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hn;|f]t tyf l;FrfO ljefudf ldlt @)*)÷)$÷@( ut] b]lv o;} ljefudf 
sfo{/t ;x;lra >L r'0f{ axfb'/ jnL dxflgb]{zssf] ?kdf kb axfnL x'g'ePsf] 5 
eg] tTsflng dxflgb]{zs ;'zLn rG› cfrfo{ phf{ hn>f]t tyf l;FrfO dGqfnodf 
;?jf x'g' eosf] 5 .

l;“rfO lbj; Pj+ &) cf}+ jflif{sf]T;j sfo{qmd @)&( -@)&(–!@–@% ut] 
zlgjf/_

hn;|f]t tyf l;FrfO ljefuaf6  l;FrfO lbj; Pj+ &) cf}+ jflif{sf]T;j sfo{qmd 
ldlt @)&(.!@.@% -tb\ cg';f/ clk|n *, @)@#_ ut] ljleGg sfo{qmd ;+rfng 
ul/ ;DkGg ePsf] 5 . pQm l;FrfO lbj; phf{, hn>f]t tyf l;FrfO dGqfnosf 
dfggLo dGqL >L zlQm axfb'/ a:g]tHo"sf] k|d'v cfltTy tyf hn;|f]t tyf l;FrfO 
laefusf dxflgb]{zs ;'lzn rG› cfrfo{Ho"sf] cWoIftfdf hn;|f]t tyf l;FrfO 
ljefu kl/;/df ;Grfng ul/Psf] lyof] . 

pQm sfo{qmddf ljz]if cltlysf] ?kdf nf]s;]jf cfof]usf dfggLo ;b:o >L 
dfwj a]njf;], of]hgf cfof]usf dfggLo ;b:o 8f /fd s'df/ km'ofn dw]z k|b]zsf 
k'j{ k|b]z k|d'v >L /Tg]Zj/ nfn sfoZy, phf{ hn>f]t tyf l;FrfO dGqfnosf ;lrj 
-phf{_ >L lbg]z l3ld/], hn>f]t tyf phf{ cfof]usf ;lrj >L ;'zLn rG› ltjf/L, 
phf{ hn>f]t tyf l;FrfO dGqfnosf l;FrfO ;lrj >L uf]kfn k|;fb l;Ub]n ;xefuL 
x'g'x'GYof] . pQm sfo{qmddf :jfut dGtJo hn;|f]t tyf l;FrfO laefusf pkdxflgb]{zs 
>L r'0f{ axfb'/ cf]nLaf6 ePsf] lyof] eg] sfo{qmdsf] p¢f6g k|d'v cltly dfggLo 
zlQm axfb'/ a:g]tHo"af6 kfg;df bLk k|Hjng u/L ul/Psf] lyof] . ;f] cj;/df 
hn;|f]t tyf l;FrfO laefusf csf{ pkdxflgb]{zs >L ;+lhj a/fnaf6 Investment 
for Sustainable Irrigation Development and Management in the Federal Context: 
opportunities and Challenges laifos sfo{kq k:t't ul/Psf] lyof] . To;}ul/ laut 
&) aif{df l;FrfO ljsf;df ePsf] d'Vo d'Vo pknAwLx¿nfO{ >Jo b[Zo df ptf/L 70 
years achievements in 7 minutes eGg] b[Zofjnf]sg ;fdfu|L k|:t't ePsf] lyof]. 
pQm sfo{qmddf aif{ e/Ldf hn>f]t tyf l;FrfO laefuaf6 clgjfo{ cjsf; eO{ ;]jf 
lgj[Q x'g' ePsf sd{rf/Lx¿nfO{ sb/–kq ;fy bf];Nnf cf]8fO{ ;Ddfg ul/Psf] lyof] . 
;fy} cltl/Qm lqmofsnfk tkm{ k'¿if / dlxnf tkm{sf km'6;n v]nsf lah]tf l6dnfO{ 
k'/:s[t ul/Psf] lyof] .

låkIfLo ;ldlt a}7sx¿ (Bilateral Committee Meetings)

cf=a= @)&(÷)*) df g]kfn / OlG8of aLr hn;|f]t tyf l;FrfO ;DjGwL 
lalaw laifox¿df laleGg txdf låkIfLo ;ldltsf a}7sx¿ ePsf lyP, h;df Joint 
Committee on Water Resources -JCWR_ sf] (cf}+ a}7s @# ;]K6Da/ @)@@ 
df sf7df08f}df ;DkGg eof] eg] Joint Standing Technical Committee -JSTC_ 
sf] & cf}+ a}7s ;]K6]Dj/ @!–@@ df ePsf] lyof] . To;}u/L The Joint Committee 
on Koshi and Gandak Projects -JCKGP_ sf] bzf}+ a}7s ( dfr{ @)@@ b]lv 
!# dfr{ @)@@ df ef/tsf] k6gfdf ePsf] lyof]. ;f]xL cg'?k Nepal–India Joint 
Committee on Inundation and Flood Management -JCIFM_ sf] !$ cf}+ 
a}7s ldlt (–!# dfr{ @)@@ df g]kfnsf] sf7df08f}+df ePsf] lyof]. 

l;“rfO ultljlw;DkfbsLo

l;“rfO ultljlwl;“rfO ultljlw

dxflgb]{zssf] kbaxfnL 
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hn;|f]t tyf l;FrfO ljefun] b]zdf pknAw hn;|f]tsf] 

k|efasf/L pkof]u u/L clwstd s[lif of]Uo e"lddf l;FrfO ;'lawf 

k'of{pg] p2]Zo /fvL cfˆgf sfo{qmdx? ;+rfng ub}{ cfO/x]sf] 

