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National Center for Hydrology and Meteorology
Thimphu: Bhutan

Foreword

First of all, I would like to congratulatethe Hydrology and Water Resourceivision
(HWRSD), National Centrefor Hydrology and Meteorology(NHCM) for publishingthe
Annual Reportfor the Fiscal Year 2016-17. This publicationis very importantsincethe
Royal Civil ServicesCommission(RCSC) hasintroducedthe Performancevlanagement
System(PMS)to monitore mp | o gffeciveresandto achievethe plannedobjectives
& goalsof theorganization.

| would like to commendthe Staff of the Hydrology and Water ResourceServices
Division for the outstandingperformancein the fulfilment of their mandatedtasksand
plannedactivitiesfor the FY 201617. Therelentlesseffort investedby the division would
go along way to enhanceheir capacityin providing improvedflood forecastingandearly
warning servicesand to remain focusedtowards becoming an outstanding hydranet
serviceprovider inour country.

The year20162017is the watershedyearfor the NHCM, whereit wasdelinkedfrom the
Ministry of Economic Affairs and createdan autonomouscentral agencymandatedto
provide serviceson weather, climate and water resourcesAs such,the NHCM shall
remain at the forefront in providing valuable weather, hydrological information and
servicesto the nation. The timely disseminatiorof relevantinformation would enableour
countryto respondbetterto weatherdisturbancestherebyreducingthe loss of lives and
damagesto the properties.Furthermore,the Hydro-met Servicesmust work towards
raisingthep u b | level @ awarenessn the effectsof climatechangenot only to mitigate
andreducedisaster riskdut alsoto improve theresiliencyof our country,particularlywith
flood andGLOF.

| am confidentthat Hydro-met Servicesfortified with the commondesireto betterserve
our countryandpeoplewill continueto movetowardstherealizationof its vision.

Again, my heartfeltTrashiDelek to the HWRSD, NCHM in particularandall the staff of
thecentrein general.

(KarmaTsering)
Director
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Introduction

1 BACKGROUND

Bhutanis small mountainousountrylocatedbetweenatitudes26° 4 5Nbto 28°1 ONand
longitudes8 8 AE 5 6 o B, BoAdéréddy China to thenorthandIndiato thesouth.

The variationof climateandits extremesare dependenbn the altitude. In caseof Bhutan,

thevastelevationdifferencedor small stretch(approximatelyelevationof 200m in south to
7000min North within a distanceof lessthan175km)with steepterrainexposethe country

to different hydro-meteorological hazards.In addition to the recurrent flash floods,

landslides,wind stormsand river erosions,Bhutanis considerechighly vulnerableto the

threats of glacial lake outburst floods(GLOFs) because, mosibf the important

infrastructure agriculturalland and over 70% of humansettlementsare locatedalong the

maindrainagebasins.

The Indian southwestmonsoon,which sweepsin from the Bay of Bengal has strong
influence on the climate of Bhutanwith dry winter and wet summermonsoon,and the
temporal variations or diversity in climate are correspondinglyextreme. Thus, while
southernBhutanis generallyhot and humid subtropical conditions,the high Himalayan
Mountainsin the northernbordersof the country experienceseverealpineclimate,andare
underperpetuaice & snow.

B h ut a&limatesdoes vary considerablybetweenthe valleys and within the valleys,
dependingon altitude levels. Thesefeaturesalso make the rainfall differ considerably
within relatively short distancesdue to rain shadoweffects.From pastrecords,the mean
annualrainfall varies approximatelyfrom 2,500to 5,500 mm in the southernfoothills,

1,000to 2,500mm in the inner valleys,and 500 to 1,000mm in the northernpart of the

country

Bhutanis landlockedcountrywith abundantvaterresourcesyhich aremostlyin the form
of rivers. Therearequite a number oflakeslocatedin remoteandhigh altitudealpineareas
of this country. Theselakes are formed due to increasedmelting of glaciersand sudden
outburstof theselakeswould resultin flash floods/GLOFwith severedamagego the life
andpropertydownstream.

