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MCTCA - Ministry of Culture, Tourism and Civil Aviation
MOoITFE - Ministry of Industry, Tourism, Forest and Environment
RNAC - Royal Nepal Airlines Corporation

WECS - Water and Energy Commission Secretariat

WTTC - World Travel and Tourism Council
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el 59 FaHare g | SleuHRasT
O FYEIAT 2000 T LS T FHH]
W™ IREH qF dkh T Framers
Boeligd ME% Ufej Il AT ATEA
BIFFHENs @l TACT JAUHT ASMHH]
SITIHE T FOT | Il T <Tdeh! TogaT
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(Walter, 2020) |

qfe@e: qr=neg STae ST TEFE TIH (S E

WA T Wi et wiRT samaeAnt

At the end of the 18" century, William Kirkpatrick
used Krsnagandaki route as a preliminary business
step between Tibet and India. Colonel H.C.B.Tanner
and RinzinNimgyal prepared first map of this route
in 1887/88. A map prepared under the leadership of
Colonel Sidney Gerald Burrard, published around
1915 clearly shows the channels of trade between
India and Tibet. On his maps, the trade route through
the Krsnagandakt valley occupies a key position on
trans-Himalayan business (Graafen & Seeber, 1993).
Gansser (1964), Fuchs (1967), Tony Hagen (1968) did
their research and explored the beauty of this region
massively in the modern world. Executive producer
of the BBC, Richard Brock selected this gorge to start
his documentary "The Living Planet", which was
presented by David Attenborough on 19" January
1984.

(Chalise, K.R., 2016)
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9 | ARG &S] AT, A, BT, HTA, TAME T F@IATH! TR Fi awicar
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frETUTeHe SAEET TNE 05 WIETHT i THIETd 9UHT | I oIS ATUR ST STt
faeTa Woel 069 AITHT TUGHITHAT S FEPHidh TEIET GHEH T g | I 34 THEA
e T4 A4l Hlradiegl Wiva HEH W SAAdedls A4S FAGATAT GHT qA37 QAedqed T
e FRIAT I QEIAEEH A Wl a9 AISMICHE Ta8Ed] Hetd S9NR IHT | Ih
HTEE FUNUGHT JHATs RAemd Had T@ HUHl TAEFae uarT Teqd T g |
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U At RS GgHATEE UNUAT g faEentea
FAE U@ SH TFNFEES W3d THT WHIEE

FFAFI TH ATALTF |

(%) EmfermaeRt e s

SR YTATSAIER] HETBTCTAT GAATT AU BT
TEAIEATT AaTeTs Qal YaTeaie] TRFHT Rl U
FAHA D] AN BT TEAA AL TAe WX /g
(www.temples.newkerala.com) | 3TH 3% afraTah SI?IE:I%I
ZUMqd S wAredl SR B W SMHEAdr gl A
FYEEHT 90T [Xeaeer Hed AT g4 faiaedd I

Shaligrams are mentioned in South Asian inscriptions and texts roughly
as far back as the second century BCE but according to Hagn (1977,
1988), Shaligrams had already been introduced into Enrope as far back at
the late 1600s or eaty 1700s. In one such example, he describes the
French Jesuit missionary and Sanskrit scholar, Father Jean Calmette
(1693-1740) who once wrote a letter to his superior about his encounters
with the caillou vemnoulu (womm stones) or, conversely, the caillou perce

(perforated pebbles) in south India (possible somewhere in Tamil Nadu
or Andhra Pradesh). Additionally, in 1767, it was then the Spanish
natwalist Divila who recognized that the key components in the
descriptions of such stones were fossil ammonites. In 1901, Gustav
Oppert also described Shaligrams in a lecture presented to the Congrés
Intemational d Historie des Religions on 7 September 1900.

WUHT 4R00T T {&00T YU F (Hatch, 1939) |
Ai~a¥ qAFMATITHAT T STl AT ATETH FAREAE M @RE TR ] qe [dihaear
EAESUE HqHT Ao U B Afbrg | SAlEEds WiCUTAR] YHEHE HihET I HUDT
HFURUEH! Bl Wl ATET AUAH ITh Aalals HEN adasd! JTRadl W=l A ATAN g (Menon,
1878) | Tl GEATEEeT IMICRIHE SATIHAT A& TUIHHTEs - Weaedal Tl g T 4 qores
AIFONSHT HeaT AL SR TAZTH G THT G T T2 575 | TheeASRAT ST
FEUT Fo YU GLUEHT BRI TeIId o A= TEHH & WS AfFaLar AU afdar 9oz
YTATHET A G (Walter, 2020) | HIY Jociidd FEAEE® T Wi Goar #4 g1 faraer
AVl QAT H-aRe®d Sieromae] JuiRafd s art sed | Hard Shel qiebereh! Teua
YTITHETS AIEqH TEATSET U SCHTH Faavel [Eie safhaTe AIea¥ iR Seas el amm e
HharAH AETH TR TEHT | ARGAES! A 9T § X T5HTd A 6% qrearatars et
T aTferomae Gider AREEEHT e WA AET GET TRl g (e, R06E, 3060) |
TEAAT TUGHD] T YagT T Gl Geaehar [vaar Feaiid qusr e gerear
G TUHT G Tl THUIT T Al |

Haolly Walters (2020). P87 W

(¥) TR THe APl A<

TN AT SEHITHT FENTA Sz Heeauul T g | el AR MierimHsh! Jiaar Sefer
T PE WUBT BT | AGH! ATERAT TIHIT + ATISbT Y=l T el sy | B SRt
TR gef T Rgreaar wfFex Frafn W wfd gfaearm T T geae ey desfisr geeawt wer 3
1| e AT T Ywe ¥ AAEAEHOEl S99 T 38 0T geg | A MRl TaaE U
Hfar H e geg | e famend T frasmatar Fin e wuwr @ity € owr gfest o ad
(fEram@Ts, J00Y) | IRIVTH TRHER dF FHIAHT d1F daar o war| @ e [
TIET HAAAR. TAT ATAR. A=A (T TIL TTHUD] AT IS [oF el BAAT T&qd T Bl dars w4ed
ffa wfd wieg T foer womfasT = smavas gy | weEEEe sare Wa ia, e, wfafd
o1 Afd o AW QT 9 A AT et o g e e er THT TS AER g
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et 7T =T W AAHAR Fewd g | FAATRF Hewd grg T ANHACAE EFaTH TR T
HABRH HETT §7g | BHABI (AT TR HGHE TEASABIAT (AT HUHT H{qaTs (& S
A4 AHwg | T w=aT G SEeS] AL q9lidhed] daaR U TagH [@admatd HIIHuH!
FATEaR. el Aidare WG (@ 9¥Y:R3W) | I "HE fGaw aREd araeean
TARYEARS! 75 T e JaRd Toiels qorih! GFaed arsal IS YUl T Jag+ aedrl
T IMEFT TaRA T A(heg | HAREA® 290 T 18 g Mierd AeTed dfed User

ITeRd AT TN T THAT el AREEAFT <AUF TR TR Th FAZTaT Ges g |

() TAMES BN

AUSHIHT M (o THETHHA oAl GEITT T FEH T3 TIH 5 Bldell gHI=ERE qad
S BToHzaTs g | IMEVWRAST T TYEEET e SUEl d =g dfith T s gedreT
THUY I BT AT ATE EMHAAE AGE TAT JATHT ARHBH] SAFIEE BT O |
I U RIHT TR AUl WA (A QL) TNE ANE ST eI [Rres U gt
THMIEE AATE9T qUFT G BT T (Walter, 2020) | STEATEGHTETAT = AT WUHT ArHEHATH
FF9TT RaTershT EEAT, Al uf cafd S WA wEd A HHT R T Ragasiwers se 9
T 90 = ARAT (Heim and Gansser, 1939) | STETARAS TS Toa19e d-audbhel Hioh el awd
O AR A WS ARAT A AT qherdl T BTHl HHS BT | coedl wEsiers qeare
ﬂﬁ w3 w a% & " BUCKE hiips: /i, exportersindia.com » shaligram-stone-sis.
TR T qHe a3t i Pramfer gl RUEDIE] Shaligram Stone - Saligram Sila Nepal - Exporters India®
U] HTHAT AT AU CACHT FaT= FETELTT | Ve ae ocated inkamancnesal We e whisler and ioncvie suppler Company Facs

Shaligram Stone - Saligram Sila Nepal. Kathmandu,Pashupatinath Temple

T O ARG ey (o TSl HeErel
T g T | el el Wi @ g T Geerergeett STt FHecT
YCTITET ATIRET T el AT afe=nT & U o) T 9a7g |

THMTSE WhifRIeT Btal I TEA] gl AgHEY m g WMHAT Blandfordiceras 3T
AEAN F 1 G 9262 A WIS WEE Favedsel WH TIHUST U3ET Follidelrs Blandfordiceras
muktinathense TTATEHIT TR ARHATIHT AT fArgeardt Wiz THIEH FEaR T Jam9 TS &
(Dhital, 2015) | &%l Ith YIS BTHICT SATI% TS TEhaH! WA &l | I qoATcrs arddh ol
T WhE WU S EfEdarn, serEy afEds qor e e 8 Rrardfers wedEr daewe
T A9 YR T b AT | uiegedl SRUHT GFIR WIS aRERE ATEA Hiad] QRS e
JecliEgd YMUTHET Il TIT AIAHHT ATAR BEAFFI-Hl TUHAARCHS Eaalls G AT
aTfeRmaEFed At gEd 4 Wby | SrqauaaT AeaTHT TR ARARST AT T AT
T i |

() IRIH FHRHT AETHH AETH! ARTET:

T 9236 A T AAH Blegdiq UGS THA ARATST AEGERT TBT BT AT
TRHT "To the Indian Stone Calt" TTIH ATA-UMICHE TGl TG AMHbeTS MICHTEHT @T T
TS T: ST | Al WY Hewd AUHT IR Fr=edT Sre@is T8 A0 el aeamer
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SCHIE TE THAHT ool ABAH IREAls GEhReb] IENUAAH T ARAT T WATALIHT qarg
Ui TR ATE @HAT T 9%\ AT WeBIEIT AT (Walter, 2020:119) | BTHT STCHTaT 9T i@l
e Uivgd GeR TEa® ATHR & Fefels 90 af awdr | cagaEn qiH Hurell Hiferd Gy seat giem
ARAT TEHAeT T UAT| T AUUH TSET Ubrel reilel ST e T i enve sty
WeTd [FFdR T T TIEH] € IHT CI9aTs o 9ieg | cagaeal e 9at Saearr SR
AT UG HETCHIHT AT T BT AT | T ATGRAT TErAh! AEHT JILL-ACEET T
FRlT | o G Wieed IUbTel GHaIaRIEEH 0 Gehel 0T | ARl ER el Saae faed T
ferafeoll AT AreHeT AUl T AU TERET AT [T Wemar | JEidl e aedE
BT, BHAT @ISR FAIRAID] HATCAS TAMART T EUHT T AAH AT TEa! HIBTH]
VT AHOE TURT | AR A SR F9, fae, qerdt 3 e wewa g
fog |

() W= HReT AfFeT-

ARETIFHT AR T e g gl T aaEEe e eed qagd /e
TETeTE TS UM gRIHT FITAT Il BAele Icad Sardis! Io T | Aaid Ai%a 05
ARIHT WA [RENIHT AARCHT Birgd greg | TMeUSH THBT HHAEH] THERET [rarrs
Y| Aleid! Hel AaY R0¥0/¥R T SivigR IRuHT &7 T 21 9o arqa! Afde® SioigRa!
ST SISUHT €T | A et @ e 2, Wt weaarERer W g | YA aHE ARhArers
AAATb AR AT og, T GHIEC HebaTd eg, A Joureel GRb-a | el S el
THIX I ARBATIHT 0 el qREd g TeFet | ARG e T GEIETEHT AET A S, O
T ¥ YA IHEedT WEl g1 e TEEEE RS qf e T O e qee i
T, feadafy FATE TR T e dede &) A Sl Wity AfeE B U
T T g g |

(37 ARPEA AR

HiH1T [el ATHAH! T T ARASS FLET AGATAT ATIT TBT G| BTH FATEA AT ITAted
qUHT %‘"rl BT @ SHEEH! ATACTHAT ATARH] AAET OB O AT | TR grew T Ao
AT Sled /A Thesh gL L Janerrar 957 Mliemers S 7 amfier 9t @b gt e
WEET Fa T MAWHHT AHA TR AT Hirgd | BTier qhed e AR araeassar
T rAfishareTs Hewaurl € &7 Gheer gl | @ 95%3 W1 SR SeEiier sigichrem
A AT T TeeATshT 290 T 3+ 3farr araet Bedl, wgiell T Jurelt F+ A af Ao
e enferm, FORUEHT T AREEAR! Hecd TAGT T A TAYRIHHT JeAET el
T TEET G | SRR AERT A9 S AR ATavaharers aralee g A SATar JrE
TICTHT TFHA Mo Aes THA aciR RIS IIBEdH! Jars AqFedrag T MATEN HIANUesH! T AMieri|
FIRSRHT IeqEHed qFEAT T4 9 er T €| r@awn e seadfga e
JEHE Ag T A AT WAAATs ATAEHBAT &7 AEeas F |
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(1) =TT BE:-

AR e a9 dig GEREET ATEdl AT QA 81| Fdbd HRbEEers W fdsadt
AT AR I TEqeh <Rl | e AEragFHeb] TIeTHT [deadl SEhid Hoadl § | Al A
IRl <T@ WEhd (HUee 99 (R &9 AT ITedl HEASAls @grd qdT YeTars ar FHeHT T
T F2q AICH! TG AL AHIH] dYeR [edd T &1 GaEeqae Sl ([fear) ==
T TEEA 9e HUHT T | Hed YEATgh! TrTEaTHl Sicerd =Tl yradeed Fediid & (Jackson
1978, Ramble 1983, Walter,2020) | RiTeT U=raeash! Hered™ WUH SEHeaea=al a¢l edem™ X
HEAGH! THEH YA T Aich~ FATH ATER BHET G | AT b Taep! Toll T HAfchArere] GH-GATCHE
AEATCHE! YT YEI WUHT g | TAFeATCE T BIFAGIE A o S{gRATET qoc gy ¥,
AR T SITHAR FAT o7 SATCTATE 9 ol 97 gl | SO% ¥ Sfemept fene Sagedrers s
T AT WETdIU Hra USHT USIHAT PG| AAANBAER ATEIHI SWHT HEHH T HEaTuHh!
| fdeaas! whaur o Facifbaan ANEE ¥ | AEEETH AENEEE oA AT K 9Ed
HAH&AHT O T 9] AGaF A AR g | W2 [deaadh! aiees ATHEHEEIE. graTdrerd
AT T T AHFEHT IRABAT TG, T ATBHANAIE o idorag el WFATAT Afeed qi+ g o
(SRTe,R 0093 ) | GBI SaTerai-aCar uf s fram e | e cawar sHiraare vk
HAGLT TAALT T4 JIAG T ATATE o |

Shaligrai™ e~ <i( 1GRIVY. KOSI

M'is;g@'e L [ V [N C bPlilgrlp;lage in the B
TIBETAN lepa |malayas-~
KINGDOM P LAN ET T _.

MICHEL PEISSEL

Hier: WWTW%’&WWWW

() ST g qeET:-

Tocll HEQTSH] THTell FHETIHAT A T GEAIH] AT TEHd g | T 4240 Bl TUHAT PIFTH
=, B Fade ¥ Rne e @ Sepfie e derd T AqaeaEead o TR
TRHT G (Tucei, 1953, Kawakita, 1955, lijima, 1960) | THACIT TEAHITAAT Ih T FUETT G
W TEAHHAT Jecligd JarTelrs FTANTEIT T BT |IUUaT 6T T @M HH HUHT STt
ARATST FATTHTTAT WTH AT Al FART TReHT WETHST Afeel q IRAST e gier
T THR THETAH] TEH (T GHAATHE ALATCHD! ST [FHTE AUH! G | Ie® WEl, Al T T=

atg Teplaers Stk TR TR A seaT Rrer Gl e T W WU | A B0 &
IAEEH! AGF A I TAAHE TH G| S HEFEEATs ATHI T Hebb! depTell TEFdars
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o 19 FHAT [Enaeb! 9 WG 9= T4 g | T8l ARG &S] ARIF ATeedes id
HINATF faedr 9 Hewaqul ANEH & 99 |

(5) sprTEte M T A

THT ASH FIEAM AAGHT ATAHICHS @ Ul [T 8 AMHHHT a1 FEvLH
THATHT AT T AT O TARHATS ATl FAHT TUHT Ahab] BRI AR gt
ARh & H! AT ATII T G | s Toiiids Radag SHeed! el Fes 9l T
960 T FIHAT A B THRGHT UL ASAsbeet TqTAH] Fferd ALATT AT T FEHL
ATEI G (AR TAAEEAT B T ANl | Ieeh! A FarEdfey A 1264 IRg 5, B,
T, FAFET, =, AUH T ARAHT AHTEAEE HHEDH] qoT ATa-GH TR J&dH FHEH
T ART (Gradstein et al, 1989; Garzione et al, 2000) | F’RW’% BRI ‘ﬂjﬁf aﬁﬁﬁm = ﬂ%m
THD! ALTAT & RIS HeTaqUl o] ATIR Y I AMMCATHET SSUHT Qiedhias TS
FHEANA T GaHy=d 8T Gob | FUNUEH! THAUHT THAGIGTHARG SauIcard qalhl o HH
EATHT WA A ATHR GBI FEHT AT T ATCHT WMCRITA FHT: I98 Aeg | aadara
PHICUTEEH AAAT Weal GTETAT 98 YRR W2 (Chalise, 2016) | ARMEME! FaTE ST aieY
HIEIHT TR0 GqHET Teleh] BaldT JH S 9geg | a9 Faeiiel Y=e AWl 9Usl 93d
M | TANT ATADDT HHAT FHAUNDT SNHT Ui FAT QM W82y | g€ o Jqreicsh! sty
YA AMCAHDT FATE EREAGFH DT I, | TEraHH DT Jolle ST, e iqed ureia! i
o Wt forRr | oo FORIvS T RN Hiegd WUT SN Aaearars TR SIcsT,
STFIHT ICAT AT Jelld TTITE Jges 74t FEaied caredr g qriraeT Saus! g |

(3) HihE=H quaicas He<a:-
BTN AATCAT GRAed [RTHT ST T3l IRl SU § SHUT GEagah qaaicas

AAG-AE T YA ANMAHRT SRAGH  dRIaled TR BT G (Ancient Nepal, No. 188/189) |
IHEEETE TFATIE G AR A AL Ul Wb BTG | I WaaTe® Wi Aeaeaars
yfafferea 78 S, wyel, WegeEe T AREHTAHTeN GEAART AT T T | Tl Toqeh el
TANT WUHT “SfEAT SR, HREATA T T ACHERAT Af3d e f=vael qeargsh! TvadT, T6
JUTETsRT Y EATRT WiTe T el a3 T g | W& qur AT gediiie Sehiah! FH
TRNEE Te7g | TIATH FONEUGH T TUgHih! AT oo e qureis! avrdrars
Alecrard Ui gl T g1 T e AR AqEeE af T §5 o g
UGHHIRT TEHIA WA TFTEe FHeaR AT FAToid T STieniTash] Suesdar 5 YaTH & | el
AAATAAT IAH FHUHT TSAEATs EAGT AHTHT 9 g1 A Ih GoTells saaaniisd
T TUEHT YR AEHR TE U | THA BT GHH THT T GEHAers o Thh