5 . log} sfo{qmdx? tyf cGo ljleGg lqmofsnfknfO{ ;d]6\b} 

æl;FrfO ultlalwÆ k'l:tsf hn;|f]t tyf l;FrfO laefuaf6 

k|sfzg x'b} cfO/x]sf] 5. o;sf] dxTjnfO cfTd;fy ubf{ ub}{ 

klg laut s/La tLg bzs b]lv k|sfzg x'b} cfO /x]sf] l;FrfO 

ultlalw lalaw sf/0fn] aif{ @)&* / @)&( df k|sfzg x'g 

;s]g.

bLuf] l;FrfO Jj:yfkgsf nflu l;FrfO k|0ffnLdf /x]sf 

r'gf}ltx¿ h:t} kfgLsf] cefj, lh0f{ k"jf{wf/, jftfj/0fLo 

;/f]sf/x¿ nufotsf laifonfO{ ;fdgf ug{ cfw'lgs l;FrfO{ 

k|0ffnL tyf k|ljlwsf] canDag ug{' kg]{ 5. l;FrfO k|ljlw / 

cEof;x¿df gjLgtd k|ultx¿ k|ltlalDat ug{ k'l:tsfnfO{ 

cfjlws ¿kdf cBfjlws ub}{ hfg' kg]{, ljifoj:t'nfO{ 

yk ;fGble{s / Jofjxfl/s agfpg ljleGg If]qsf l;FrfO 

kl/of]hgfx¿sf] ;Gbe{ cWoog / ;kmntfsf syfx¿ yKb} 

hfg' kg]{ x'G5 . 

hn>f]t tyf l;FrfO ljefusf ultlalwx¿ tyf ;f] 

;DaGwL n]v /rgfx¿ ;dfj]z u/L of] k'l:tsf ljutdf 

rf}dfl;s tyf q}dfl;s ?kdf k|sfzg x'b} cfO/x]sf] lyof]. 

l;FrfO ultlalwnfO{ ›'t ultdf ljsf; ePsf] l8lh6n 

ldl8of ;+u} ;do ;fk]If agfpb} kf7s ;dIf n}hfg' kg]{ tyf 

cfh ePsf ultlalwnfO Oltxf;sf] ?kdf hu]gf{ klg ug{' 

kg]{ cfjZoQmf dx;'; u/L xfnnfO{ o;nfO{ laefusf] j]a 

;fO8df l8lh6n ?kdf k|sflzt ug]{ tyf s]lx k|lt dfqsf] 

sfuhL k|sfzg  cw{aflif{s ?kdf ug]{ lg0f{o ul/Psf] 5 .  

To;}u/L  ljutdf   g]kfnL / cu|]+hL u/L b'Oj6f efiffdf 

5'§f 5'Ý} k|sflzt x'b} cfO/x]sf]df ca b]lv Pp6} c+sdf b'a} 

efiff k|of]u u/L k|sfzg ug{ ;lsg] ePsf] 5. o;y{, l;FrfO 

ultlalwdf k|sfzg x'g] hn;|f]t, l;FrfO, 8«]g]h, hn pTkGg 

k|sf]k cflb h:tf laifox¿df n]v, /rgf, ;"rgf, tyfÍ, 

cGj]if0f, vf]h, k|ljlw, cg';Gwfg, k|of]u, cEof;, l;sfO 

cflb nufot dfly pNn]lvt laifox¿ g]kfnL jf cu|]+hL dWo] 

s'g} klg efiffdf n]lv l;FrfO Joj:yfkg dxfzfvfsf] Od]n  

dwri.management@gmail.com df k7fpg' x'g ;/f]sfl/t 

;a}nfO cg'/f]w ub}{ k|fKt ;fdfu|Lx¿ cfjZoQmf cg';f/ ;Dkfbg 

u/L lgs6td\ ;dodf k|sfzg ug]{ Joj:yf klg ul/Psf]5 . 

;bfem}F kf7s tyf n]vs dxfg'efjx?af6 xfdLnfO{ cfjZos 

;Nnfx, ;'emfa / k|ltlqmof k|fKt x'g] g} 5 eGg] cfzf /fv]sf 

5f} .
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phf{, hn>f]t tyf l;“rfO dGqfnodf gof“ dGqL tyf ;lrjsf] 
kbaxfnL tyf hn>f]t tyf l;“rfO ljefudf :jfut

ldlt @)&( r}q !( ut] b]lv phf{ hn;|f]t tyf l;FrfO dGqfnosf 
dfggLo dGqLsf] ?kdf >L zlQm  axfb'/ a:g]tn] kbef/ ;dfNg' ePsf] 5. 
jxfFsf] :jfutfy{ ldlt @)&( r}q !( ut] cfOtaf/ hn>f]t tyf l;FrfO 
laefun] o;} laefusf tTsflng dxflgb]{zs >Ldfg\ ;'zLn rG› cfrfo{sf] 
;efkltTjdf :jfut tyf kl/rofTds sfo{qmdsf] cfof]hgf u/]sf] lyof]. pQm 
sfo{qmddf dfggLo dGqL >L zlQm axfb'/ a:g]tn] cfˆgf] lgb]{zg ;Daf]wgsf] 
qmddf ljefusf ;d:ofx¿nfO dGqfnosf] ;d:ofsf] ?kdf dGqLkl/ifbdf 
cfkm'n] n}hfg] arg a2tf JoQm ub}{ sfd ug]{ ;f]r, t/Lsf, ;+/rgf, ;+oGq 
nufotsf laifox¿nfO{ cem ;'9[l9s/0f ug{ cfjZos /x]sf] pNn]v ug{' 
ePsf] lyof] . 

