and forestry. Key strategies to increase forest cover to 70 percent of
total land by 2020 include stopping slash-and-bum agricultural practices, enhancing
alternative sustainable livelihood strategies, increasing the use of alternative energy
sources to fuelwood, integrating forest management and forest fire protection, and
effectively mapping and planning land uses.

Energy and transport. Several strategies have already been implemented and will continue;
among them are expanding electrification, accelerating development of renewable
or cleaner energy, enhancing energy efficiency, promoting low-carbon transport and
improving public awareness.

Industrial processes. Major components of the strategy encompass improving energy
efficiency and promoting renewable energy sources, as well as reducing wood waste in
wood processing.

Waste. Several potentials particularly exist to mitigate GHGs in urban development
patterns, including the reduction of solid and water wastes, enhancing practice of the
"3Rs" and of waste disposal facilities, and integrating GHG mitigation measures into
urban development planning.

4.5.2 Mitigation and the Seventh National Socio Economic
Development Plan

Under NSEDP-7, the GoL aims to maximize the hydropower capacity of the country
and turn Lao PDR into the "battery" of the upcoming ASEAN Economic Community.
Increasing forest cover areas also will be vital to developing a sustainable hydropower
system. In addition to the social and economic targets set by the Plan, the Government
has set natural resource and environmental targets as follows:

. Expanding forest cover areas to 65 percent of total land

. Completing land allocation, particularly between different types of forest
land and other types of land use

. Joining the global community to fight the negative impacts of climate
change by appropriately utilizing and conserving natural resources and the

94



environment, taking into account mineral exploitation as well as soil, water
and air quality preservation

. Protecting the country from natural disasters such as forest fires, droughts
and floods

Priority programmes and projects have been specified to ensure social and economic
objectives are met without compromising these natural resource and environmental
objectives. Focal areas for development priorities also are identified, as are projects for
settlement and allocation of permanent crop and residential land. In rural districts,
projects for establishing green rural areas will be developed.

Overall, the mainstreaming of climate change issues into national development planning
has imposed more constraints on national economic development path. Given the
continuing high dependency on NTFP as a somce of income inrural households, achievement
of a 65 percent target for forest cover and simultaneous enhancement of rural income
will require sustained and concerted efforts.
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CHAPTER 5

Other Information

5.1 Introduction

The FNC emphasized inventory and mitigation as steps taken to address climate change,
while other information is introduced in this SNC report. Following the Improved
Reporting Guidelines, other information covers information relevant to the achievement
of the objectives of the Convention. The main components described in this section are
crosscutting issues that include activities related to development and transfer of technology;
climate change research and systematic observations; education and public awareness;
capacity development at national, regional and sub-regional levels; and information
sharing and networking.

5.2 Development and Transfer of Technology

Technology development occurs to different extents in all activities, depending on both
existing technologies and capacities to develop new technologies. As an LDC, Lao PDR
is short of up-to-date and appropriate technologies to mitigate greenhouse gases or adapt
to climate change risks.

Under Article 4.5 of the UNFCCC, developed countries have an obligation to help
developing countries to address climate change by promoting, supporting and facilitating
the development and transfer of technology and capacity. The technology transfer issue
has been negotiated for over two decades and covers both hard and soft technologies,
including technology needs assessments, creation of an enabling environment, and trans-
fer mechanisms.

Lao PDR has received no explicit or direct technology transfer projects/activities under
the Convention. Nevertheless, some of the projects/activities under the UNFCCC, such
as those related to mitigation and vulnerability and adaptation, could contribute to
technological or knowledge development. However, the extent of this contribution has
never been assessed.
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Lao PDR also has received Official Development Assistance (ODA) or loans from
international partners, as well as from public or private investment, that related to
natural resource and environmental management in general, and in many cases, to
climate change in particular. These activities mostly comprised research or demonstration
projects. In many cases, technical or capacity enhancement components existed as well.
Similarly, however, there has been no assessment of the contribution to national technology
development or transfer from these projects/activities.

5.2.1 Projects/activities under the UNFCCC process

A pilot project on technology needs assessment (TNA), carried out in 2011, is particularly
related to development and transfer of technology under Article 4.5 of the Convention.