The major rivers of the countryflow north to south,with their sourcesn the alpine zone
andflowing right downto the tropical zoneon the borderwith India. Therivers of Bhutan
generallyhavesteepgradientsand narrow steepsidedvalleys, which occasionallyopenup

to give small areasof flat land for cultivation. They carry large volumesof flow and

sedimentduringthe monsoorseasorandsignificantsnowmeltat the end of the dry season.
Shortrain-fed tributariesdescencevenmore steeplyfrom eastor westto join thesemajor

rivers. Due to the steeplongitudinal gradientsand the high annual runoff, theserivers

provide significant potential for hydropowerdevelopmentwith an estimatedtheoretical
potential 0f30,000MW (PSMP,2004).




The existencesf distinct rainy and dry seasonsare the main reasongfor large seasonal
variationsin river flows. Theriversin Bhutancarrylargevolumesof flow and,often, also
high sedimentduring the monsoonseasonHowever,the flow is relatively low during the
dry seasondue to the limited rainfall and limited existenceof major groundwater
reservoirsSnowmeltfrom the high altitudealpineareasn the north contributesto the flow
atthe endof thedry seasonApart from the major north-southflowing rivers, Bhutanhasa
densenetwork of small perennialand rain-fed tributariesthat flow down the steepslopes
andsidevalleys,oftenaswaterfalls,to join themajorrivers.

Bhutanis broadlydivided intofour majorriver basins(Figurel) viz. Amochhu,Wangchhu,
PunaTsangchhuand ManasRiver Basins. Theall originatefrom the high altitude alpine
snowcladdedareain the north,andflows into the BrahmaputraRiver to the southin Indian
plains.

The Amochhu is transboundaryriver that origin in Chinaand flows throughthe western
districtsof Ha and Samtsebeforeit finally drainsinto the plainsof India via Phuntsholling.
The Jaldhakas small transboundaryriver thatthat originatesfrom southeasterikkim in

the easterrHimalayas.Theriver entersinto Bhutanandis joined by Bindu Khola andother
smalltributariesunderSibsooDungkhagSamtse.

The Wangchhu consistsof threemajor tributariesfrom the threevalleys of Thimphu,Paro
andHa. Theyoriginatewithin Bhutanfrom the glaciersandsnowcappedmountainsn the
north. It flows south to théndian plainsthroughChhukhadistrict.

The Punatsangchhu(or Sankoshriver) consistsof two major tributaries, Phochhuand
Mochhu, that originate from GasaDzongkhag.The two rivers join at PunakhaDzong to
becomePunatshangchiSankosh)that flows through WangduePhodrang, Tsirang and
Sarpangizongkhagshefore flowingto thelndianPlains.

The Manasis the biggestriver basin,which drainsalmostall the catchment®f Centraland
Eastern Bhutan. It comprisesof four major subbasins, namely: Mangde Chhu and
ChamkharChhu (which both originate closeto GangkharPuensum)Kuri Chhu (which

originates from China), and Dangmechhu(formed by joining two main tributaries

Kholongchhuthat originatesfrom the northerneasternpart of Trashi Yangtseand Gongri
that originates from China and flows from Aurunacha Pradesh in India to

Bhutan).Kurichhu and Gongri are transboundrayrivers that originatesfrom Autonomous
regionof Tibet, China.

Thethreeminor rivers that drainsthroughthe southeastereornerof the countryare Nyera
AmaRi, Nonori Chhu,andJomoChhu(Dhansari).
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2 NATIONAL CENTER FOR HYDROLOGY AND METEOROLOGY (NCHM)

The National Centrefor Hydrology and Meteorologyis the nodal agencyresponsiblefor
weather,climate and water resourcesn Bhutanestablishedo fulfil the following vision
and missionof the Royal Governmenf Bhutan.The NCHM is newly establishedctenter
instituted as a result of the recommendationsf OrganizationalDevelopmentexerciseby
RoyalCivil ServiceCommissionn 2016.

Vision:

Make Bhutanhydro-metreadyandresilientnation by taking on the challengesf working
with complex physical processesitilizing advancedechnologiesmoderncommunication
systemsand highlyskilled employees.