sfo{ut k|fyldlss/0f tyf Ps?ktf sfod ub}{ xfn b]lvPsf] cfof]hgf 
lgdf{0fsf] nflu tf]lsPsf] ;do eGbf a9L ;do nfUg] k|j[ltnfO{ lg?T;flxt 
ug]{ / k|ultnfO laQLo / ef}lts ?kdf dfq dfkg gu/L ;do ;Ldfdf ;DkGg 
x'g ;Sof] jf ;s]g eGg] s'/fnfO ;d]t cfwf/dfgL o;nfO{ klg k|ultdf dfkg 
ug{ hf]8 lbg' kg]{ pNn]v ug{' eof] . s'g cfof]hgfnfO slt ;|f]t ;fwg 
cfjZos xf] j:t'lgi7tfsf] ;fy Plsg u/L oyfy{k/s eO pknAw ;|f]t 
;fwgsf] pRrtd k|of]uaf6 cfzfltt k|ult lng' kg]{ atfpg' eof] . dfggLo 
dGqLHo"af6 xfn ePsf] Joj:yf / b]zsf] cj:yfsf] vf8n k'g]{u/L sfo{qmd 
tof/ ug]{ / ;f]xL adf]lhd sfo{ ug{ lgb]{zg lbg' ePsf] lyof]. 

To;}u/L ldlt @)&( df3 * ut] b]lv phf{ hn;|f]t tyf l;FrfO dGqfno 
cGtu{t hn>f]t tyf l;FrfO tkm{sf] ;lrj kbsf] kbaxfn ug{' ePsf >Ldfg 
uf]kfn k|;fb l;Ub]nHo"nfO{ :jfut ;lxt ldlt @)&(.!).!) df l;FrfO 
ljefu kl/;/df hn>f]t tyf l;FrfO ljefusf tTsflng dxflgb]{zs >Ldfg 
;'zLn rG› cfrfo{sf] ;efkltTjdf kl/rofTds sfo{qmdsf] cfof]hgf 
ePsf] lyof] . pQm sfo{qmddf >Ldfg\ ;lrj Ho"af6 cfˆgf] lgb]{zgfTds 
;Djf]wgsf qmddf l;FrfO ldlt @)&( 6'Ëf]df k'of{pg cTofj:os ePsf] 
atfpb} ax'pb]ZoLo cfof]hgf h;n] l;FrfO, vfg]kfgL tyf lj2'lts/0f 
nufotnfO{ ;d]6\5 oL lalaw cfofdx?sf] Joj:yfkgsf nflu l;FrfO P]g 
cfjZos /x]sfn] ;f]sf] lz3| th{'df u/L kfl/t ug{' kg]{ s'/fnfO{ hf]8 lbg' 
eof]. o;} qmddf jxfFn] l;FrfO P]gdf l;FrfO dd{t ;Def/nfO{ 5'§} sfg'g 

 g]kfndf l;“rfO ljsf;sf] xfn ;Ddsf] k|ult

cfof]hgfsf] k|sf/

l;+lrt If]qkmn -x]S6/_

)&*÷&( ;Ddsf] 
pknAwL

cf=a= @)&(÷*)

sf] nIo

cf=j= @)&(÷*) sf]

pknlAw

cf=j= @)&(÷*) 
;Ddsf] pknlAw 

;tx l;FrfO, x]= !),!^,$(^ ^,))) ^,@#( !),@@,&#%

e"ldut l;FrfO, x]= %,!#,%@$ !%,))) !&,!#) %#),^%$

lnˆ6 l;rfO{ !,)$( !,$)) !)&) @,!!(

s"n hDdf, x]= !%,#!,)^( @@,$)) @$,$#( !%,%%,%)*

cfof]hgfsf] k|sf/

t6aGw tyf hUuf psf;

)&*÷&( ;Ddsf] 
pknAwL

cf=a= 

@)&(÷*) sf]

nIo

cf=j= @)&(÷*)  sf]

pknlAw

cf=j= @)&(÷*)

;Ddsf] pknlAw 

t6aGw -ls=dL=_ !,@**=@$ ^!=(^ &^=@% !,#^$=$( 

hUuf psf; -x]=_ !@,%%@=# #@@ @##=%* !@,&*%=**

agfO{ l;FrfOsf ;d:of ;dfwfg x'g] k|fjwfg /fvL 5'§} sDkgL df]8]naf6 
klg sfof{Gjog ug{ ;lsg] atfpg' eof]. o;sf ;fy} jxfFn] 7"nf 7"nf 
l/he{Ejfo/af6 x'g] l;FrfO ;'lawfsf] af/]df OlGut ub}{ ;f] af6 s] slt 
Pl/ofdf afx|} dlxgf l;FrfO k'Ug ;S5, o;af6 s] slt kmfObf x'G5 eGg] 
af/]df uxg cWoog ljZn]if0f u/L ug{' kg]{ pNn]v ug{' eof] .  :jfut 
sfo{qmdsf qmddf ePsf] k|:t'lts/0fsf] laifonfO hf]8\b} jxfFn] sl/a !% 
nfv x]S6/af6 @% nfv x]S6/df l;FrfO ;'lawfsf] nflu ;+/rgf k'of{pg' 
/fd|f] s'/f eP tfklg l;FrfO ;'lawf k'u]sf] dWo] hDdf #) k|ltzt v]tL 
of]Uo hldgdf dfq} afx|} dlxgf l;FrfO ;'lawf k'Ug ;Sg] xfnsf] cj:yfdf 
ulDe/ x'g h?/L /x]sf] atfpg' eof]. o;sfnflu gbL 8fOe;{g cfof]hgf 
tyf kfgL ;+sng ug]{ l/he{Ejfo/ lgdf{0f u/L afx|} dlxgf l;FrfO ;'lawf 
k'of{pg' tkm{ laefusf] Wofg hfg' kg]{ atfpg' eof] .