A TNA is a country-driven set of activities directed mainly at the identification and
prioritization of climate change mitigation and adaptation technologies. It also is a means
by which to track evolving needs in developing countries for new equipment, techniques,
practical knowledge and skills. The expected output of the TNA is the Technology Action
Plan that will identify priority technologies, including relevant actions to accelerate the
transfer and deployment of clean technologies. This project was expected to be completed
in Lao PDR in 2012.

The TNA is just the first step of development and transfer of technology, however. The
establishment of an enabling environment that promotes incentives for such transfer from
developed countries to Lao PDR, along with mechanisms for such transfer, are even more
crucial to the process. Overall, the transfer of technology to enable Lao PDR to effectively
counter the impacts of climate change depends on the prospect of international climate
change funding and the performance of the national Technology Executive Committee.

5.2.2 International Cooperation in Climate Change-Related
Projects

During the Sixth NSEDP, nearly US$90 million worth of projects/activities related to
water resources, environment, meteorology and hydrology were carried out in the country.
Of this, nearly 90 percent related to water resources, and the rest to the environment
as a whole (Table 5-1). Most projects were supported by the Asian Development Bank
(ADB), World Bank and Government of China (Table 5-1, Figure 5-1 and 5-2).
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Table 5-1: Support for water resource and environment projects, by sources, 2006-2010

Source of support Water resources Environment
Number US$000 Number USS000
World Bank 3 11,834 3 1,486
ADB 5 40,325 2 3,100
UNDP - - 9 2,589
Germany 2 6,086 - -
Sweden - - 1 1,804
Finland = = 1 850
Japan 1 7,000 2 20
China 1 13,425 - -
Switzerland - - 1 400
Total 12 78,670 19 10,249

Figure 5-1: Support for water resource projects, by source, 2006-2010

Supports for water resource projects by sources, 2006-2010

China World Bank
17% 15%
Japan
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Gernany
8%

51%
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Figure 5-2:Support for environmental projects, by source, 2006-2010

Supports for environment projects by sources, 2006-2010
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Other Sources of Technology Transfer

The common path for development and transfer of technology is through trade and investment
This type of technology transfer could be seen as "business as usual.” In Lao PDR Direct
Foreign Investment increased gradually between 1994 and 2010, with extremely sharp
growth in some years.

Public investment and ODA concentrated in public priority areas, especially those related
to poverty eradication, science and technology, and infrastructure development. On the
other hand, FDI concentrated in commercial or attractive business areas: hydropower,
mining, agriculture and forestry. Several huge investments in hydropower made FDI in
certain years (2006 and 2009) extraordinary high (Ministry of Planning and Investment,
2011).

To a certain extent, this FDI has contributed to technology transfer. However, it is important
to keep in mind that Lao PDR has invested substantially in renewable energy through the
market economy. In its efforts to mitigate GHGs, the country is paying near market prices
for technologies, instead of receiving privileges from Article 4.5 of the Convention. Thus,
it is critical to operationalize the obligations under Article 4.5 to enhance development of
technologies in LDCs such as Lao PDR.
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5.3 Climate Change Research and Systematic Observations

With limited resources, progress on climate change research and systematic observations
in Lao PDR has been slow. Nevertheless, the Meteorological Department increasingly
participates at regional and global levels on long-range climate research.

The Meteorological Department, under MONRE is primarily responsible for weather and
climate monitoring, assessment, and reporting/dissemination of the information. The
Department provides weather data and information to support domestic and international
aviation, relevant Ministries and responsible local agencies. It also cooperates with
international organizations and regularly exchanges weather data with the World
Meteorological Organization as well as provides weather information to the Mekong
River Commission Secretariat.

At this stage the Department is emphasizing the establishment of regional and local
centres on meteorology and hydrology, particularly weather stations and rainfall gauges.
International support for development of monitoring weather events and earthquakes was
received from Japan and China in 2007 and 2009 respectively. Early warning systems
were introduced, focused on weather and water level forecasts and climate and
hydrological information networking. Information is disseminated by radio transceiver,
public telephone, facsimile, email and website to the mass media, relevant Ministries and
provincial meteorological services.

With regard to human resource development, meteorologists have participated in domestic,
regional and international seminars, workshops and trainings, including on issues related
to seasonal climate cycles, EI Nino and La Nina, long-range weather forecasting and
advisories, and utilization of climate predictability tools. Lao PDR also has developed
a two-year curriculum in intermediate meteorology for students and technicians. So far,
more than 100 persons have completed this course.