3CATEA ST 163 |
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(&) e AT MicHIH:-

AFHTAT TATAHT GHAT MRS T TUESHHT TFHEFT HBITUaH! O |

T AR b AAAHAE | U e greAadicaans | (el AeTerad 99:39)

9feg TS YATIRIE SMeehT TIeTdT HaTeteh! ST arsRer R g, 9cee ar i e T
TAEIEH! FHVSHT HAT T TErRT A Muet frr 997 sy Jarerr faer et garre
YT O HUHT W@ (AHIE], J0%Y) | AHEATEH] T ATAHA &1 FAATed AT HATAT
T SRaeg | et wEey, et TR TRUET ST AHR, T GFT T aeUs] gRIh!
T HBT T FHfcldT AFaLh Tadth aaeUH! HUSHT ARGUHT GFTHT HeUHI gaac el drHr L&t
AR THS TELAT T AT AT ACHIAT ATEATHT TH@ AT Hed Al wal JHIfvra T4 | < ARt
T T GIICAT U I R = JHI VTS el qeeE o AR o e 7 9
T TIEHT IIAY qANcadh Hecddhl GGl HEd Sieg T Aavdsh o |

(1) ST gReEE:

SAALTEAT AT, FTAGH (AT ) T =Tohadt ATl A A qeIeh! T g |
S Gepfer gaw fET il S HIE g1 FINE THGT g8 edEe Wed Eeh A
Tl forerer WU orEe GEHMAET TR URT B SAelS FErl gid qead a weg | Se
eV AN UHAT (F R000) FOHIAAS T&l A= THINET0T 7 4 gErd [4guh! 5| aue
TSHRTCRIAT TR ] HONSHIdls SIS T MUSah! Wk I T aeqAuH SR
& WUl g (e, R068) | TREAY &H HEaS [eIae 1 qag T JAced auie s Seeie s
Al TaTelTs FETAT (TE) Seer@ AT (87A1,20%Y) | TR Aqaidh T T ST gashd
T JABATIHD! [Hebe FOUNVSHAT FHIRT g DT AT THF gIU ATberd WAl | T aaraied
TERTST IMTTHT Wbl A FISATs IEAAEHIE AR AR T THUHT &g | eraaare
TATAR STAEY RHe 0F UHigeiae o JERueaHin] Tesdens sl qHar | Jwes e
TEAAls FHIONHLT T AT R §| Aol A A Fi==h STedl STierim = ae
WW%&WWWWWWWWWWWW
A YT FOATHT FHAEE GUHT HA AT TAR G | AN qdhels S HeTeTel Guefe Faen
elshel Al fEae | cadel TUgshl W97 TXHh] TETHl T TS TANEIAT S qEie ATl T

qr FEAr ATERE A T R T

(@) ienm FEpiaa feremanie:-

ICRIHEST A HIF Aeaedhd, Bedl T Taeimr Gfd 91 9 9296 @ UF % TaI5
A AZISIATIAT AT GUSHT MMeRIH HIT (Rao,1996) T T 000 W JHALI YRS AMCTATH
TRIVT YT TN IMCTHTH Geahiels [aveaeq aMieR famanids 79 58 ai ae# g a9 095§
A FAAS =M™ T T 3098 AT Bl ATecel AZUST AETHAT SMCHUTH AEH(qeAs Hradl T@T
T frEmEify ER SEe g1 Pemener e s S R aqEeaers e
IAET W FFgA | [T AraRer s, guaT dicud AnR, e Sk, e e T
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JEEATHT AR FrgeATiiEr §5 S ORI g A WAH A0 q9 9 GHEers q8 T
FRATHT T TEIFE g A TeTels Fa gave| cadel a0 a1 I framEers 9 g
T AFOMNUGHT T IMCTATHET TTATEATHT Al ATEeTshal U | aiis agaes, T
TEIT TAT T el THREE MTUTH FSUeTerd €91 T4 qoddl q@Uah] aqare  Jaeard
fErT AR TP AT I T TAT SR WA THRTAT TSR] SATedT YA ¢a |
MUEH YA THR AT QMAUTH TEHIAH] AR TAATEI T FAI&ld FoT B! AT
AT LIRS AT AGURTATARART ATAE g T T Gl T §o | Fee FHTT qe
R Teeare TR TednT T qudaer W A€k 9evd 0 gad | frmeard fram anie T
AT T Wi ATl J 7 BTART Sefed T | el Frafares qaedar aedr aqa-ar 75
T AT TEAT [T AT T GFHEAT 8 |

3R T AAA DD FHIE:-

TS FIUT THRHT FIH TIAGT AT TheAds THgH] THE ATGR AWHI g T Tedni
ATIRAT WFfF Gadar T Jah Ffgaears qa T e Gaders wews awsr g (o
AT, J06W) | HE ETH IUAH U= Eb F, qC U U0 T Gd G| gl gqE b
AH T@A SAAS AL A AT &1 A0 §ogg | M@ AT T RATerie! e =
FAT T TR B | AR THE AT AR e | FEGHT GgTANT T gE AN Tkl
AMTATE 2 TSR] TheT AT SASUH FHAT A AL g7 T | Wl HRTHTeahT Aareiret
ArEd YA @ &1 HIEhT TIaT Godish! TaT FBTaT G Fed 8, SUeTS Bl o | oqdel e qafas
IS TAT T @] qhEh el Teaed Eor A= gog | M0 A3 el Tichsl THd g5
JENT TG AAU GIATAT AT ARBEAB] AT | ATSTHIRT AT TRABHT, TEATAHET HRHE AR
et =17 3 g

Y AT MDD THE THEHE ATHIH BACIH] Thbfde 750 T fHaa@rs ammas]
TRTETTT STITHT T RIUE el T ARk & ARTCHIdTs HIgas, | F8! ARhATE o HRH TR ST
ARh&AH! W SLIHA® TN TUHT G| [T ARREAS] TRET EReUHE AIBICHIAT Jitvd
| & SEEE s AT FHHAT FART TAUHT qE et Ufeiie e T e
ATgeTe RAUHT qih T SHETTRTEHT 9od difgd AT qA1 GOH Al GUIE AR e HTh Pl
AraRarery O gRbEEET RS g Regememr swar 96, g T SHererr gikbeeen i
TR YT & | et T Tedr W SaaraRe ST UEH HH HUDIA GIHT WUH HETCH
UG T Y GOA U HH G| ATEEED] Geuwl HE g | q faeeel Wares ddeears
W Heea fauwr g1 fed AT e ga @i aiads 39| Reeacarear gueed e
Wi FATEES T 9T WIETCRT T W T A A gt RId HIEeRaT Araeassar
TE | FONULHIRT THEAAT ITASY ICRTH AFIT T SAH] WIS Fhicish ATTH ! |
TEATS AT HIETCHIH] ATALAHAT o | TIUH TBTeT HIGTCHIAT [l dor AT Areaedeber e |

TCATCHTHT HIETCHT SaTedT T+ foraehl ST af of raefar §e9| /e gorhl s ¥
s A Frerare ufyg aREd grge | SRS FIH U o TR WTIrE AR G de
AL o | TAMHNY WP AT FeH! WA T @A FATF grg | HdT AdAA
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TATAAD] AT AEUHT AT
WITIEIHT TTE@] WEl SaTedl 1 TATH T8
TFGL|  THE WONTT GEIHT AT B |
AN MR yasEel He e
YA ATMEHTH] TG HodTHal ael
B | TF HITHT QMCTITH =B ellUHT Siauen!
FUNVLHT TG ATHAT 35 BT | ST Terar
FEAS AR A FART AUHIT FEATS TEof
RGBT e WhET | TS WA
“YTABICHTETTH” STEAT 9168 YANT TR FA=aTT
TRUHT g7 | AEATE UG T I3 e aga~ar
T WA AR AEIHAT g | Ao 1] SV
iy T AT BT ST AU g Heae |
QUETATETcHS AT JANT USHT qTEelrs (HTad
TETTAT 9 9:3:%Y) e ATMETHTH ALdATH
=Tl & A AN SeH g | ' '
RO e w6 S (e T FESET A FR Fee
e N afeas: FeRre Fnfere
FAHATHT Jecligd Fral T AR FEFT e
AR BT | ATHA U AEFR I HE 0L (WRTET HETIT 4 9:4:& ) Tl FaHEHT R F7a |
UEEHT Joclgd HONUEH! T MTUTHD] THAT U ITHFEEH] TRATAR. I T IgeAAq
TRIEATRTCHS aFIaed U0 AIAR SEAEE T HUHTGA | A TEAad e Aqa-ars! &
T T FEAEEH] [FAU0 TR A FE oS Hiead gius, | Ml Jeard gEaar o
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. Ten Fundamental Questions
AL JU AT HT S b e Question 1 Is there Substantial Potential for Upstream Reservoir Storage in the Himalayan
> > Headwaters of the Basin?

g‘ﬂﬁ ‘Eﬁ | g‘r&ﬁ@[ 3I|'|'q§[ ‘q’lﬁ?{ Question 2 Can Upstream Water Storage Control Basin Wide Flooding?
o~

Question 3 Can Upstream Water Storage Augment Low Flows Downstream?

T A4 T QT;F% T GHUIhT Question 4 Are there Good Alternatives or Complements to Reservoir Storage?
~> b Question 5  Is there Substantiol Untapped Hydropower Potential in the Ganges Basin?

W]'Eﬁ HW% EGEIIES '@l’GF-]T Question 6 What is the Magnitude of Potential Economic Benefits from Multipurpose Water
c N

Infrastructure, and What are the Tradeoffs Among Different Water uses?