phf{, hn>f]t tyf l;“rfO ljefudf gof“ hgzlQmsf] k|j]z

 cfly{s jif{ @)&(÷)*) >fj0f dlxgfdf g]kfn OlGhlgol/Ë 

;]jf, l;len Ol/u]zg ;d"xsf @$ hgf OlGhlgo/x¿ nf]s ;]jf cfof]uaf6 

l;kmfl/; e} cfPsf  dWo] !& hgfsf] o; ljefudf kb:yfkgf ePsf] 

lyof] . galgo'Qm OlGhlgo/x¿nfO{ ! xKtfsf] cled'lvs/0f tflnd lbO{ 

ljleGg lhDd]jf/Ldf v6fOPsf] lyof] . pQm tflnddf l;len Ol/u]zg 

tkm{sf @$ hgf / @ hgf d]sflgsn tkm{sf u/L @^ hgf OlGhlgo/x¿sf] 

;xefuLtf /x]sf] lyof] .
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kl/ro      

wfg, ds} / cGo afnLx?sf] d'Vo If]q dflgPsf] emfkf lhNnfdf 

s[lif pTkfbgsf] k|r'/ ;Defjgfsf afjh't e/kbf]{ l;FrfO ;]jfsf] cefa 

tyf s[lifsf nflu pGgt laplahg, dnvfb tyf k|flalws ;]jfsf] 

cefjsf] sf/0f pTkfbg j[l4sf] ;f6f] x|f; x'b} uPsf] b]lvG5. o;af6 

t/fO{sf] cfly{s ljsf; tyf ToxfFsf hgtfsf] ;Dj[l4df ck]lIft j[l4 

x'g g;ls/x]sf] ;Gbe{df ;f] If]qsf] ;Dj[l4sf] nflu e/kbf]{ l;FrfO ;]jfsf] 

Joj:yf ul/ ls;fgsf] cfocfh{gdf a[l4sf ;fy} :yflgo :t/df /f]huf/L 

l;h{gf ul/g] s[lifof]Uo hldgdf e"lduthnsf] dfWodaf6 l;FrfOsf] ;]jf 

/  ;'lawf lj:tf/ ug{ /fli6«o of]hgf cfof]usf] ldlt @)&*÷)&÷)% sf] 

lg0f{ofg';f/ emfkf lhNnfsf] -e›k'/ g=kf=-j8f g+= !,@,# /  s]rgfsjn 

uf=kf= -j8f g+= ! b]lv &_ hDdf &))) x]S6/ _ If]qdf l;FrfO ;'ljwf 

k'¥ofpg] p2]Zon] 8Lk 6\o'jj]n sfo{qmdx? sfof{Gjog ug]{ :jLs[lt k|fKt eO 

rfn" cf=j= @)&(÷*) b]lv emfkfdf sfof{no :yfkgf eO{ sfof{Gjogsf] 

r/0f /x]sf] 5. pmhf{, hn;|f]t tyf l;FrfO dGqfnosf] ldlt @)&*÷!)÷!! 

sf] :jLs[t vl/b u'?of]hgf cg';f/ sl/a % jif{sf] calwdf lgdf{0f ;DkGg 

x'g] o; cfof]hgfsf] s'n cg'dflgt nfut /sd ?= @,%!,!@,)),)))÷– 

- cIf?kL ?= b'O ca{ PsfpGg s/f]8 afx| nfv dfq_ /x]sf] 5.cfof]hgf 

cGtu{t e›k'/ g=kf= / srgsan uf=kf= df !&%  j6f l8k 6\o'jj]n 

l;FrfO k|0ffnLsf cfaZos ;+/rgfx? lgdf{0f ul/g] of]hgf /x]sf] 5. o; 

cfof]hgfsf] sfo{If]q emfkf lhNnfsf] e›k'/ g=kf= sf] !,@ / # j8f 

tyf srgsjn uf=kf= sf & j8fx? /x]sf]df pmhf{, hn;|f]t tyf l;FrfO 

dGqfnosf] ldlt @)&(÷!)÷@) sf] dGqL:t/Lo lg0f{ofg';f/ cfof]hgfsf] 

sfo{If]q ;Dk"0f{ emfkf lhNnf / Onfd lhNnfsf] blIf0fL efu ;d]t ;d]6\g] 

u/L lj:tf/ ePsf] 5.o;/L j[xt sfo{If]q ePsf] o; cfof]hgfn] cfˆgf] 

lgwf{l/t nIo ;dod} xfl;n ug]{sf] nflu of]hgfa4, cfjZostf / 

k|fyldstfsf] cfwf/df l8k 6\o'jj]nx?sf] lgdf{0f / ljsf; ub}{ hfg'kg]{ 

cfjZostf b]lvG5 .