Mission:

Provide quality, accurate reliable, usable,locationspecific and timely servicesto reduce
risksandto optimizebenefitin thefollowing areas:

1 Createvalueandenhancesocietalbenefitsfrom hydrometresourcedor sustainable
development;
Protectlife, livelihood anddevelopmeninfrastructurerom hydromethazards.
Safeguardhe environment
Ensurecontinuityof hydrometmonitoringandobservations
Promoteendogenousapacitybuilding
Meetinternationakkommitmentsandcontributeto internationalcooperation

The Hydrology and Water ResourcesServicesDivision (HWRSD) is one of the four
technicaldivisions establishedinderthe National Centerfor Hydrology and Meteorology
(NCHM). Based on the new organizational structure and mandatesof NCHM, the
following arethe mandatesndfunctionsof the HWRSD:

= =4 =4 4 2

2.2.1 Mandatesand Functions

The HWRSD is mandatedto monitor, assessand conducttargetedscienceresearchon
hydrologyandwaterresourceso that policy makersandthe public havethe understanding
theyneed tcenhance preparednesssponseandresilience.

The division is focal point for hydrology, water resourcesand flood/GLOF warning
servicesof NCHM. Someof thespecificfunctionsare:
a. Formulateplansand programsrelatedto hydrology, flood forecastingand warning
services;
b. Managemenbf nationalhydrologicaldatabassystem and dissemination




Monitoring andProvideFlood/GLOFEarly warningservices;

Provideflow forecastingservices;

e. Nationalfocal point to operatehydrologicalflow forecasting& flood early warning
systems and monitor extremes hydrological events 24x7, particularly the
flood/GLOFeventsfrom the Flood Managemen€Control RoomgFMCR);

f. Coordinateand conductresearchn the field of hydrology, waterresourceslimate
changampacts;

g. Assessmentf WaterResources-loodandGLOF Risksandhazardmapping.

h. Institutional cooperationand linkage relatedto Hydrology and Flood information
exchange;

i. Educationadvocacy and awareness about hydrology, fleée®F and early
warningsystems;

j.  Publicationsof HydrologicalDataBook andResearchPapers.

Until June 2016, the National Hydrological network consistsof sixteen (16) Principal
Hydrological Station(equippedwith bank operatedcableway systemwith a current meter
to measurethe dischargeon major rivers) and nine (9) SecondaryHydrological Station
(where flow/discharge are measured using traditional float method). The daily
observation®f thestationsweredonemanuallyby regularstaff postedn the stations.

Qo

As a part of modernizationof hydrologicalnetwork and enhancethe densityof stationin
Bhutan, new hydrological stationswere installed and the existing manual hydrological
stations were upgradedto Automatic reattime station (AWLS) under NAPA-II and
other donor assistedprojects implementedby NHCM. As of June 2017, there are
nineteen(19) Principal hydrological Station and thirty-one (31) Secondaryhydrological
Stationsinstalled alongthedifferentriver basinsandsub-basinsn Bhutan (Detailssin the
Annexure).

The hydrological network also includesthe fifteen (15) SedimentSampling Stationsand
eight (8) SedimentLaboratoriesvhich are setupand operatedn parallelwith someof the
river gaugingstations.

Further,with the aim to protectandensurepreparednesgom the threatof rainstormflood
and GLOF, Flood/GLOF Early Warning Systemswere beinginstalledand are operational
in thefollowing three(3) river basinsasmentionedbelow:

a. GLOF Early WarningSystem(EWS) in the PunakhawangdiValley (10 Realtime
Automatic ALWS/AWS Station, Basin Control Room (Wangdi) and 18 Warning
Sirens);

b. Rainstormand GLOF EWS in the Mangdechhwsubbasin(2 Real Time Automatic
AWLS/AWS Station,BasinControl Room and 8VarningSirens);

c. RainstormandGLOF EWSin the Chamkarchhwsub-basin(4 Real Time Automatic
AWLS/AWS Station, Basin Control Room and 6 Warning Sirens).
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Table 1: Annual Performance Agreement(APA) Targets and ServicesDelivery of HWRSD for FY 201617.