Fﬁ-ﬁq‘[ Tﬁ:qé | Question 7  What are the Cost- and Benefit-Sharing Dynamics of Upstream Water
> ~ Storage Development?
m’%ﬁ' g T | Question 8 s large Infrastructure the Best Strategy for Protecting Communities from Floods?
Question 9 Is it Possible to Control Sediment in the Ganges?
EE'SUTHTU@H% QIdUTHT q‘i-_:[’ Fﬂ'l\':]' Question 10 What will Climate Change Mean for the Basin?
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Water Resources

Sources of the Karnali River

There is a well-established but not true myth that
the Karnali River flows from Rakshas Tal on the
Tibetan Plateau. The flow of the Karnali River does
not come from Rakshas Tal but instead the
headwaters of the Karnali River come from the
meltwater of glaciers on the north side of the
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Background

The Kali Gandaki River originates from the Nhubine Himal glacier in the Mustang region of Nepal. The
river is considered older than the Himalayas. As tectonic activity forced the mountains higher, the river has cut
through the uplift. The total length of Nepalese territory is about 300 km. It passes through the deepest gorge in
the world at a specific location called the Andha Galchhi and biogeographically separates the eastern and western
Himalayas. In the Mustang section, Nyamdo Khola (left of Rombini), Nechung Khola (right of Rombini), Chaha
(Rato Nun Khola), Dhachyang (Kalo Nun Khola), Pyung (Yara) Khola, Dheya Khola (Dewa Khola), Tange Khola,
Narsing Khola, and Jhong Khola are the major tributaries of Kali Gandaki. In the south of the deepest gorge, the
river is joined by Rahughat Khola at Galeshwor, Myagdi Khola at Beni, Modi Khola near Kushma and Badigaad
at Rudrabeni above Ridi Bazaar, and Andhi Khola at Mirmi The river then turns east to run along the northern
edge of the Mahabharat Range. Turning south again and breaking through the Mahabharat's, Kali Gandaki is then
joined by a major tributary, the Trishuli River, at Devghat.

Various sections of the river have different gradients. The upper section is snow-fed, steep, and with swift
current flowing over rocks; the middle section is rain-fed, has a flatter profile and moderate gradient; and the
lower section has warm water and low gradient. The Kali Gandaki river system links people living upstream and
downstream. For centuries, people in different elevation zones were linked by the salt trade. Local communities
are heavily dependent on ecosystem services, natural resources, agriculture, religious and cultural relationships,
employment, and trade. The benefits for local people attributed to the mainstream of Kali Gandaki include:
settlement, materials for the house and shed construction, fishing, energy (including hydropower and firewood),
animal grazing and fodder for livestock, non-timber forest products (NTFPs), farmland, bathing and washing
clothes, cremations, sand, gravels, and stones mining, groundwater recharge, transport, fertile sediments, religious
faiths and pilgrimage, hot springs for health benefits, scenic views for tourism (eco-tourism), and many more. The
landscape exhibits rich social, religious, economic, and cultural diversity with a mosaic of ethnic diversity. The
upper areas are sparsely populated whereas the southern plains are densely populated. Famous Buddhist, Bon, and
Hindu monuments have high spiritual significance for people both within and far beyond the landscape.

This report covers key areas of geology, climatic conditions biodiversity, climate change, and its impact.
The source of data and information included in this report have been generated basically from literature review,
focus group discussions with key stakeholders, field observations, and informal interactions with local people
through walk-the-talk during the field visits. However, an in-depth study was not possible due to the limited
timeframe for the study.
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GEOLOGY

The Himalayas were formed by essentially north-south shortening and consequent crustal thickening during
the collision between India and Asia (Gansser, 1964; Le Fort, 1975 cited by Adhikari and Wagreich, 2011). The
area is geologically young. Most of the Kali Gandaki River Basin is hilly and mountainous and deeply incised.
The Kali Gandaki River Basin is divided into four major tectonic units, each having different stratigraphic and
tectono-metamorphic characteristics). From south to north, and bottom to top, these units are (i) Sub-Himalaya
(Siwaliks and Terai), (i1) Lesser Himalaya (middle hills), (iii) Higher Himalayan zone with an elevation above
3,000 m asl, and (iv) the Trans-Himalayan Tibetan-Tethys zone, respectively (Adhikari, and Wagreich, 2011;
Carosi R., et al, 2014).

i. Sub-Himalaya (Siwaliks and Terai):

The downstream area is mostly below 1,000 m asl and includes the Siwalik hills, and the extensive plains
areas of the Terai and beyond. The Siwalik zone has dry and unconsolidated soil materials which are highly prone
to erosion and landslides, while the Terai area is characterized by vast flood plains with deciduous forest and
agriculture and is subject in many places to annual inundation (Dandekhya et al, 2017).

ii. = The Lesser Himalayan Zone:

This midstream lesser Himalayan (middle mountains/ mid-hills) zone is situated in the midstream to the
north of the Siwalik range with an elevation range from 1,000 to 3,000 m asl. This region is characterized by hills
with large areas of dense broad-leaved and mixed forest and extensive agriculture, often on terraced slopes. This
Zone includes dolomite, limestone, impure quartzite, marble, phyllite, schist, orthogneisses, and metabasaltic
rocks. These rocks have been affected by greenschist to lower amphibolite facies metamorphism (Upreti 1999;
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Hodges, 2000). The Zone can be subdivided into two units interpreted to be separated by an unconformity. The
lower unit or the “Lower Lesser Himalaya”, comprises sedimentary-volcaniclastic rocks and orthogneisses
ranging in age from Paleo-proterozoic to Meso-Proterozoic (Upreti, 1999). The upper unit, the “Upper Lesser
Himalaya”, dominantly comprises carbonaceous phyllite and marble, associated quartzites, and graphitic rich
rocks with middle Proterozoic protoliths.

ili. The Higher Himalayan Zone:

The metamorphic core of the Himalayas is represented by the Greater Himalayan Zone, a continuous belt
of high-grade metasedimentary and meta-igneous rocks with associated Miocene leucogranites (Carosi et al.,
1999). This litho-tectonic unit typically forms the central part of the belt and is often associated with the highest
topographic relief.

iv.  The Tibetan Tethyan Zone:

The Tibetan Tethyan Zone is about 10 km thick unmetamorphosed to weakly metamorphosed Palacozoic
and Mesozoic sedimentary sequence, which was deposited on the northern Indian palacocontinental margin and
subsequently deformed during Himalayan orogenesis Gansser 1964 cited by Adhikari, 2011). The Zone represents
the evolution of the Paleo-Tethys Sea, from the pre-rift stage to the final break-up of Gondwana in the Early
Cretaceous (Gaetani and Garzenti, 1991 cited by Carosi et al, 2015). In the Kali Gandaki valley, the Palacozoic
section is characterized by massive limestone, calcareous shale, and pelite, with local dolomite and quartzite

horizons.
- : ......‘__l GEOLOGIC MAP OF THE }oo o
g KALI GANDAKI VALLEY, d e
REGION, CENTRAL NEPAL | =y
-
£ - e
o . .
“as B | T2
i ¥
Rl I & ZITaT i
- ! - i {
‘ B -
TR
W i 3= o
Jl, ‘ ‘-!-:' — - o
= -—-—‘—a—mli -
¥ R =

Geological Map of Upper Kali Gandaki Valley (Source: Carosi et al, 2015)

Climate

The Kali Gandaki River Basin covers a wide range of climates and micro-climates. Due to altitudinal and
topographic variations, extreme climatic differences occur over short distances. The climate in the Basin region
ranges from tundra and alpine temperate in the higher elevations to sub-tropical and to warmer subtropical type
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conditions in the plains. The southern section of the Basin has wet monsoon summers and cooler winters, while
it is dry and cold weather conditions with snowfalls in the upper elevations. Temperatures range from almost 40
degrees Celsius in the southern plains to more than minus 20 degrees Celsius in the mountain regions.

The Kali Gandaki River Basin section between Myagdi down to Chapaghat of Syangja is in the mid to
high hill zone. Dhorpatan Hunting Reserve area lies in this zone at an altitude of 4,300 m asl. The climatic zones
found in this section are subtropical, temperate, subalpine, and alpine. The high Himalayan village of Chhoser in
Mustang district has the lowest annual rainfall of less than 200 mm while Lumle, the catchment of Kali Gandaki,
has the highest annual rainfall (2,700 mm). The hydrology is dominated by the Indian summer monsoon system;
about 80% of the precipitation falls between June and September. During this season, heavy rainfall commonly
leads to water-related disasters such as landslides in the hills, flash floods in the Siwaliks, and riverine floods in the
plains. The erosion rate is high with fertile sediments and topsoil is washed down to the plains, and ultimately to
the Bay of Bengal. The Mustang region is a rain shadow belt receiving very little rain. However, in recent decades,
the region has seen exceptional rainfalls causing landslides and other disasters.

The spatial distribution of precipitation varies across the zones creating microclimates that affect annual
water availability. In the hills, springs are a major source of water that depend on annual rainfall to recharge
the land area that feeds them. The river discharge varies throughout the year influenced by both snowmelt and

precipitation.

Biodiversity

Ecologically, free-flowing rivers are critical for maintaining biodiversity. Natural flow levels support specific
ecological functions providing a variety of habitats that supports both aquatic and terrestrial species Patterns in
the diversity and composition of species along elevation gradients are key in understanding biodiversity (McCain,
2009).

Due to altitude, climatic and ecological variations, the Kali Gandaki River Basin harbors huge biological
diversity in different aspects. The biodiversity of the Mustang district is comparatively well studied and documented
while limited information is available on the overall biodiversity of lower Kali Gandaki Basin regions. Based on
the available information, observations during field visits, and interactions with key stakeholders and communities,

the following sections describe the extent of biodiversity prevailing along the Basin.