@= cfof]hgfsf] p2]Zox?

o; cfof]hgfaf6 emfkf / Onfd lhNnfsf s[lifof]Uo e"lddf afx|} 

dlxgf e/kbf]{ l;FrfO ;'aljwfsf nflu pknAw ;|f]t tyf ;+efjgfsf 

cfwf/df e"ldut hn  l;FrfO k|0ffnLsf] lj:tf/sf sfo{qmdx? ljleGg 

lgsfox?sf] ;xsfo{df ;+rfng ul/g]5 . cfof]hgfsf k|d'v p2]Zox? lgDg 

cg';f/ /x]sf 5g\ .

!=  e"ldut hn l;FrfO k|0ffnLsf] dfWodaf6 e/kbf]{ lbuf] l;FrfO ;]jf 

ljsf; ug]{ .

@=  s'lif pTkfbgdf a[l4 ug{ l;FrfO / s[lifsf] k|rf/ k|;f/ tyf s[ifsx/sf] 

Ifdtf clea[l4sf nflu ljljw sfo{qmd ug]{ . 

#= cfof]hgfsf] sfo{If]q

cfof]hgfsf] sfo{If]q emfkfsf] ;Dk"0f{ :yflgo lgsfox? / Onfd 

lhNnf blIf0fL e'efux? /x]sf] 5 .

emfkf e"ldut hn l;“rfO cfof]hgfM 
Ps kl/ro 

lrq != cfof]hgfsf] sfo{If]q

$= cfof]hgfsf] lj:t[t ljj/0f

qm=;= cfof]hgfsf] gfd emfkf e'ldut hn l;FrfO cfof]hgf

! cfof]hgfsf] nIo k|:tfljt sfo{qmdaf6 e"ldut 8Lk 
6\o'jj]n lgdf{0f af6 ;tx l;rfOsf] 
;+efjgf gePsf] :yfgdf e'ldut 
hnsf] k|of]u u/ &,)!( x]= s[lif of]Uo 
e"lddf l;FrfO ;]jf lj:tf/ x'g] .

@ cfof]hgfsf] p2]Zo emfkf lhNnfsf] e›k'/ gu/kflnsf 
/ s]rgfsjn ufpkflnsfsf ljleGg 
If]qdf e"ldut l;FrfO ;]jfsf] ljsf; 
/ lj:tf/ ug]{ .

# cfof]hgfsf] nlIft 

k|ltkmn

s[ifsx?nfO{ Jojl:yt l;FrfO ;]jf 
pknAw u/fO{ s[lif pTkfbgdf bf]Aa/ 
a[l¢ tyf /f]huf/L pknAw x'guO{ 
ul/jL Go"lgs/0fdf 6]jf k'Ug] .

$ lqmofsnfkx? l8k 6\o'jj]n lgdf{0f, kDk 3/ lgdf{0f, 
kDk h8fg, ljB'lts/0f, ljt/0f 
k|0ffnL, ;:yfut lasf;, ;fdflhs 
kl/rfng cfbL.

% sfof{Gjog If]q emfkf lhNnfsf] e›k'/ gu/kflnsf / 

s]rgfsjn ufpkflnsf

^ cfof]hgf cawL % aif{

& cfof]hgfsf] s'n 

cg'dflgt nfut

?= @,%!,!@,)),)))÷– -cIf?kL 
?= b'O ca{ PsfpGg s/f]8 afx| nfv 
dfq_

* rfn" cf=j= 

@)&(÷*) df 

ljlgof]lht ah]6

?=@$, !*,)),))).)) -cIf?kL ?= 
rf}la; s/f]8 c7f/ nfv dfq_
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Research work to identify the impact 
of climate change in the peak flow and 
performance of river training work in 
Karnali River

Authors: Yogendra Mishra, 
Ezee G.C., Manoj Lamichhane 

Introduction
Flood is a natural phenomenon that occurs when the 

volume of water flowing in system exceeds its total water 
holding capacity. Each year many people are killed and 
made homeless by floods. Private and public properties 
as well as expensive and often precious infrastructures are 
damaged. In order to minimize the impact of floods, an 
effective flood management is required. Now climate change 
is appear in another dimension of the flood. Climate change 
has significantly exacerbated the occurrence and intensity of 
floods around the world. As global temperatures rise, so does 
the amount of moisture in the atmosphere, leading to more 
frequent and severe rainfall events. This intensification of 
rainfall patterns has led to increased instances of flash floods 
and river flooding, overwhelming natural drainage systems 
and infrastructure. 

Irrigation Feasibility Study and Quality Construction 
Program has conducted a study to assessment the future peak 
flow and analyze  the performance assessment of the existing 
river training work of the Karnali River. The first part of our the 
research focused on the impact of climate change in the peak 
flow and the second part focus on the performance of existing 
and ongoing river training work in Karnali river. 

Peak flow estimation
The Soil & Water Assessment Tool (SWAT) model is used 

to estimate the peak discharge. The major steps in modeling 
are basin delineation and river network extraction, Hydrologic 
Response Unit (HRU) definition, climate station formation, 
parameter sensitivity analysis, calibration, and validation. 
As per the Digital Elevation Model (DEM) and information 
from the digital stream network, the Karnali River Basin was 
delineated into different sub-basins. These sub-basins were 
further divided into different HRUs using the HRU definition 
threshold of 10% for each land use, soil, and slope. To account 
for orographic effects on both precipitation and temperature, 
SWAT allows up to 10 elevation bands to be defined in each 
sub basin. In this study, we generated 500 m elevation range 
band in each sub basin. TLAPS and PLAPS are also taking 
consideration during sensitivity analysis of the model. 