At policy level, the Meteorological Department is preparing the meteorological and
hydrological strategy of the country, focused on floods and droughts. Early warning
systems have been strongly enhanced over the last decade, and meteorological
information is used to support flood forecasting procedures. The radar station in Vientiane
has improved its rainfall forecasting and flash flood warning systems. Experiences after
the Typhoon Ketsana disaster in 2009 showed that early warnings systems in the country
were not able to cope with increasing and intensified climate variation, with information
unable to be disseminated effectively to communities at risk. Development of weather
stations and networks, along with significant upgrading ofhydro-meteorological stations,
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will contribute to regional climate information in support of a systematic observation
network under the UNFCCC.

Meanwhile, research on climate scenarios in Lao PDR remains at an early stage and
benefits primarily from the regional climate model, PRECIS, or from statistically
downscaling from global models. As noted above, development of appropriate climate
scenarios for Lao PDR to support vulnerability and adaptation studies also will enhance
the national integration of climate change and disaster management.

During the period ofNSEDP-7, emphasis will be given to research and development on
early warning systems and to the development of models to monitor climatic situations
and integrate with related indicators.

5.4 Education and Public Awareness

5.4.1 Education

General education in Lao PDR consists of five years of primary, four years of lower
secondary and three years of higher secondary level. The GoL has paid special attention
to expanding education to remote rural areas, building numerous schools. These include
primary schools, special schools for ethnic groups in all provinces, and ethnic group
boarding schools. In addition, illiteracy eradication programmes have resulted in a 70
percent literacy rate for the population aged 15 years and older.These achievements have
progressively reduced the gaps in education between the sexes and improved ethnic group
participation in the broader society.

Education on natural resources and the environment has been incorporated into formal
and non-formal education in Lao PDR, and in 2004 a B.Sc. programme in Environmental
Science and Management was launched. This provided the first opportunity for
formal environmental education in the country. Courses on forest and environment or
environmental economics also have been developed. In 2009,the Centre for Environmental
and Sustainable Development Study, established in 2000, was upgraded to a Faculty of
Environmental Science.

In 2008 the National Strategy on Environment Education and Awareness (EEA) to the
year 2020, and an accompanying Action Plan for 2006-2010, were endorsed. The EEA
strategy has been derived from the national policy on environmental protection. It aims
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at providing people with environmental knowledge and skills, influencing their positive
attitudes and engagement in the preservation of the natural resources and the environment,
and promoting sustainable development.

The EEA focuses on five target areas: formal education, non-formal education, public
awareness, capacity development, and networking, collaboration and communication.
Climate change issues also have been specifically introduced into the education system,
especially at the higher education level, although as part of the main topic of environment
or as a course in certain fields.

Thus, the GoL continues to implement policies and plans that emphasize better access
to all levels of education for the people, with environmental education developed more
extensively during the 2000s. Development of infrastructure and human resources has
been of top priority. In 2011, Lao PDR and the German development agency GiZ launched
their technical cooperation on Communicating Environment and Climate Change in Lao
PDR (ComC1im); one of the main objectives of this initiative is to improve communication
and education related to environmental and climate change awareness.

At the same time, implemented activities have focused almost exclusively on the exchange
of experiences on education and public awareness on climate change, with no concrete
technical or financial support. To further enhance capacity on climate change, especially
among young people, additional support for climate change education at all levels is
needed.

5.4.2 Public awareness

Public awareness on conservation of natural resources and environment has been regularly
promoted by relevant Government agencies and non-Government organizations (NGOSs).
The GoL has actively encouraged special environmental days such as Tree Planting Day,
Fish Release Day, World Population Day, World Water Day and World Environment Day.

As one of the five target areas of EEA and its related Action Plan, public awareness on
the environment, including climate change, emphasized a wide range of target groups.
These include policymakers, officials, journalists and practitioners at all levels. During
2006-2010, a campaign for "green communities and schools" was launched in Vientiane.
As part of the campaign against global warming, 1 million trees will be planted by 2020
in the main cities across the country. Long-term impacts of these programmes remain
uncertain, however. Regular campaigns to promote environmental and climate change
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education and awareness in the form of leaflets, brochures, books and other materials
also have been implemented, and training materials and manuals for environmental and
disaster management have been developed and disseminated.

The NSEDP-7 has recognized and strongly promoted public awareness on climate
change. In addition, results of climate change studies, the NCSA, the FNC and relevant
national strategies, including CDM, NAPA and its priority projects/activities, have
been disseminated to regional and local stakeholders. Exchanges of information with
development partners and donors likewise were organized to campaign for technical
cooperation and financial support.