Fishery Diversity

The Kali Gandaki River has several fish species adapted to the extreme gradient. It is reported that there are
128 different species of fish in the Kali Gandaki River system, of which 57 different species of fish were found
in the catchment area of Kali Gandaki A Hydropower project (ADB, 1996; Upadhyaya, K.K. and B.C. Shrestha,
Undated). The principal species are snow trouts (asla), mahseer (Sahar), carp, catfish, eel (Bam Machha), murrel,
loach, and barbs. Mahseer (Sahar), snow trout (asla), catfish, and eel are sport fish. The catadromous eel is also
abundant in the Kali Gandaki River. The only native fish species (Schizothorax richardsonii), recorded at 3,475m
at Ghami Khola, has been identified as the highest elevation recorded fish in Nepal (NTNC, 2008). A Saligram
with an imprint of possibly a fish species (Matsya Narayan Saligram — a picture below) may potentially indicate
that a specific species of fish were also living in the Mustang Valley during the tectonic times. Many of the
fishes of the Kali Gandaki River system are vulnerable and need protection (Biodiversity Profiles Project 1995a
and b). These include katle (Neolissochilus hexagonolepis), rewa (Chagunius chagunio), mahseer (Tor putitora),
Sahar (Tor tor), zebra machha (Danio rerio), buchhe asla (Schizothorax plagiostomus), asla soal (Schizothorax

richardsonii), chuche asla (Schizothoraichthys progastus), Tite machha (Psilorhynchus pseudecheneis), and raja
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bam (Anguilla bengalensis) (Swar, 2001).

These fishes have adapted to the extreme flow and turbidity of the river. They have upward and downward
migration patterns. The migration patterns include (i) long-distance (to and from Terai or Bay of Bengal); (ii)
medium distance, and (iii) residents (moving from the mainstream to immediate tributaries). Upstream migration
starts at the beginning of the monsoon which triggers spawning behavior, and downstream migration starts when
water levels in the tributaries subside (Upadhyaya, K.K. and B.C. Shrestha, Undated). But sometimes the migration
is affected if the water quantity in the river is reduced.

The fish support subsistence and commercial fisheries. There are approximate, 250 Bote and Majhi families
residing along the mid to lower section of the river basin. For centuries, they have been making their living by

fishing, boat handling, and as a laborer. The annual catch from the river is estimated at between 80 to 150 tons
(ADB, 1996).

Matsya Narayan Saligram

Factors affecting fish population and diversity

Fish population and diversity have been affected by the physical infrastructure development along the
river. Types of infrastructure constructed along Kali Gandaki are: Gabion structure to protect stream erosion,
embankments construction, hydro-dams, irrigation diversions to transfer stream water flows to other areas for
irrigation, unregulated sand, and gravel mining operations, as well as the newly under construction Kali Gandaki
Corridor and Saligram Corridor. All these activities have been disturbing the natural flows of river water affecting
aquatic life. These infrastructures have either been changing their course or reducing the number and species of
aquatic diversity while affecting and altering the habitats of aquatic life.

Effects on livelihood from fishing

During field visits to areas between Ramadi and Ghumarighat, discussions with the local communities
such as Bote and Majhi were held. They reported that their livelihood from fishing has been greatly affected and
is at risk due to the reduced number and types of fish in the Kali Gandaki river. The main reasons mentioned
were infrastructure development such as dams, use of poison (thiodan insecticide), dynamite, and electro-fishing.
Resources are also being depleted due to road blasting that has also added sediments to the river affecting the
fish population and blocking regular passage. The Bote and Majhi communities are displaced from their fishing
occupation and have been engaged as laborers in other sectors such as construction. Therefore, there is a need for
sustainable aquaculture programs for traditional fishing communities.
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Avian Diversity

A total of 120 bird species from 33 families of eight orders have been recorded in the Kali Gandaki River
Basin (Neupane, et al, 2000; Neupane et al, 2020). Out of the eight orders, order Passeriformes had the highest
species richness (98 species) and the family Muscicapidae had the highest number of bird species (17 species).
Half of the total bird species are insectivores followed by omnivores, frugivores, granivores and carnivores.
Out of the 120 species, 86 species (71.67%) are residents of the Basin areas, 18 (15%) summer visitors, and 16
(13.34%) winter visitors (Neupane, 2020).

The number of bird species seen in the Kali Gandaki River Basin differs with seasonal variation. Neupane et
al (2020) report that a total of 459 individuals of 81 species of seven orders belonging to 27 families were recorded
in the winter season and 577 individuals of 95 species of six orders belonging to 29 families were recorded from
the summer season. Fifty-six species of birds were found in both the summer and winter seasons. In another report
by the Annapurna Conservation Area Project (2018), 187 species of birds were recorded from above the Ghasa
area of Mustang. The Ghasa area in Mustang is the only known area in Nepal where all six resident pheasant
species are recorded, including the globally threatened cheer pheasant (Cartreus wallichii) (NTNC, 2008).

Tibetan Sand Grouse (Syrrhaptes tibetanus) and Eurasian Eagle Owl subspecies (Bubo bubo hemachalana)
are recorded in Mustang as a new record of bird species for Nepal (NTNC, 2008). Also, during 2020-2021,
a new species of bird, the ‘European Roder’ has been found in Mustang (Per. Comms with Mustang ACAP
Manager Rishi Baral. Similarly, a bird survey undertaken during 2021-2022 in Chitwan National Park and the
surrounding region found 38 different species of birds of which two species ‘Greater Whited Goose’ and Black-
headed Gull (Larus ridibundus) were found along the Nawalpur side of Narayani river (Onlinekhabar.com; 26 Jan
2022 Thursday: https://www.onlinekhabar.com/2022/01/1063699).

Kali Gandaki Valley is a “Himalayan Migration Corridor” for birds moving south to India in winter. Around
40 species including Steppe Eagles Aquila Nepalese, have been recorded moving along the trans-Himalayan
valley, including Demoiselle Crane Grus virgo, Ruddy Shelduck, Common Merganser, Little Grebe, and several
raptors (Grimmett et.al, 2000; Baral, 2005, Inskipp & Inskipp, 2003) which migrate west through the ACA just
south of the main Himalayan chain (de Roder 1989).

In collaboration with Nepal Trust for Nature Conservation and ACAP, an international agency ‘Planet Zet’
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filmed the Trans-Himalayan migration of Demoiselle Crane’ (Called Karangkurung in Nepali) during 2020/2021.
They breed in Mongolia, Russia, and China. They are migrating here in Nepal in a few numbers, but they pass
through Nepal in big numbers through Kali Gandaki Valley during winter and reach Rajasthan and other parts of

India.

Factors affecting bird diversity

The harsh climatic conditions, decreasing forest cover, heavy winds, snowfall in winter, and reduced
resource availability at high elevations have been found major factors in the limited diversity in bird diversity.
(Neupane et al, 2020). Besides these, trees are replaced by bushes, shrubs, and rocky mountains, which negatively
affected the avian fauna at the high elevations. As the number of fruiting trees increases, species richness is also
higher, illustrating the positive impact of forest resources on avian diversity. Thus, in the areas with higher forest
resources, the bird diversity is also rich as more fruits are available. Bird species richness is reduced near roads,
with larger reductions near high-traffic roads than near lower traffic roads. As roads are being built on both sides
of the Kali Gandaki river and other parts of the Kali Gandaki region to connect municipalities and villages, several
birds' diversity has been affected due to disturbances.

Herbs and Medicinal Plants Diversity

Traditional medicine remains an integral part of the health care system in rural Nepal; medicinal plants
and plant parts are sourced from the forests and grasslands. The incredible environmental diversity along the
Kali Gandaki River Basin produces a wide variety of plant species, especially herbal and medicinal plants. It
is reported that there are more than 166 species of medicinal plants in Mustang (R.M Kunwar, et al. 2007). In
and around Ramadi, Malunga, Balam, Beltari, Mirmi, Burgha, and Ramdi along the Kali Gandaki River, there
are 48 different species of herbal plants (A. Joshi and K. Joshi, 2000). These plants are being used as herbs and
medicines by the Amchis in Mustang, Vaidhyas, and other local traditional healers. Local Amchis (traditional
healers) in Mustang use 72 species of medicinal plants to treat 43 human ailments. Few herbs are also used for
some critical diseases like leprosy and paralysis. Jimbu and Lambu (Allium species) and Timur (Zanthoxylum
armatum), which are also indigenous plants that hold medicinal values and are used as spices in Nepal, have good
economic benefits. However, the systematic management of these plants for collection, processing, branding,
marketing, and management is poor. There are good opportunities to further improve these and take comparative
advantages for the benefit of the local people, particularly in Mustang.

Wildlife Diversity

The Kali Gandaki River Basin is rich in wildlife diversity as well, with several charismatic mega-vertebrates
such as elephant (Elephas maximus), rhinoceros (Rhinoceros unicornis), and tiger (Panthera tigris) in the Nawalpur
section of the Chitwan National Park. Upper Mustang is the habitat for snow leopard (Uncia uncia), musk deer
(Moschus spp.), Tibetan wild ass (Equus kiang), and Tibetan gazelle (Procapra picticaudata).

The forests in the mid-hills support other threatened species such as clouded leopard (Neofelis nebulosa),
common leopard (Panthera pardus), Eurasian lynx (Lynx lynx), and musk deer (Moschus species). The Himalayan
field mouse (Apodemus gurkha) is endemic to the upper temperate forests at an altitude range of 2,200 m to 3,600
m asl between Gorkha and Mustang districts. One of the species of bat (Mouse-eared bat) is endemic to Nepal and
is also found in the mid-hill region of Kali Gandaki (NTNC, 2008).
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Mouse-ared Bat (Myotises spp.) Himala;an Field Mouse (Adpodemus gurkha)
Mustang is rich in trans-Himalayan biodiversity and has recorded five species of zooplankton, seven
nematode species, two mollusc species, one annelid species, 25 insect species, one spider species, 11 amphibian
species, eight lizard species, five snake species, and 29 mammal species. About 18 butterfly species have been
recorded in Mustang, of which two species are new, and three species are endemic to the area (ACAP, 2018).
Mustang harbors 10 species of mammals listed in different appendices of the CITES. Six of the mammal
species recorded from the area are protected by the National Parks and Wildlife Conservation Act (1973) and
seven of these are included in different threat categories of the [IUCN Red Data Book (MOFSC,2015).