The calibration results depict good agreement between 
observed and simulated data with NSE = 0.86 and R2 = 0.87. 
The validation result also depicts good agreement between 
observed and simulated data with NSE = 0.76 and R2 = 
0.82 in daily simulation. The study shows that an average 
observed river discharge is 1410m3/s and the average 
simulated river discharge is 1950 m3/s (NF), 2060m3/s (MF) 
and 2200m3/s (FF). The maximum discharge obtained in the 
year 2035 with peak annual discharge 12750 m3/sec and 
the minimum annual peak will be obtained in the year 2033 

with 6564 m3/sec. In the against of this, the observed flow 
in the same point is the maximum discharge obtained in the 
year 2000 with the value of  11300 m3/sec and the minimum 
annual peak will be obtained in the year 2004 with 5960 
m3/sec. It indicates that the peak discharge will increase in 
future and we should design our structure accordingly. The 
figure 1 shows a comparison of annual peak discharge at 
Chisapani outlet in near, mid and far future under ssp245 to 
the observed discharge from 1995 to 2008.

Figure 1. Comparasion of annual peak discharge at 
Chisapani outlet in near future, mid future and far future 
under ssp245 and observed discharge from 1995 to 2008

Performance assessment of river training 
structures

The second part of the study is to analyses the performance 
of the river training structure of the Karnali River. Studying 
the performance analysis of river training work is important 
for assessing the effectiveness, risks, environmental impacts, 
economic considerations, and opportunities for improvement. 
It enables informed decision-making, adaptive management, 
knowledge sharing, and the development of sustainable 
river management practices. The river training work in the 
Karnali River has been implementing for more than 10 years 
from the Rani Jamara Kulariya Irrigation Project and Karnali 
river management project. The performance is evaluated by 
two methods. The first one is identify the physical condition 
of the structures, their performance in site and observe the 
river morphology. And second is questioner survey to the local 
people, those are staying near the river bank.   

The embankments and spurs are the major structures 
built in the bank of the Karnali River. Most of the structures 
are in good condition and well performed. Figure 2 shows the 
location of those structures.  The study findings that, erosion of 
river bank has decreased as it before project. Sedimentation 
and flooding problem are considerably reduced. Construction 
of embankment road performs well for agriculture purpose. 
Majority of the beneficiary are satisfied with the performance 
of river training structures. However periodic institutional 
strengthening activities/trainings will be helpful even after 
the completion of project. The intervention of river training 
project has positive impacts on socio-economic condition 
of beneficiary farmers. Proper outlet work for sheet flow is 
required for various places. The satisfaction level of beneficiary 
towards the project is quite acceptable. Stakeholders asked 
for their involvement in maintenance of the river training 
structure. 
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Figure 2. Location of the embankment and spur in Karnali 
River

Conjunctive use implies the planning of harnessing of 
Groundwater and surface water resources to achieve optimal 
utilization of total water resources. It is integrated use of 
inter-relationship existing between surface and groundwater, 
it is possible to utilise, during critical periods, the surplus of 
one to tide over the deficit of the other. Thus, groundwater 
may be used to supplement surface water supplies to reduce 
peak demands for irrigation or to meet deficits in years of 
low rainfall.On the other hand, surplus surface water may be 
used in overdraft areas to increase the groundwater storage 
by artificial recharge. 

Advantages of Groundwater use include:
• Groundwater storage remains practically unaffected by 

development.

• Groundwater sources offer more dependable yields than 
surface reservoirs.

• The physical and chemical quality of groundwater is more 
consistent than that of surface water.

• Groundwater is less prone to pollution, and any pollutants 
are naturally removed or diluted during groundwater 
movement.

• Groundwater is free from sediment load and temperature 
fluctuations.

• Subsurface storage is possible,without loss of water spread 
area of surface reservoirs, facilitating cultivation.

• Groundwater can be used where and when needed, 
without seepage and evaporation losses during storage 
and transmission.

• Groundwater development schemes have shorter gestation 
periods.

• Groundwater has minimal ecological hazards compared 
to surface projects.

• Storing water underground is usually more cost-effective 
than surface storage work.

Disadvantages of Surface water development 
compared to groundwater include: 
• Evaporation: Large open water areas in surface reservoirs 

are exposed to high evaporation rates, resulting in 
significant water losses, sometimes exceeding 20 percent of 
the average annual runoff. In cases where the impounded 
valley is wide, the open water area is larger, leading to 
even higher evaporation losses.

• Sedimentation: Soil erosion in the catchment results in 
siltation in the surface reservoir and in the equivalent 
reduction of the storage capacity over time. The more 
the arid climate, the less the vegetation cover the higher 
the probability of sediment accumulation in the surface 
reservoirs.

• Environmental impact: Surface reservoirs may have 
negative environmental impacts, such as adverse effects 
on human health and other ecosystems. 

Constraints that restrict the exploitation of 
groundwater and necessitate creation of surface 
reservoirs include:
• Saline groundwater areas require surface water.

• Areas with limited groundwater resources must rely on 
surface water.

• Relying solely on wells for large water supply has the 
potential for adverse interference and land subsidence 
due to excessive withdrawals.

• Groundwater development requires energy, while surface 
water is gravity-fed.

• Surface water reservoirs serve multiple uses such as power 
generation, flood control etc.

• Surface water generally has lower in miniralisation 
compared to groundwater.

In recent years, the conjunctive use of groundwater with 
surface water has gained significant attention as an important 
water management practice in irrigation project command 
areas.Planning for conjunctive use in the command area 
involves conducting an inventory of land and water resources, 
as well as identifying areas suitable for surface irrigation, 
groundwater irrigation, or a combination of both to ensure 
optimal utilization of water resources.