The National Strategy on Climate Change has improvement of public awareness a on
climate change vulnerabilities and impacts, as well as on GHG emission sources and
mitigation, as one of its objectives This awareness continues to need to be raised at all
levels, including policy, technical, operational and implementation. Participation at the
grassroots level is even more important to ensure the integration of climate change factors
into sustainable livelihood strategies.

Lastly, application of modem technologies to enhance public awareness on climate
change is yet to be developed in the country. With limited communication infrastructure
and facilities, including space technology (ICT, satellite, long-distance learning, etc.),
dissemination and exchange of information to enhance environmental awareness remains
a formidable challenge.

5.5 Capacity Building

Human resource development is a priority area of the five-year Action Plans and activities
of the Ministry ofNatural Resources and Environment. However, following the upgrade
of STEA to WREA, and currently to MONRE, capacity enhancement for relevant staff
and representatives from line Ministries is increasingly needed. Through national and
international support, national trainings on climate change have been organized.

As a crosscutting issue, capacity development is normally directly or indirectly included
in technical cooperation or assistance programmes and projects. However, it is difficult
to critically assess the outputs/outcomes or effectiveness of this component in
development programmes. Over the past two decades, technical staff of MONRE and
other line Ministries have attended domestic and international training workshops on
climate change, including inventory estimation, mitigation option analysis, CDM issues,
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vulnerability assessment, and adaptation option analysis. These activities were carried
out by responsible national agencies in cooperation with international organizations and
donor countries.

Cooperation with countries in the region and sub-region also has been developed and
strengthened to enhance national capacity on climate change topics such as climate
modelling, GHG inventory, National Communication preparation, and other emerging
Issues.

During the Sixth NSEDP, technical capacity enhancement activities on environmental
protection, including climate change, were organized at central, regional and community
levels. As a result, the environmental protection capacities of more than 700 persons were
upgraded and, in tum, applied in their respective regions. These activities will be continued
over the NSEDP-7 period.

Meanwhile, technical assistance from ADB on capacity development to cope with
climate change was launched in 2010. This involves capacity development and technical
support, as well as pilot activities on climate change in priority sectors. It addresses
capacity barriers among the national TWGs on climate change, while also raising
awareness of the public and policymakers alike. Pilot adaptation actions in the water,
agriculture and forestry sectors in support of a "learning by doing™ approach also are to
be established.

Despite efforts to strengthen national capacities on climate change, limited human
resources, high workload and high turnover rates within some Government entities
continue to be the main constraints faced by the country. At the same time, the complicated
issues and dynamics of climate change require long-term development and consistent
engagement. Because climate change remains a relatively new issue, external support
for national academic or research institutes also remains limited. Capacity strengthening
for these institutes, especially in advanced methodologies related to climate change
vulnerability and adaptation and mitigation analysis, is strongly needed.

5.6 Information Sharing and Networking

At global and regional levels, information and experiences on climate change and the
UNFCCC are shared through National Communications and participation in  forums
including Conferences of the Parties and technical workshops. The NAPA, TNA and
National Communications are key examples of information and experience sharing with
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other parties to the Convention. Regional cooperation also has been developed, with the
Geo-Informatics and Space Technology Development Agency (GISTDA) of Thailand
and the Asia-Pacific Regional Space Agency Forum (APRSAF) on remote sensing and
space technology to monitor environmental and disaster risks.

In turn, knowledge, experiences and commitments at global level have been conveyed
back to Lao PDR for appropriate responses. Within the country, the vertical flow of
information is smooth and effective mainly as a result of the existing institutional systems
and mechanisms. However, horizontal flows of information and networking remain more
critical and challenging, since good communication infrastructure and facilities are still
lacking in the country.

As noted above, although climate change awareness among the public has been
emphasized in the NSEDP-7, this area remains to be sufficiently developed in Lao PDR.
Access to Internet at provincial level is limited to urban areas and specific sectors, for
example, the public administration and the business sector.

Although Internet has been used to exchange information and network among researchers
and other stakeholders, local websites/webpages are few. At present, more conventional
approaches such as leaflets, brochures, radio or TV continue to be the main mechanisms
to disseminate information to the public. Information on project activities is primarily
developed by project implementers or support organizations, such as UNDP, World Bank,
ADB and other international or national non-Government organizations.