SI.No.

Objective

Action

Successdndicator

Unit

Planned
(June 2016)

Achievement
(July 2017)

Toimprove
Flood/GLOFEarly
WarningServicego
minimizelossof
lives andproperties.

Operationof
GLOF Early
WarningSystem
for 24/7

Numberof GLOF/FloodEWS
issuedduringthe severe
weather

No.

100%

- GLOF/Floodon Punatsangchhijlangdechhi&
Chamkharchhmonitored24x7 andnformedrelevant
authoritiesandhydropowelplantson timely basis.

- Riverlevelstatusof Punatsangchhivangdechhug
Chamkharchhdisseminatedo therelevantagencieon
subdaily basisincludingglaciallakelevel of Luggye,
Thorthormi,Rapsthreng@ndBaytshoin Phochhu
headwater.

Numbersof
Workshop/trainingor GLOF
EWS ControlRoomand
modelling

No.

- Conductedraining/workshopnii C o n Roono |
OperatiorandMa i n t e fordahe Coptrdl Roomstaff
of Kurji, MangdechhuyWangdiandFMCR, NWFWC.
(4nos 1 trainingin eachcontrolrooms),

- Participatecanddeputed3 resourcepersonfori Hy € r
meteorological induction o u r fer eewly recruited
hydromettechniciansandEngineersat Punakhg1no.).

- Participatechnddeputed4 resourcepersongor
fiunder shydometataands e r v forche s 0
stakeholderat Paro(1no.).




Planned

Achievement

etc.

SI.No. | Objective Action Successndicator Unit (June 2016) (July 2017)
Different Hvdrological - Following hydrologicalmodelsarecurrentlybeingpiloted:
Hvdroloaical Model softv)\//aresegliected No 5 - MIKE 11 inMochhuin collaborationwith ICIMOD
M)(/)delling andpilotedin Bhutanrivers ‘ - HBV in MangdechhuChamkharchhandWangchhu.
and FIoo?i - IFAS for MangdechhuyChamkharchhandWangchhu
Forecasting SelectecHydrological - Following hydrologicalmodelsarecurrentlyoperationabn
oS . pilot basis:
Capacitybuil wv%?%asseitrl]gﬁ(rjgg;;etirgnal A 2 - HBV in MangdechhuChamkharchhandWangchhu
(3nos.).
To deliverand Hydrological Yearbook No 1 HydrologicalDataBook for the Year2016publishedand
enhance published ' disseminated.
hydrological Floodadvisoriegrepared FMCR,NWFWC of HWRSDissuedlood advisoriesandriver
andrelated andissuedbasednthe 5 level statuson sub-daily basisto therelevantstakeholdersluring
5 environmental modellingresults themonsoonMin. 2 flood advisorybulletinsareissued).
information& , , - AnnualReportfor HD publishedanddisseminatedo relevant
servicedo the | Hydrological SCIEEETEETE ST e agencies.
. ) ; relatedto FloodandGLOF : : . .
public, information/ EWS publishedand No. 2 - Floodbulletinsarepublishedanddisseminated.
government documents disser%inate d - Mapsrelatedto GLOF EWS, flood hazardse t cugdatedcand
andotherusers| publishedand disseminated.
Lﬂﬁ‘\iizmces ggtd;;rlgg;ggﬁgiiggmem 100% Hydrologicalandsedimentlataprovidedto all the usershased
basednrequest onrequest.
Reviewandpublication of
documentselatedto - SOPsandO&M manualdor the GLOF andRainstorm
Hydrology, Water 100% Flood EWS inMangdechhuChamkharchhandFMCR of
Resources;lood/GLOF NWFWC developedpublishedanddisseminated.
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3 HyYDROLOGICAL EXTREMES 2016

Every year Bhutanis impactedSouthWest monsoon However,heavytorrentialmonsoonrainsin
July/August2016 led to flash floods and landslidesimpacting and cutting off many parts of the
southBhutanfrom the rest.Four districtsof SamtseChhukha,Tsirangand Sarpangn the southern
part of Bhutanare worst affectedby floods. Other districts affectedby flood are Phuentsholing,
Lhamoiyzingkhaand Gelephu.The continuousheavy rainfall triggering flash floods startedfrom
220 July 2016.Many landslidesresultingin major roadblockson the nationalhighways,farm roads
anddamageso bridges NCHM issuedthe weathemwarningandadvisoryof theevents.