Wetland diversity

The major wetlands in the upstream Kali Gandaki region include Damodar Kunda, Dhumbatal, Titital,
Sekongtal (NTNC, 2008), .... These wetlands are important habitats for residents and migratory birds. Their
surroundings and catchment areas are rich in biodiversity. Damodar Kunda is an important wetland from
religious, cultural, and tourism considerations. Within Dhorpatan Hunting Revers, Gustung. Dhorpatan, Jaljala,
and Melwang are important wetlands (IUCN, 2004). There are several glacial lakes whose exact number is not
known. In addition, there are a few man-made ponds called Tatopani Kundas (hot springs), which are thought to
be important for curing skin diseases and rheumatism. Thousands of patients from different districts flock to these
hot springs for dipping with the hope that skin and other diseases will be cured.

Reptile Diversity
Details on the reptile species and its diversity are not available. However, the Kali Gandaki river system
provides good habitat for many reptiles and amphibians. Aquatic animals such as rock python, monitor lizard,

gharial, and mugger are found which are considered endangered species (ADB, 1996).

Rock Python Monitor Lizard
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Agriculture, horticulture, and fresh vegetables

Agriculture is the major economic activity along
the Kali Gandaki River Basin. Generally, agriculture is
subsistence, but several pocket areas have been developed
into commercial farming. Rainfed, non-irrigated land
cultivation is dominant as there is a lack of irrigation
facilities. The principal crops grown are rice, maize,
wheat, and millet in the mid-hills and Inner Terai, while
barley, buckwheat, potato, maize, mustard, peas, wheat,
etc. are the main crops in the high hills and mountains
regions. Most of the villages along with the Kali Gandaki
River Basin harvest two crops in a year. However, a few
villages in the northern Mustang harvest crops only once
a year. Cultivation of fruit and vegetables for commercial
markets is becoming popular, especially in areas with
good access to market centers. Improved access in remote
areas has helped promote commercial fruit production:
for example, apples from Mustang now fetch a premium
price in the country. Generally, the farming systems at
lower elevations are cereal-based.

The climatic and topographic variability allows a
wide diversity of agricultural practices and crops varieties
and provides income opportunities with comparative
advantages in commercial and semi-commercial farming.
The diversity of climatic conditions at different elevations
provides opportunities for vegetable production on
commercial scales. Apple represents a dominant fruit
farming in Mustang. Marpha and Tukuche top the list in
apple production followed by Kobang and Jomsom.

The District Agriculture Office records indicate that
Mustang exports only 700 tons of apples annually, which
makes only 30% of the total production. Both fruits and
vegetables, which form one of the major income sources
for the people in Lower Mustang, have enormous export
potential in the future. As a result of road connectivity, a
large number of fruits and vegetables will now get proper
market access outside Mustang.

Citrus, guava, banana, jack fruit, peach, pineapple, etc.

WILD RICE IN SITA KUND

In Nepal, there are four species of wild rice found mainly
in certain wetlands of Terai and valleys, such as lakes
of Pokhara valley. Kamalpokhari of Palpa, Bulbule Tal
area in Surkhet, Kapilvastu, Nepal Ganj, Lothar Forest of
Chitwan, the Kankai Irrigation Headwork area of Jhapa,
the Sundarpur Agricultural Farm area of Kanchanpur and
Nijgadh in Bara.

However, a species of wild rice, possibly upland
species and not previously reported officially, has been
found growing in the Sita Kunda pond area of Rampur
Urban Municipality in Palpa district. The rice grown
naturally on its own without human activities. The local
communities do not touch the rice, nor any attempt has
been made to collect the seeds from this area, mainly due
to the faith based social and cultural significance of the
area and the rice grown there. The legend says that Sita,
the spouse of Hindu Deity Rama, spent some time in the
area during her monthly menstrual cycle. She brought
some rice seeds and dropped the seeds while bathing in
the pond. And hence the pond is perceived to be sacred,
and any plant grown there should not be used, instead
be preserved, and conserved. Local communities are
thus conserving the area and rice grown in the pond for
centuries.

In other parts of the country, due to increasing threats
over the rice habitats, the wild rice is rapidly decreasing.
However, the case in Sita Kund is different to the
situation found in other areas. Since the wild rice is
important source of genetic materials for improvement
of cultivated rice, further research needs to be undertaken
on the wild rice found in Sita Kund. Furthermore, this
area can be promoted as a pilgrimage site for the Hindu
pilgrims from within Nepal and India.

Wild Rice in Sita Kund, Rampur, Palpa

are grown in the mid to lower basin areas. Many jackfruit trees are found in Chapaghat urban municipality areas,
but due to a lack of market, the product is unsold and wasted.

Less productive marginal land (i.e. Kharbari) is used mainly for grazing. Average productivity is low. There
are some areas in the mid-hills and high hill regions where shifting cultivation is practiced, especially on steep
slopes.
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In terms of food security, there is no data available
to show if the local produce is enough to feed the
population of the area. Several communities are self-
sufficient in fresh vegetables. Certain pocket areas have
been developed into commercial vegetable production.
However, most farmers are facing problems in marketing
fresh vegetables due to lack of access to markets,
organized marketing by traders, and the lower price paid
by the middlemen.

Many wild fruits such as Seabuckthorn (Hippophae
salicifolia), Amala (Phyllanthus emblica), Bel (Aegle
marmelos), Jiuro (northern red oaknut), Kafal (Myrica

esculanta), Katus (Castanopsis sieboldii), etc. are found

in the forest areas along the Kali Gandaki River Basin.

Jhiuro (Northern Red Oaknut)

Irrigation for farming:

Kali Gandaki River is one of the most important
sources of water for irrigating land all along the Kali
Gandaki River Basin. However, during the visits to the
Kali Gandaki River Basin area, and discussions with
the local stakeholders, there has been no river water
used for irrigation for agriculture production. Instead,
the tributaries at certain places are seen being used for
irrigation. In several places, traditionally constructed,
and local

maintained, and managed by farmers

SEABUCKTHORN IN MUSTANG

Seabuckthorn (Hippophae salicifolia D. Don.), is an
important multi-purpose tree found at an altitude range of
2000-3600 m asl in Nepal. It is one of the most magical
plant resources with higher value of economy and
ecology. It is a fast-growing multipurpose species which
has an extraordinary capacity to grow and survive under
extreme conditions (-40 to +40° C). It has an extensive
rooting system with strong soil binding capacity, making
the species useful for soil stabilization, riverbank control
and water retention (TISC, 2001).

Seabuckthorn berries and leaves are rich sources of
vitamins, antioxidants, and other nutrients and are widely
recognized for their medicinal value (Maertz, 2006). For
farmers living in the mountains, Seabuckthorn offers
opportunities to maintain sustainable livelihoods by
providing fuelwood, fodder, healthy foods. In modern
medicine, seabuckthorn is used for treating many
ailments. Its leaves and flowers are used for treating
arthritis, gastrointestinal ulcers, gout, and skin rashes
caused by infectious diseases (Facebook status of
Majestic Mustang as shared by Thakuri Jaypang on 5
September 2020).

In Jharkot village near Muktinath in Mustang, where
plenty of seabuckthorn is grown, a group of mothers,
Aama Samuha, has been playing an active role in the
conservation, farming, management, and utilisation of
seabuckthorn for making juice, oil and chuk from its
berries. It is also used as local remedies for different
illness.

Seabuckthorn juice is one of the products that has not
gained popularity among the Nepalese population and
in the markets. Hence, there is an ample opportunity to
promote this product for raising incomes of the local
communities.

Seabuckthorn in Mustang

communities’ irrigation systems have been used. However, during the visits, most people spoke of the need for

irrigation for all-the-year-round agriculture production, and there is plenty of scope for developing a lift irrigation
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system. Galyang Municipality, however, has planned for the construction of a lifting irrigation system from the
Kali Gandaki River.

Although the agriculture sector has immense potential for transforming the economy and enriching the
social life of the whole Basin area, over the past decade or so the increasingly scarce agricultural labor, combined
with other political, social, and ecological factors, have led to increased abandonment of agricultural land,
especially in the mid and high hills. Increased incidence of crop depredation by wildlife has been emerging as a
new challenge. Advancing climate change and increased climate variability are also having serious effects on the
agricultural sector and this is likely to get worse in the future, especially through changes in precipitation patterns
and intensity; rising temperatures; and changes in water regimes.

Interactions with local farmers during the field visits revealed that the production of crops has decreased
and at the same time snowfall amount rate has also been decreased. Overall. For further exploration, people were
asked, and they responded that there was a change in snowfall pattern. Urbanization is also one of the adverse

impacts on agriculture production and abandonment.

Animal husbandry

Livestock is an integral component of farming systems in the hills of Nepal. They are fundamentally used
for milk, meat (except cows), and manure. There are several local breeds of animals. In the mountain region, the
transhumance system is being practiced. Mustang has yaks, cows, goats, and mountain goats (Chyangra). Yaks are
more popular in upper Mustang, particularly in villages bordering Tibet or villages outside the main trails such as
Surkhag, Dhi, Dhee, Tangya, Tshosher, etc. There are mules, donkeys, horses, and Jhopas (hybrid/ cross-bred cow
and yak), which are used mainly to collect fuelwood and transportation foods. In recent years, animal husbandry
has been declining in Mustang. The major factors in the reduction are the prohibition on Nepali animals to graze
on the Tibetan side, low quality of pasture, and difficulty in feeding animals during winters. Similarly, unlike in
the past, the majority of the younger generation is less interested in herding, which has contributed to its decline.
In the lower regions, the smallholder dairy production system has been a major economic activity. Cows and
buffalos are both dominant dairy animals. Animal herd size differs from place to place from 1 to 5 dairy animals
per household. Grazing as well as stall feeding of dairy animals is common across the region. However, the
proportion of dairy animals is low, indicating the presence of many ‘unproductive’ animals. The disposal of
unproductive cattle is difficult, mainly because of religious beliefs. Although many private agro vets exist, animal
health services, in general, are poor as there are limited public veterinary services.