Likewise, the role of the national focal point for climate change with regard to information
sharing and networking remains limited. This is partly a result of the institutional change
and reorganization of agencies responsible for environmental issues during the past two
decades. Most information dissemination thus is in the form of news and events, but not
technical information or development.

Hence, there exists substantial room for improvement on information sharing and
networking at national level, with the national focal point as the centre for such
initiatives. An Internet base needs to be developed and sufficient resources provided to
maintain and update information and a website. This Internet base could reach only
selected sectors at provincial level, requiring additional appropriate approaches to be
developed at regional and community levels.

Development of a relevant information system has been identified as one of the priority
programmes in the five-year plan (2011-2015) of MONRE. It is intended that information
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and statistics on water resources, environment and meteorology-hydrology will be
systematically developed and disseminated at central, regional and provincial levels. At
the same time, this development will require strong technical and financial support.
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CHAPTER 6

CONSTRAINTS, GAPS, AND NEEDS FOR SUPPORT

6.1 Introduction

Submitting a National Communication provides an opportunity for a party like Lao PDR
to enrich and enhance its experience in addressing climate change and to fulfil its obligations
under the UNFCCC, especially in identifying constraints, gaps and related technical and
financial support needs.

In preparing the FNC report, Lao PDR was heavily dependent on external experts.
Over the past decade, however, the country has gradually enhanced its capacity
to address the issues itself. During preparation of this SNC, the national TWGs were
trained to estimate GHG inventory, with technical support from neighbouring countries
and the NCSP. Similarly, national experts, along with external resource persons, were
in charge of mitigation studies. The most problematic area for Lao PDR was in terms of
conducting long-term vulnerability and adaptation studies, where the requisite extensive
historical meteorological data and high degree of technical expertise are still lacking.

Although Lao PDR's experiences in the enabling activities have improved considerably,
the evolving issues and technical progress of climate change are even more rapid. Lao
PDR will continue to need to strengthen and update national capacity with regard to climate
change in order to keep pace with this issue.

This chapter summarizes the constraints, gaps and needs for implementation of the
UNFCCC discussed in the earlier chapters, including those experienced in implementing
the National Climate Change Strategy and its related Action Plans. These are further
separated into general (or policy) and sectoral (or specific) levels.

6.2 General Constraints, Gaps and Needs

. Transforming the national strategic plan into concrete development and
action plans. The National Climate Change Strategy has identified goals,
missions, guiding principles and priority areas, and strategies have been
integrated into sectoral development and action plans. However, the chal-
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lenge remains to effectively carry out such plans. Given that the im-
pacts of climate change are less perceivable compared to other pressing
economic issues, approaches are needed to ensure sufficient consideration
is given to climate change issues in prioritization processes.

. Effectively monitoring and evaluating actions/measures to (ulfil climate
change strategic plans and policies. Implementation of a national strategy
and action plan on climate change will eventually require the establishment
of an overall and comprehensive monitoring mechanism, especially on
integrating implementation by different agencies.1bis is especially important
for an issue such as climate change, where crosscutting areas are common.

. Ensuring fOreign  investment and international development
cooperation and assistance are in line with sustainable development and a
"green economy" in general. and with climate change strategies and
plans in particular. This is critical to a country such as Lao PDR, in
which the people are highly dependent on sustainable natural resources.

. Reviewing and revising climate change policies and plans. A need exists
to regularly review and adjust climate change policies and plans to harmonize
with national development priorities.Formulating a win-win approach will
be key for Lao PDR to pursue a national climate change strategy
without sacrificing primary socioeconomic objectives. Capacity to develop
an appropriate longer-term climate change path for the country is needed to
properly address this highly complex area of development.

. Developing research and capacity on climate change in all areas. Ex-
perience so far confirms that climate change requires integrated and in-
terdisciplinary approaches, especially at policy level. Lao PDR continues
to urgently need national capacities in this area.

. Developing policies fOr climate financing options. The options to secure
climate change finance from various emerging funding sources under the
Convention remain to be developed. These will need to be in line with
national priorities for action. They can, however, be bilateral or multilateral
for various forms of support and through appropriate mechanisms available
under the Convention.