His Majesty the King accompaniedy Prime Minister visited the all affectedareasof southern
Bhutanandpersonallyoverseerthe searchandrescuemissionincludingrehabilitation.

| s . - @ Sa
\ - A ~ . -
& -+ & - -
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HM aftheflood affectedareain southerrBhutan
(Sourceilnternet)

e
)

ighaydamagedit Kamiji onhphlig
BudhiniBridgedamagedy flood in Samtse NationalHighway(Source: BBS)
(SourceKuensel)
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Bhutanreceivedthe heaviestsnow fall in March 11, 2017 after severalyears.Thimphu recorded
morethan7 inchesof snowfall (NCHM, March 2017).1t is alsothec o u n heayeétsnowfall in
the recentmemory.Snowfall in Bhutanis dueto the westerndisturbancgWD) thatis the westerly
wind blowing towards the easternHimalayan range bringing moisture from the Mediterranean
region

MON TUE WED THU FRI SAT
3 45 6789

(Source: http:/lyellow.bt/bhutarcalendarapril-2017)

ot x\
1 SRSRS i

wfallof 2017in Thimp u(Soure:DrukraiIs)

= :
Firstsno

Firstsnowfallof 2017, NWFWC, Thimphu
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4  SUMMARY OF FINANCIAL STATEMENT

Thesummaryof thefinancial statemenfor theFY 20162017

Items Total budget Expenditure in millions (Nu.) Remarks
allocatedin millions
(Nu.)
1. Project (PHPA) 1.954 1.954
2. Project (MHPA) 8.866 8.866
Total 10.82 10.82

Table 2: Detail BudgetBreak down

Approved Expenditure in
SI. No. Activity budgetin millions (Nu.)
millions(Nu.)
A PHPA Co-financing
1 Plants &Equipment General 0.809 0.809
Tools, Instrument
2 Computers Peripherals 0.14 0.14
3 Professionabervices 0.14 0.14
B MHPA Co-financing
1 Training- HRD 0.115 0.115
2 ProfessionaBervices 2.14 2.14
3 Plant & EquipmemGeneralTools,
instruments 0.248 0.248
4 Exp.onStructureothers 1.322 1.322
5 Furniture 0.171 0.171
6 Office Equipment 0.1 0.1
9 ComputersaandPeripherals 1.684 1.684
Total 10.82 10.82
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HIGHLIGHTS OF ACCOMPLISHMENTS
FOR THE FY 20162017
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5 HIGHLIGHTS OF ACCOMPLISHMENTS FOR THE FY 201617

5.1.1 HisMaj e sVisiytéluunana

His Majestythe King visited Lunanain October2016.During the visit, His Majesty also
met with thestaff of the NCHM andinspected GLOEWSfacilities installedin the Lunana
areato provide GLOF early warning servicesto PunakhaWangdi valley and other
infrastructuredownstreamOut of 10 (ten) real time remotemonitoring hydrologicaland
weatherstation and 18 warning sirensinstalled along the Punatsangchhbasin, five (5)

remoteautomaticweather/flood/GLOFMonitoring stationsand three (3) sirensin Lunana
area.GLOF EWSfacilities areoperatecandmanagedy the NHCM.

Picl:HisMa j e s t o &ISOF EWSStation,Lunana Pic2: HisMa j e s t to&leod WarningSiteOffice,
Thanzalunana

Since two NCHM technicians are only government employee stationed at Lunana
throughout the year, His Majesty granted greenhouseequipment and accessorieso
cultivateandgrow vegetablegor selfconsumptionaswell asto showcaseo the peopleof
Lunana.The constructiorof greenhousewascompletecby NCHM staff with funding from
PHPA co-financingduring the FY 201617. NCHM plansto work with GasaDzongkhag
for the operationof greenhouse.