The basic studies required for conjunctive use include 
evaluating hydrometeorological, hydrological, and 
hydrogeological conditions, assessing seepage rates, 
examining water quality, analyzing aquifer properties and 
potentials, determining well yields, and assessing potential 

Conclusion
The study found that construction of river training 

structure by using big boulder stone gives high performance. 
Beneficiaries are demanding for complete reach of river 
training works to remove the flooding problem. The 
beneficiaries are complained for contractor working progress 
that they were not complete the construction work on time and 
Periodic monitoring and evaluation along with performance 
evaluation is essential to give sustainability of sub project. 
Finally, the performance of river training work is good and 
it protects many agricultural land as well as settlement in 
Bardiya and Kailali district. The study also shows that, due to 
the climate change, the peak flow will increase in future and 
we should design our structures accordingly.

Conjunctive Use of Surface and Ground-
water

Lelin Raj Dhungel
DWRI, Lalitpur

lelindhungel@gmail.com
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interference effects due to pumping from other wells, canal 
flows, and stream discharges.

The beneficial effects of conjunctive use of Groundwater 
and Surface-water include:

• Helps reduce peak demands for irrigation, leading to 
smaller size of canals and lower construction costs.

• Supplemental supplies from groundwater ensure proper 
irrigation scheduling, allowing for raising multiple crops, 
and early sowing, even in cases of delayed rainfall.

• Increased water resources ensure adequate supply to tail-
end areas and areas of higher elevation.

• Groundwater exploitation lowers the water table and 
reduces the risk of waterlogging and wastage of water for 
leaching soils. This leads to saving is drainage network 
size due to reduced subsurface outflow. 

• Surface and subsurface outflows are minimised, resulting 
in a reduction in peak runoff and flood discharge.

• Constraints and deterrents in implementing conjunctive 
use programs. 

• Possibility of deterioration in groundwater quality due to 
influx of salts leaching down from the soil because of 
recycling within cones of depression and or upward and 
lateral migration of saline water into freshwater zones in 
response to pumping.

• ncreased power consumption to sustain pumpage from 
wells, possible disruption of groundwater supplies due 
to power failure in critical periods and decrease in pump 
efficiencies due to large fluctuations in water levels.

• Operation, supervision and control of conjunctive se and 
artificial recharge projects are more complex compared to 
traditional water management approaches.

Underground storage availability and production 
capacity of the aquifer

The groundwater reservoirs should present sufficient 
free space between the ground surface and the water table 
to accommodate and retain the water to be recharged, for 
the period during which water is not needed. This condition 
requires accurate hydrogeological investigations including 
geological mapping, geophysics, and reconnaissance drilling 
to determine the configuration and the storage capacity of the 
underground reservoir. 

The suitability of an aquifer for recharging may be 
estimated from the following parameters:

• Surface materials must be highly permeable to allow water 
to percolate easily.

• Unsaturated zones should present a high vertical 
permeability and vertical flow of water should not be 
restrained by less permeable clayey layers.

• The depth to water level should not be less than 5 to 10 m.

• Aquifer transmissivity should be high enough to allow 
water to move rapidly from the mound created under the 
recharge basin but should not be too high so that water 
cannot be recovered.

Artificial Recharge
Artificial recharge of aquifers can be achieved using 

three different methods, namely surface spreading, watershed 
management (water harvesting) and recharge wells. 

• Surface spreading: it consists of increasing the surface 
area of infiltration by releasing water from the source 
to the surface of a basin, pond, pit, or channel. This is 
certainly the most efficient and most cost-effective method 
for aquifer recharge. However only unconfined aquifers 
can be recharged by this method which required large 
surface area to accommodate the recharge scheme, 
allowing water to evaporate if percolation in the ground 
is slow.

• Watershed management and water harvesting: This 
method offers an effective method to intercept dispersed 
runoff. Many techniques of water conservation have been 
developed along hill slopes with the intention of preventing 
soil erosion and reducing surface runoff, then increasing 
the infiltration in the ground, thus recharging the aquifers. 

• Recharge wells: Artificial recharge by injection consists 
of using a conduit access, such as a tubewell, shaft or 
connector well, to convey the water to the aquifer. It is the 
only method for artificial recharging of confined aquifers or 
deep-seated aquifers with poorly permeable overburden. 
The recharge is instantaneous and there are no transit or 
evaporation losses. The method is very effective in the case 
of highly fractured hard rocks. 

Groundwater potential and abstraction in Nepal
Nepal possesses abundant water resources. A significant 

proportion of water resources distributed throughout the 
country, including glaciers, snow covers, rivers, springs, lakes, 
and groundwater, with over 6,000 rivers and rivulets with a 
cumulative length of 45,000 km. The distribution of rainfall 
in Nepal is extremely uneven in time and space, annual 
precipitation increases from 1200 mm in the foothills to 3500 
mm and higher on the southern slopes of the high Himalayan 
range. Approximately 60–85 percent of annual runoff of all 
river systems in Nepal occurs during the three months rainy 
period from July to September, necessitating the development 
of groundwater in many areas including the area already 
under canal irrigation particularly in the Terai region, which 
has a substantial potential for groundwater resources.

The hydro-geological mapping of Nepal indicates that the 
Terrain has a tremendous potential of groundwater resources. 
The estimated groundwater recharge in specific areas of 
Nepal can be as high as 600 mm per annum, but overall, it 
is assumed that the recoverable recharge figure for the entire 
terrain area is around 450 mm. Based on these estimates, the 
rechargeable groundwater in the Terai region is estimated to 
be anywhere between 5.8 - 11.5 billion cubic meters.