6.3 Constraints, gaps and support needs in specific areas

Implementation of the FNC and SNC has highlighted various areas of constraints and
gaps. These are categorized by sections of the Communication as follows:
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6.3.1 National GHG Inventory

To carry out a strong inventory requires good information, good techniques and good
human resources. These are, however, all still limited in Lao PDR. Key issues include:

. Inadequate and inaccurate infOrmation and activity data (Or GHGI. More-
over, available data are not disaggregated as categorized by the IPCC
Guidelines.

. Lack of local emissions factors. Paddy cultivation and domestic animal

raising in Lao PDR are primarily subsistence-based, with conventional
technologies employed. Similarly, the highly diversified tropical forest
resources require specific emissions factors. Emissions factors reflecting
these characteristics are not available, so that default factors, which may
not be appropriate, are used. Research and development in this area will
strengthen national inventory capacity.

. Inadequate capacities oflocal researchers among relevant agencies. Gaps
exist in both knowledge and skill in understanding the processes of estimat-
ing GHGI for different sectors. More intensive training to increase national
capacities and efforts to maintain these are needed.

. Poor database to support inventory activities. A GHGI database remains to
be developed, although the recent decision of the COP requires a more
regular flow of inventory updates to the UNFCCC. Ibis database, along
with archiving of data, will need to be developed along with the improvement
of national activity data.

. Insufficient coherence and coordination. An interdisciplinary is needed to
achieve a strong GHGI, but different agencies are occupied by their prima-
ry responsibilities. Despite efforts undertaken, coordination thus remains
problematic in the inventory process. However, since the inventory is
evolving into a regular process, a strong coordination institution is needed.

. Development of regular inventory preparation programme. To comply
with the requirement that non-Annex I communicate with the UNFCCC
on the national GHGI more regularly, Lao PDR will need to significantly
improve its inventory process as well as receive strong technical and
financial support.
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6.3.2 Vulnerability and adaptation

Vulnerability and adaptation assessments were carried out only after the FNC. As
experienced in preparation of the SNC, maintaining the momentum of the NAPA process
is key. At the same time, long-term climate change research is only at an early stage,
as noted above. The vulnerability and adaptation tasks for the SNC were thus carried
out primarily by external consultants, with development of national capacities in climate
change again featuring as a prominent need. Primary constraints, gaps and needs in
vulnerability and adaptation include:

. Shortfall of appropriate climate scenarios for impact analysis. Lao PDR
needs more appropriate national climate scenarios as a foundation for
impact analysis. The climate models from which scenarios are derived will
need to have sufficient resolution to support this impact analysis. The models
also should be compatible to address issues of uncertainty.

. Poor database. A lack of long-term historical data on meteorology,
hydrology and water flow, and forest resources continues to constrain
vulnerability and adaptation studies. Data or information on crop parameters,
soil properties and parameters for climate factors are particularly lacking.

. Lack of comprehensive and in-depth studies on sectoral
impacts. especially on socioeconomic aspects in relation  to
agriculture. water resources. forests and public health. Linkages between
the natural resource and economic sectors merit integrated system studies,
which are currently lacking.

. Lack oflong-term socioeconomic scenarios to assess the vulnerability
and autonomous adaptation process in diiferent sectors. To assess
vulner- ability, a strong impact analysis should feature compatible periods
between socioeconomic and climate scenarios. This gap will need to be
addressed urgently.

. Shortage of technical experts to develop climate scenarios and
im- pact models in relevant sectors. National capacity development
requires strengthening to address gaps in climate modelling, statistical
modelling, and vulnerability assessment and adaptation for relevant sectors.

. Updated information on various sectors for vulnerability and adaptation
analysis.This includes such key information as updated vector distribution
maps for health impact analysis and regional hydrological data.
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. Need to mainstream climate risks into national disaster prevention and
risk management programme. This will need to include contingency pro-
grammes during extreme events.

. Weak local ownership of NAPA projects. By design, local communities
should actively participate in NAPA projects, but progress has so far been
limited. To ensure sustainability of the adaptation process, local ownership
of the project must be well-established.

. Need for accelerated implementation of NAPA projects, Out of the four
identified areas encompassing the proposed 12 Priority | and 33 Priority
Il NAPA projects, only two areas have received support. These cover
some of the projects under agriculture and water resources. However,
more support from climate change financing is required and should be
accelerated.

6.3.3 Mitigation

Although development in the mitigation component is more advanced than in vulnerability
and adaptation, progress nonetheless remains rather limited. In particular, national capacity
to comprehensively develop effective mitigation options for Lao PDR is extremely limited.
Key constraints, gaps and needs include:

. Limited capacities to develQP long-term projections relevant to the
mitigation analysis, to use modelling tools, and to develQP mitigation
scenarios.