5.1.2 Renovationof Flood Warning Site Office

NCHM deputediwo regularstaff at Thanza,Lunanafor physicalmonitoring of lakesand
weathernn Lunanaarea.They serveasa backupto the automaticGLOF EWS installedby
transmittingmanualdatafrom Lunanato GLOF EWS Control Room, Wangdi as per the
daily datatransmissiorscheduleTheyarealsoresponsibldor runningand maintenancef
GLOF EWSfacilitiesinstalledin Lunana area.

To facilitate the staff working in the very high altitude, the Flood Warning Site Office at
Thanza wagonstructealuring theFY 201415 with the fundingrom PHPA.However,the
office building wascompletelydamagedy the windstormin Decembe016.Considering
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the importanceof the office, it was renovatedduring the FY 201617 throughPHPA co-
financing project implemented by HWRSD, NCHM. The HF radio and other
communicatiorfacilities areoperatedrom this siteoffice.

TR e T G
.”.—' -

Pic 3: Damaged FloodVarningoffice Pic 4: RenovatedFlood WarningOffice

5.1.1 Maintenanceof GLOF-EWS Facilities at Lunana

The GLOREWS facilities are requiredto be maintainedfrom time to time to keepfully
operationalto provide GLOF EWS servicesdownstream.Although day today routine
maintenanceavorks are being carriedout two regularstaff stationedat Lunana,everyyear,
NCHM deputedechnicalmaintenancéeam in the month of Septemb@ctoberto carryout
majormaintenance aneplacementdf damagedgartsto keepthe systemfully operational.

Pic 5: Maintenanceof Waterlevelsensorat Lunana Pic 6: Repairingof SolarPanel atLunana

All the costsrelatedto procuremenbf sparesand maintenanceof GLOF EWS facilities
along the Punatsangchhwere coveredfrom the PHPA co-financing projectimplemented
by NCHM. With the completionof PHPA confinancingproject,it will be a challengefor
NCHM to maintainthe systemasthereis limited recurrentoudgetfrom RGoB.
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5.1.2 GLOF Control Roomat Kurjey Regional Office

Initially, the GLOF EWS Control Room of Chamkharchhwvas establishednside the old
Hydrology Site Office at Kurjey, Bumthangby JICA Contractor.Upon completionof the
new NCHM RegionalOffice, Bumthangthe control room wasshiftedto the new building
by HWRSD staff in January2017.The controlroomis equippedwith realtime monitoring
display and communicationfacilities with backup power generatorto keep the system
operationaburingthe powerfailures.

Pic 7: RegionalOffice,Bumthang Pic 8: ControlRoom

5.1.3 Realignmentof DCP Antenna

The GLOF EWS was installed along Mangdechhuand Chamkharchhwsub basinthrough
JICA-TCP supportedorojectimplementedirom 20132016. The projectwas implemented
by NCHM andthe GLOF/Rainstormwarningsystemswereinstalledandoperationain the
basinsfrom March 2016.HF communications beingusedas the primary communication
for the GLOF EWS for Mangdechhuand Chamkharchhwsubbasin with DCP (satellite
communication}hroughGTS asa backupcommunication.

However,realignmentof DCP antennahadto carriedout dueto migrationof Meteosat7 at
57 ° toMeteosai8 at41.5° witheffectfrom March 2017asperthe communicatiorreceived
from JICA Experts/Consultantsn January2017. Consideringthe remote monitoring
stationslocatedin the deepvalley, the satellitecommunicationsvith Meteosat8 could not
be establishedLater, JICA contractorconfirmed that Meteosat8 cannotbe usedfor the
projectin Bhutanasthe direction of antennas blockedby mountainridgesand suggested
for changeto othersatellitesto usethe DCP communicatiorfor the EWS.
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Pic 9: Realignmenof DCP for EUMETSATrom Meteosat7 at 57 ° to Meteosat3 at41.5°.