Marketing of dairy products may be categorized into two systems: (i) the rural informal system in which
individual farmers sell their products directly in the local markets or sell through the local collection and selling
agents; and (ii) the formally organized system in which dairy farmers are members of formally recognized dairy
cooperatives. Their products, mainly fresh milk is collected at collection centers and sold to dairy industries. Dairy
cooperatives in Nepal have become a successful enterprises. In certain parts of the lower Kali Gandaki River
Basin area, goat farming and poultry have been emerging as important livestock enterprises.

Forests Diversity

The Kali Gandaki River Basin consists of different types of forest species, based on the ecological zones.
The unity forests).

The forest at elevations below 1,000 m asl including the riverine area is dominated mainly by Sal (Shorea
robusta), Sisau (Dalbergia sissoo), Karma (Adina cordifolia), Simal (Bombax ceiba), Siris (Albizia species),
Jamun (Eugenia jambolana), Khair (Acacia catechu), Bhellar (Trewia nudiflora), etc.

Subtropical broad-leaved forests between 1,000 and 2,000 m are dominated by Chilaune (Schima wallichii)
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and Katus (Castanopsis indica), mixed with Utis (Alnus nepalensis) and others.

The subtropical conifer forest is dominated by Rani Salla (Pinus roxburghii) and occurs on the southern dry
slopes.

The temperate forests between 2,000 and 3,000 m are mainly comprised of lower temperate mixed forests
domain that harbors more than 3,430 species of plants, of which one hundred species are local indigenous
(Biodiversity Profile Project, 1995). The forests in the Kali Gandaki River Basin are under different management
regimes, namely: (i) protected areas, (ii) government-managed forests, (iii) protection forests, and (iv) community-
based management regimes (community forests, leasehold forests, and buffer zone commented by Kharsyu
(Quercus lamellose), Juniper species, Musure Katus (Castanopsis tribuloides). Near Marpha, Pinus wallichiana
forms dense forests, whereas going further north the vegetation altitudinal belt narrows due to both dryness
(downslope) and coldness (upslope). It ranges from an open forest of cedar trees (Cupressus torulosa) in the south
to a xerophytic Caragana gerardiana steppe with Juniperus indica in the north.

The upper temperate forest is dominated by broadleaved species such as Kharsyu (Quercus semecarpifolia),
Phirphire (Acer species), and Guruns (Rhododendron species). The temperate conifer forests are dominated by
Gobre Salla (Pinus wallichiana).

The subalpine forests occur between 3,000 and 4,100 m and are comprised mainly of Talispatra (Abies
spectabilis), Betula utilis, and Gurans (Rhododendron species).

The alpine areas above the tree line include scrub and grasslands. Most of the alpine grasslands are

rangelands, grazed by domestic livestock. The alpine scrub comprises various associations of Juniperus species.

Climate Change

Climate change refers to long-term shifts in temperatures and weather patterns. These shifts may be natural,
such as through variations in the solar cycle and/or by human activities induced change (https://www.un.org/en/
climatechange/what-is-climate-change). It is a phenomenon due to the emissions of greenhouse gases from fuel
combustion, deforestation, urbanization, and industrialization resulting in variations in solar energy, temperature,
and precipitation.

Globally, greenhouse gas emissions are causing climate change. Such emissions continue to rise. As a result,
the Earth is now about 1.1°C warmer than it was in the late 1800s. The last decade (2011-2020) was the warmest
on record (https://www.un.org/en/climatechange/what-is-climate-change). The consequences of climate change
now include, among others, intense droughts, water scarcity, severe fires, rising sea levels, flooding, melting
polar ice, catastrophic storms, and declining biodiversity. The impact of climate change and adaptation measures
is perceived as a major contemporary global concern (IPCC, 2014). Increases in global surface temperatures and
variability of rainfall patterns are likely to occur over the next centuries. The Intergovernmental Panel on Climate
Change (IPCC) has defined a series of Representative Concentration Pathways (RCP) scenarios for future climate
projection (Bajracharya et al, 2018). It is projected that there will be an average global rise in surface temperature
of over 2 °C by the end of the century, compared to the reference period of 30 years from 1986 to 2005. More
specifically, the average temperature is projected to increase over 1 °C under a low-emission scenario, and over 4
°C under an extreme scenario.

Nepal has also been experiencing climate change, mainly in fluctuations in temperature, rainfall patterns,
snowfall patterns, and glacier lakes outburst floods (GLOF) resulting in various disasters. According to Shrestha
and Aryal (2011), temperature data collected from the mid-1970s in the different stations of Nepal indicate that
the average temperature between 1977 and 1994 had increased at a rate of 0.06 degrees Celsius per year, with

a greater rise in temperature at higher altitudes (0.03—0.07 degree Celsius per year. Temperature increases were
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more pronounced during the cooler months (0.06—-0.08 degrees Celsius per year from October to February, for
all of Nepal) than in the warmer months (0.02—0.05 degrees Celsius per year for March—to September, for all of
Nepal) (Singh et al. 2011). The future projections show that the mean annual temperature will increase by 1.3—-3.8
degrees Celsius by the years 2,060s, and 1.8-5.8 degrees Celsius by the years 2090s (Cited by M. Fort, 2015).
Bajracharya et. al. (2011), after analyzing temperature and precipitation data from five stations in the Gandaki
basin, has reported that there has been warming at higher rates at the higher elevation stations. Baidya, et al
(2008), after analyzing the daily temperature data from 1961 to 2006, has also reported that there has been an
increasing trend in the number of warm days and a decreasing trend in the number of cool days, which was more
marked at higher altitudes. The evidence shows increasing temperature and shifting rainfall patterns in the Basin
areas (Dandekhya, 2017).

In these circumstances, the Kali Gandaki River Basin is also not an isolated case. Changes in this Basin,
particularly in the Mustang Valley, have been seen. Su et al. (2013) report that during the period between 1970—
and 2006, the Lete meteorological station (2,540 m asl.) in southern Mustang has shown a pronounced rainfall
increase in comparison with Marpha and Jomsom. Similarly, another study undertaken in upper Mustang shows
that there is a marked, northward declining gradient in precipitation in Marpha (2,695 m asl.), annual precipitation
is around 400 mm decreasing to below 300 mm in Jomsom (2,740 m asl.), and then below 160 mm in Lo Mantang
(3,800 m asl) (Monique Fort, 2015). Inter-annual variability is high, for example in Lo Mantang with “wet” years
such as 1978 (298 mm) in contrast with very dry years as recorded in 1982 (85 mm). Snow precipitation prevails
during wintertime and at an elevation above 2,500 m asl. However, there has been a retreat in snowfall, and there
has been irregular snowfall in terms of timing compared to the past.

A study using the Soil and Water Analysis Technique (SWAT) model and other methods undertaken in
the Kali Gandaki Basin using the climate data (precipitation, relative humidity, solar radiation, wind speed, and
temperature) from all the meteorological stations along the Basin, showed a decreased precipitation for all periods.
The projection also shows less annual average precipitation of over 13% during the 2090s (Bajracharya et al,
2018).

Impact of climate change

Nepal has been termed the fourth
most vulnerable country in the world !
in terms of climate change effects. The
adverse effects of climate change are
already visible in various sectors across [
the country.

Climate change has multidimen-
sional threats as it largely affects water
resources, agriculture, coastal regions,
freshwater habitats, vegetation and |
forests, snow cover and melting, and
geological processes such as landslide,

T4

desertification, and floods, and has long- e L .
. Interaction with the displaced and rehabilitated families from Upper
term effects on food security as well as ) )
Mustang in Dhorfirdi

in human health. The potential impact of

climate change will be more evident in the Himalayan region, where the runoft is dominated, largely, by glacier
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melt and snowmelt. In November 2021, a massive avalanche occurred on Mount Manapathi near the Kowang area
of Mustang. In the incident, eight adults and three school children from Thasang Rural Municipality were injured.
About 120 yaks went missing, possibly buried, after the avalanche.

Nepal’s National Adaptation Programs of Action (NAPA) has documented temperature and precipitation
trends in the country and provides national-scale climate projections. Observed climate variability and change
Temperature data collected between 1977 and 1994 indicate an average increase in temperature of 0.06°C per
year nationally and from 1996-to 2005 an average increase in the maximum temperature of 0.04°C per year. The
increasing trends are, however, variable across the country. Precipitation data collected from 166 stations across
Nepal from 1976 to 2005 shows an increasing trend in annual precipitation, but with considerable local variation,
including in pre-and post-monsoon precipitation and winter precipitation. Himalayan glaciers' melt and retreat
have also been documented, with 18 glacial lake outburst floods (GLOF).

Impact on Water

An increase in temperature in the Kali Gandaki basin is more pronounced in upper elevation basins than in
the lower elevation basins. This could be of serious concern because the glacier and glacier lakes are dominant
features of high elevation zones in the Kali Gandaki basin. More than 1,000 glaciers have been identified in the
Kali Gandaki River Basin covering an area of over 2000 km2. A study carried out by ICIMOD (2011) reported
26 glacier lakes in the basin as of 2009, based on satellite images. The increase in temperature results in glacier
melt and an expansion of glacier lakes will result in Glacier Lakes and Outburst Floods (GLOF). This will have
an effect on the discharge and water yield at the outlet of the basin. Snowmelt largely contributes to the increase in
discharge, for snowmelt is anticipated to increase by as much as 90% during the 2090s (Bajracharya et al, 2018).
Water discharge at Kali Gandaki River is expected to increase significantly in the future, particularly during the
pre-monsoon and monsoon seasons. But evapotranspiration exceeds about 40% of the annual precipitation (Jagat
Kumar Bhusal, et al, 2018).