. Insufficient information and data to develop alternative options analysis.

. Insufficient technical capacities to develop an integrated analysis model to

prioritize options, particularly across sectors.

. Insufficient economic incentives and prices to induce development of
alternative energy for fossil fuels, such as in the transportation sector.

. Insufficient technical and financial support for priority options, particularly

in alternative energy and energy efficiency in the transportation sector.

. Need to integration forest conservation with broader rural poverty reduction
efforts.
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6.3.4 Development and transfer of technology

Technologies are embedded in all areas of climate change, ranging from basic and
advanced or applied research and development to the implementation of actions
or measures to address issues. Adoption of appropriate technologies remains highly
important to Lao PDR. Constraints and gaps in technological aspects include:

. High capital costs in technological development
. Insufficient research and development to advance technical knowledge
. Limited integration of climate change technological needs into the national

science and technology development and innovation process

. Significant upfront investment for most available or appropriate technologies.
which are protected by patents or licenses. This represents a huge burden for
low-income countries like Lao PDR.

. Continuing need for national capacity enhancement along with
technology transfer. This requires financial assistance as well as relaxation of
protection of property rights, but is vital in enabling Lao PDR to achieve
its "green economy.. objective.

6.3.5 Climate change research and systematic observation

The Lao PDR has participated in the network of the World Meteorological Organization.
Development of the national grid system is extremely limited and urgently need to be
strengthened. Constraints and gaps are:

. Poor, inadequate and lack of uniformity of meteorological observation
system

. Limited technical capacity to handle observation network

. Lack of human resources to support the development in the areas
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6.3.6 Capacity building, including education and public awareness

Public awareness on climate change has only been implemented in recent years. Climate
change impacts are difficult to perceive, yet influence all sectors; thus, innovative ideas
or approaches to enhance public awareness are urgently needed, but financial support in
this area is inadequate.

Constraints and gaps include:

. Very limited training and public awareness programmes, campaigns or
activities at national level.

. Limited inclusion of climate change subjects into the curriculum at
secondruy and higher_education levels.

. Need to reach the grassroots level with dissemination of knowledge and
experiences in climate change.

. Extremely limited development of national capacity. especially on
the global climate change negotiation process. To promote active
participation at international level, negotiation and diplomatic skills,
including language proficiency, are vital.

. Limited research netwotk/forum among national academics, scientists and researchers
to exchange resources/eLg>eriences and COQPeration in climate change research.
A regular technical forum should be developed to promote cooperation.

6.3.7 Information sharing and networking

Information sharing and networking on climate change can contribute to many aspects
of national progress on the issue, with an efficient information system updating technical
and operational aspects as well as providing public understanding and supporting policies
and key decisions. Development of an information system and networking in Lao PDR
has not been effective thus far, especially with regard to coping with the rapid evolution of
the UNFCCC process. Without an adequate national infrastructure and transport network,
effective design of information sharing and strong technical and financial support are
even more crucial. Primary constraints and gaps on information and networking include:
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Limited information flows among researchers and Government agencies. as well as
limited dissemination to the public.especially local communities. Horizontal and vertical
systems of information flows need to be developed. Specifically, information exchange
within the scientific community and between the scientific community and policymakers,
as well as information dissemination to the public, particularly at regional level, must be
systematically developed.

. Lack of updated information. Technical and policy developments on
climate change are highly dynamic, particularly in recent years.The lack of
trained technical and human resources in Lao PDR constrains the national
ability to manage the information flow.

. Lack of an appropriate information mechanism for local conditions. Many
countries use the Internet as a tool to communicate on climate change.
However, this may not be practical in Lao PDR, and a mechanism more
appropriate to local circumstances should be designed.

. Limited role of the national focal point. The role of the national focal point
requires strengthening to make it the climate change "gateway," nationally
and internationally, so that is can perform an important role in information
sharing and networking.

. Insufficient networking with key stakeholders, particularly the private
sector and civil society. As the ASEAN Economic Community is
operationalized in the coming years, the private sector and civil society will
play increasing roles in national development processes. Thus far, however,
networking with these groups has been limited in Lao PDR. Because
climate change affects many sectors, more efforts will urgently be needed
to enhance the information network with numerous stakeholders.
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