5.1.4 Installation of AWS in the Mangdechhu Sub-basin

Adequatenumbersof climate station(AWS) with goodquality time seriesdatais essential
to perform hydrological modelling. To enhancethe coverageof networkin Mangdechhu
basinthreeadditional AWS wereinstalledalongMangdechhwsubbasinunderMHPA Co-
financing. Three AWS stationsat Dorji Goenpa,Simphuand Dam Colony were installed
duringtheFY 201617.

DamColony Dorji Goenpa Simphu

Pic 10: AWSinstalledin Mangdechhwsubbasin
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Datafrom thesethreestationsaretransmittingon real time to National Weatherand Flood
WarningCenter,NCHM in Thimphu.Datawill be usedfor runninghydrologicalmodelling
aswell asto provideearlywarningservicesduringthe extremeweathers.

5.1.5 Training for Control Room Operators

There are three control rooms operational in Chamkharchhu, Mangdechhu and
Punatsangchhbasin.Eachcontrol room is operatedby regularstaff recruitedwith effect
from January2017.Controlroomsareoperated?24x7 on a shift basis. HWRSD throughthe
support of MHPA-financed project conducted hands on training on operation and
maintenancef control room facilities and SOP.The training also includedsite visits and
maintenancef field stations.Training were conductedoy resourcepersondrom HWRSD
andFWS. Detailsof thetraininggivenbelow.

Control Room (CR) Date No. of Participants
a. Kurjey CR, Bumthang 5-7 June2017 6
b. Mangdechh(CR, Trongsa 9-11June2017 4
c. WangdueCR, Wangdue 1519 June2017 6
d. FMCR,NWFWC, Thimphu 20-22 June2017 5
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Pic 11: Handson Training for GLOFEWScontrolroomoperators
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5.1.6 Construction of Generator Shedat NWFWC, Thimphu

National Weatherand Flood Warning Center(NWFWC) is the national supervisoryand

commandcenterfor realtime monitoringof hydromethazardsandissueadvisory/warnings
in Bhutan.NWFWC is operational24x7 and continuedpower supplyis essentiako keep

the systemsand facilities running. A DG power backupwas installed to supply power

during power failures. A combinedgeneratorshed and kitchen was constructedto safe

guardthe DG set and to facilitate cooking for the 24x7 control room operatorsduring

emergencieandholidays.
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Pic 12: GeneratorShedConstructecat NWFWC, Thimphu

Hydrology and Water ResourcesServicesDivision, NCHM has capacityin hydrological
modelingbuilt throughNORAD PhasdV projectandJICA TCP project.Forthe FY 2016
17 the following two hydrological modelswere installed and running in Bhutan as pilot
project

a. HBV Modeling

HBV is a semidistributedconceptuamodelusedto calculateriver dischargeusingrainfall,
temperaturetopography& land Use.

=T ”\ M s o M\—»

Figure 2: Outputsof HBV Modelfor ChamkharChhu
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A HBYV licensedhydrologicalmodelwas procuredfrom the SwedishMeteorologicaland
Hydrological Institute (SMHI) throughNORAD-IV supportedproject. With the technical
back stoppingfrom the NorwegianWater ResourcegNVE), HBV model were setup on
pilot river basinin Bhutarr Mochhu, MangdechhuWangchhuand Chamkarchhibasinsin
Bhutan.The outputsof the modelwill be usedfor inflow forecastingor hydropowerplants
andflood forecasting.

b. Integrated Flood Analysis System(IFAS) Modelling

An (IFAS) is a distributed hydrological model usedto calculateriver dischargeusing
rainfall Topography& Land Use.A modelis beingtestedin Wangchhuand Chamkarchhu
basinsin BhutanIFAS modelwasusedfor calculatingriver flow for developmenbf flood
hazardmapsin theMangdechhiandChamkarchhibasin.