The Terai region in Nepal covers approximately 20 
percent of the country's total area and is characterized by 
elevations below 300 meters from mean sea level. Out of 
the total cultivable area of Nepal, around 34 percent, which 
amounts to about four million hectares, is located in the Terai. 
Geomorphologically, the Terai is the northern edge of the 
Gangetic Plain, extending from 20 km to 50 km in width. The 
altitudes in the Terai range from 100 to 300 meters above 
mean sea level. The region is composed of alluvial coarse 
gravels in the north near the foothills of the mountains and 
gradually transitions to finer sediments towards the south.

Based on preliminary hydrogeological studies, the 
unconsolidated loose sediments in the Terai and inner Terai 
regions, as well as the karstified and fractured rocks in the 
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midland and Tethys group, have shown to possess a significant 
potential as groundwater sources. 

In the Terai region, groundwater is found in unconfined 
shallow aquifers located approximately within 50 meters 
below ground level, as well as in semi-confined to leaky 
confined deeper aquifers at depths of around 450 meters 
bgl. Currently, approximately 22 percent of the available 
dynamic groundwater recharge in the Terai is being utilized. 
The transmissivity value, which indicates the ability of the 
aquifer to transmit water, varies in the shallow aquifer of the 
Terai region, ranging from less than 10 to over 10,000 square 
meters per day (m²/day)

Groundwater abstractions from the aquifers in the Terai 
region account for less than 20 percent of the total estimated 
recharge, which is approximately 5,800 million cubic meters 
(MCM). The Terai sediments benefit from heavy monsoon 
precipitation and year-round snow-fed river systems, resulting 
in a high potential for groundwater resources. The aquifer 
system is highly sensitive to precipitation patterns. As per 
the National Water Plan of Nepal, an estimated 756 MCM 
of groundwater resources are currently utilized for irrigation 
purposes, while 297 MCM are used for domestic purposes in 
the Terai. 

Conjunctive use Practice in Nepal
The figures given above indicate significant untapped 

potential for groundwater utilization in different sectors. 
However, none of the irrigation system in the country have 
so far formulated clear-cut operational plan for conjunctive 
use in any irrigation command area or projects though some 
attempts through research and extension agencies have been 
undertaken and developed in the country. 

Groundwater is considered the most suitable alternative 
source of water supply in the Terai region. Consequently, 
government agencies have been dedicated to developing 
groundwater for irrigation purposes in specific districts of the 
Terai for the past three decades. However, there has been a 
lack of comprehensive efforts to integrate the management 
of both surface water and groundwater resources. Currently, 
no irrigation system in the country has formulated a clear 
operational plan for conjunctive use in any irrigation command 
area or projects. Implementing a planned approach to 
conjunctive use that optimizes the utilization of surface water 
during the wet season and available groundwater during 
the subsequent dry season would not only meet crop water 
requirements but also enhance agricultural productivity in the 
region.

Furthermore, the blending and cyclic use of different 
qualities of surface and groundwater have the potential to 
enhance the quantity and quality of agricultural water. This 
highlights the wide scope for employing groundwater in an 
integrated system, which can provide more water at more 
economical rates compared to managing surface and 
groundwater separately. Currently, most of the irrigation 
systems in the Terai rely on medium or small rivers that 
are heavily reliant on rainfall. Approximately 80 percent of 
the rainfall occurs during the monsoon months of June to 
September, which corresponds to 70-75 percent of the total 
annual river flows. Perennial irrigation covers about 20 percent 
of the Terai's land, while the remaining 80 percent of irrigable 
land relies on supplemental irrigation. Due to the dependence 
on monsoonal rainfall with variations in space and time, water 

use efficiency and agricultural productivity remain low in these 
regions of the Indo-Gangetic Plain. Additionally, depletion 
of groundwater levels, salinity, waterlogging, and pollution 
of water resources are recognized as common threats to the 
sustainability of agriculture in the Terai region.

Conclusion
Conjunctive use of surface and groundwater for irrigation 

purposes in a planned manner is a relatively recent practice 
in Nepal. Nevertheless, there have been efforts to develop 
planning models and optimization techniques at both the 
river basin level and within the irrigation command areas 
of the Terai region. Literature on these topics has emerged, 
indicating the recognition of the benefits of groundwater 
irrigation in South Asia, including the Terai region of Nepal. 
However, there is a lesser emphasis on the sustainability of 
groundwater resources, mainly due to concerns regarding the 
depletion of groundwater tables and the deterioration of water 
quality resulting from unregulated extraction practices.

Farmers in the Terai region are primarily concerned 
about the high energy costs associated with groundwater 
extraction and the unreliable electricity supply, rather than 
the declining water tables or issues of salinity. Nevertheless, 
the importance and benefits of employing conjunctive use of 
surface and groundwater resources for sustainable agricultural 
development in the Terai region have been well established. 
These benefits stem from the distinct characteristics of each 
resource. Surface water typically entails lower delivery and 
extraction costs but is subject to supply variability. Groundwater, 
on the other hand, may be expensive to pump but offers a 
more reliable supply. By utilizing both sources in a conjunctive 
manner, the risks associated with irrigation water supply in 
the Terai can be mitigated. Although conjunctive use has been 
practiced to some extent, it has not been implemented in a 
planned manner. Therefore, it is essential to evaluate various 
operational policies for conjunctive water use to maximize the 
associated benefits.
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