Impact of climate change

Nepal has been termed the fourth most vulnerable country in the world in terms of climate change effects.
The adverse effects of climate change are already visible in various sectors across the country.

Climate change has multidimensional threats as it largely affects water resources, agriculture, coastal
regions, freshwater habitats, vegetation and forests, snow cover and melting, and geological processes such as
landslide, desertification, and floods, and has long-term effects on food security as well as in human health. The
potential impact of climate change will be more evident in the Himalayan region, where the runoff is dominated,
largely, by glacier melt and snowmelt. In November 2021, a massive avalanche occurred on Mount Manapathi
near the Kowang area of Mustang. In the incident, eight adults and three school children from Thasang Rural
Municipality were injured. About 120 yaks went missing, possibly buried, after the avalanche.

Nepal’s National Adaptation Programs of Action (NAPA) has documented temperature and precipitation
trends in the country and provides national-scale climate projections. Observed climate variability and change
Temperature data collected between 1977 and 1994 indicate an average increase in temperature of 0.06°C per
year nationally and from 1996-to 2005 an average increase in the maximum temperature of 0.04°C per year. The
increasing trends are, however, variable across the country. Precipitation data collected from 166 stations across
Nepal from 1976 to 2005 shows an increasing trend in annual precipitation, but with considerable local variation,
including in pre-and post-monsoon precipitation and winter precipitation. Himalayan glaciers' melt and retreat
have also been documented, with 18 glacial lake outburst floods (GLOF).
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Impact on Water

An increase in temperature in the Kali Gandaki basin is more pronounced in upper elevation basins than in

the lower elevation basins. This could be of serious concern because the glacier and glacier lakes are dominant

features of high elevation zones in the Kali Gandaki basin. More than 1,000 glaciers have been identified in the
Kali Gandaki River Basin covering an area of over 2000 km2. A study carried out by ICIMOD (2011) reported
26 glacier lakes in the basin as of 2009, based on satellite images. The increase in temperature results in glacier

melt and an expansion of glacier lakes will result in Glacier Lakes and Outburst Floods (GLOF). This will have

an effect on the discharge and water yield at the outlet of the basin. Snowmelt largely contributes to the increase in

discharge, for snowmelt is anticipated to increase by as much as 90% during the 2090s (Bajracharya et al, 2018).

Water discharge at Kali Gandaki River is expected to increase significantly in the future, particularly during the

pre-monsoon and monsoon seasons. But evapotranspiration exceeds about 40% of the annual precipitation (Jagat

Kumar Bhusal, et al, 2018).

Impact of climate change on agriculture and Biodiversity
The resident population in the Kali Gandaki River Basin relies
mostly on rainfed farming. The agricultural sector is particularly
vulnerable to climate change, especially increased variability in
temperature, and changes and unpredictability in precipitation will
affect water availability for farming. There might be excessive
rainfall followed by waterlogging and drought will harm agriculture.
Climate change parameters: temperature, rainfall pattern, and
humidity have an impact on the development and distribution of
pests and diseases. An increase in temperature and carbondioxide
will lead to an increase in the population of pests and the severity
of diseases in the crops. There will be effects on cold-water fish,
herbs, pasturelands, fruit trees, and livestock. In Kunjo, Lower
Mustang, an increase in the number of rainy days and foggy days
has led to the decline in apple production as the humid conditions
make the apple more prone to pests (Manandhar et al, 2011). In the
summer of 2016, Tuta absoluta, a devastating tomato pest, was in
Kathmandu and surrounding districts like Bhaktapur and Kavre,
and it has spread across the country now. It affected the tomato
yield by 80% to 100% (The Kathmandu Post, October 19, 2019).
It has been reported that climate change has negatively
affected the local crop varieties/ landraces (Regmi and Poudel,
2009). There will be an impact on the ecosystem and habitats.
Climate change will also affect cropping patterns. A study
undertaken by Manandhar et al (2011) in Mustang noted changes
in the pattern of farming of buckwheat, both sweet and bitter types,
due to delayed frost. Previously it was not possible to grow bitter
buckwheat in the lower Mustang because the harvesting season in
September coincided with the start of the frost period. But frost
has reportedly been delayed by a month and farmers can now grow

IMPACT OF GLOF IN UPPER MUSTANG

In 1985 and 1989, two different devastating
glacial lake outburst floods (GLOF) occurred
from the west side of the Mustang valley. The
1985 event damaged and destroyed farmlands
and high pasture meadows, while the 1989 even
affected several houses, killed several people
and cattle. The source area of these disasters
lies on the northeast side of the glacierized
Man Shail peak (6,268 m asl.) and the flood
propagated through successive pulses along
the Kali Gandaki valley down to Jomosom.
The context of the disasters seems to be
related to temperature rise and lake formation.
Ninety-four families were affected from the
disasters, of whom 34 families were moved to
Dhorfirdi in Tanahu district for rehabilitation.
An interaction was held by 3-members of the
Kali Gandaki Study Team with some families
residing now in Dhorfirdi about their recall of
the disaster and the impact on local people,
houses, farmland, and their overall livelihoods.

The 1988-89 GLOF impacts in the upper
Mustang (Photo Source: M. Fort, 2015)
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bitter buckwheat, without the pressure to harvest it early. It has also been reported that farmers can also grow
maize crops in upper regions of lower Mustang as the higher temperatures favor growth, whereas previously it
could only be grown at lower elevations (Manandhar et al, 2011; 345-346). Malla (2008) observed that with the
general warming trend, vegetables such as cucumber, beans, tomatoes, pumpkin, and chilly can be now grown in
the upper Mustang region.

Downstream farming communities are more vulnerable to the impact of flash floods and other water-induced
disasters. Cultivated and arable lands are more prone to damage by floods. Areas close to the river are affected by
silt deposition during floods which reduces the productivity of the land. Thus, climate change has been and will
impact the livelihoods of farmers. The impact of climate change has been affecting agricultural production, food
security, and hardship to subsistence farmers.

Climate change not only affects agricultural production and availability of food but also creates a negative
impact on access to food for the poor, reducing their purchasing power and leading to food insecurity and
malnutrition. The climate change might also create conditions where even the day-to-day feeding might become
difficult. “Climate change will have more impacts on agro-biodiversity. Climate change and heat stress are already
killing the bee population and equally affecting other animals.

Thapa et al (2013) studied the impact of climate change on biodiversity in the Terai Arc Landscape (TAL)
and the Chitwan-Annapurna Landscape (CHAL). They have reported that the mid and lower-hill forests in the
CHAL including several areas along Kali Gandaki River Basin are more vulnerable to climate impacts. By 2050
the Subtropical Broadleaf forests will be extensively converted into a vegetation type with a different species
community, and the Hill Sal forests will become highly fragmented within a matrix of a different vegetation type
(Thapa et al, 2013). Likewise, several wildlife species will also be affected by climate change.

Impact of Climate Change on Energy

Climate change has serious implications for hydropower. The hydropower projects in the upper Gandaki
basin face challenges because of the changes in rainfall and temperature and fluctuation in runoff and discharge,
which affects power generation. Inconsistent energy production has been reported from time to time from Kali
Gandaki Hydropower ‘A’, which may be due to variations in the water discharges. The factors affecting the
availability of water, and thus power generation, include retreating glaciers, expansion of glacial lakes, and
changes in the seasonality and intensity of rainfall (Bajracharya et al, 2028).

Climate change also has implications for other sources of fuel. For example, a rise in temperature in the
summer may lead to an increased incidence of forest fires which could affect the availability of fuelwood, which

many households depend on to meet their energy needs, and forage.

Impact of Diversion of Kali Gandaki River
Any diversion of the Kali Gandaki River will
negative impact on several aspects along Kali Gandaki River Basin. Specifically, it will:
* QGreatly reduce the quantity of river water, thus will decrease in water availability for various needs
* Will reduce groundwater discharge affecting agriculture production and productivity
 Affect micro-climates and eco-systems
+ Affect fish and avian migrations
* Reduce biodiversity and habitats
 Affect livelihoods of the local communities dependent on the water resources of the Basin leading to out-

migration of the local people.
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Suggestion

1.1 Biodiversity:

Comprehensive study on all spheres of biodiversity (fauna and flora including agro-diversity)

Initiate biodiversity conservation, rational utilization, and management.

Study the consequences of climate change on biodiversity and develop comprehensive, long-term
conservation plans and strategies for implementation

Conservation and management of diversities of Kush (Desmostachya bipinnata), Tulsi (Ocimum
tenuiflorum), Pipal (Ficus religiosa), and local indigenous animals such as local cattle. species diversity.
Strengthen on-farm in-situ conservation, utilization, and management of plant genetic resources,

Strengthen farmer seed systems

1.2 Climate Change Mitigation and Adaption:

Study and explore local adaptation and mitigation measures, and promote good practices

Develop training materials with cases of the impact of climate change seen above Dana (Myagdi)

1.3  Agriculture, Livestock, and NTFP:

_qoo_l

Establishment of High-Altitude Research Centre in Mustang

Promoting climate-friendly agriculture

Use of riverbanks at lower streams for farming such as watermelons

Promote farming of neglected crops and forest fruits

Promote cultivation of herbal and medicinal plants

Promote marketing of local products such as Jimbu, Seabuckthorn, Amala, and the like

Promote Agro-tourism

Establish and operate lifting Irrigation systems in potential areas

Establishment of agro-product collection centers, and establish farmer's markets to minimize exploitation
by middlemen

Develop pricing policy for agriculture products

Processing/semi-processing of herbal and medicinal plants

Promote local products and food culture through value addition, marketing, and education

Promotion of vegetable seed production in potential areas

Leasing out of fallow lands to unemployed youths and marginalized families

Protection of fishing from illegal means, conservation of native species and develop fisheries programs
for conservation, livelihoods, and sporting purposes.

Engaging agriculture scientists and institutions to identify and develop drought, flood, pest, and disease

tolerant crop varieties.
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