Interface display of IFAS

Main Structure of IFAS
. Satellite-based rainfall data
Rainfall data Ground-based rainfall data r@%
3 i

e Creation of a river channel '3
Modelin g Estimation of parameters m

-

;. Distributed model
Runoff analysis g1op model

— =

Display of results

Figure 3: IFASModelStructure Figure 4: IFASModelInterfaceDisplay
SourcesiCHARM/PWRMWebsite

Figure5: IFAS Model Setupof Chamakharchhu Figure 6: Outputsof IFAS Modelfor ChamkharChhu

5.3.1 Publication of SOPand Operation Manuals for GLOF EWS

StandardOperatingProcedurgSOP)and OperationManualsfor GLOFREWS Mangdechhu
and Chamkharchhwere developedointly by HWRSD and JICA Expertsin consultation
with relevantstakeholdersEollowing manualswere publishedunderMHPA Co-financing
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and distributed to all the control rooms, Departmentof Disaster Management,
Local Governmenbf TrongsaandBumthang, MHPA andrelevantagencies.

a. Standard Operation Procedure (SOP) for GLOF/Rainstorm Flood Early
Warning Systemin theMangdechhwandChamkarchhuBasins

b. Operationand MaintenanceManual for the GLOF and RainstormFlood Early
WarningSystemin theMangdechhuBasin;

c. Operationand MaintenanceManual for the GLOF and RainstormFlood Early
WarningSystemfor ChamkharchhiBasin;

d. Operationand MaintenanceManual for the GLOF and RainstormFlood Early
Warning Systemin the Mangdechhuand ChamkarchhuBasins The Flood
MonitoringandCommand RooniFMCR) of NWFWC, Thimphu.

) OPERATION PROCEDURE (SOP)
FOR
)OD EARLY WARNING SYSTEM IN
AND CHAMKHARCHHU BASINS

OPERATION AND MAINTENANCE M

ANUAL
FOR
RAINSTORM FLOOD EARLY
VSTEM (FEWS)
HHUBASIN FEWS

OPERATION AND MAINTENANCE MANUAL
FOR
NSTORM FLOOD EARLY
VSTEM (FEWS)
RCHHU BASIN FEWS

(%F)

o

OPERATION AND MAINTENANCE MANUAL

FOR

RAINSTORM FLOOD EARLY
WS) IN MANGDECHHU AND
RCHHU BASINS
NG AND COMMAND ROOM

We

|||||

Pic 13. SOPandO&M Manualsfor GLOF—EWSPuinshe

5.3.2 Hydrological Data Book

For disseminationas well as for archival of hydrological and sedimentdata in
hardcopy, HWRSD publishedhydrological databook every year. Hydrological Data
Book 2016 was publishedwith financial supportfrom MHPA Co-financing Project.
This publication contains one year of hydrological time series data of the
hydrological stationsacrossthe country.

SURFACE HYDROLOGICAL |
DATA BOOK
OF
BHUTAN

SURFACE HYDROLOGICAL &
DATA BOOK E
OF
BHUTAN

(2009-2015) (1 January 2016 fo 31 December 2016) —

Department of Hydro-met Services
Ministry of Economic Affairs

Figure 1: Three Surface Hydrological Data Book Publications including 2017
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5.3.3 Disseminationof Hydrological and SedimentData

Besidethe flood and GLOF earlywarningproductsandservicesthe Hydrology and Water
ResourceservicesDivision (HWRSD) alsoprovidesraw and processedhydrologicaltime
seriesdatato line agenciesprivateindividuals,academiagesearcherandstudentsasedon
therequestThe mainuserof hydrologicaldata inBhutanis hydropowersectorfor planning
anddevelopmenbf hydropowerprojects(Departmentof Hydropowerand Power Systems
andDruk GreenPowerCorporation(DGPC)andHydropowerProject Authorities.

| Hydrological Data Users |
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1 . Others
0 - - | -

Users

5.4.1 GasaDzongkhag

Based on the requestof Dasho Dzongda, Gasa Dzongkhag Administration, the then
Hydrology Division, DHMS deputeda technicalteamto installedWater Level Gaugeon
Mochhuat Gasal sachuandBaychuon Zamayzanfrom 4 August,2016.

Hydrology Division, DHMS teamwith supportfrom the GasaDzongkhagAdministration

has successfullyinstalled the Manual Gaugeat the abovesites. River level observations
will be done by GasaDzongkhaglocal staff and datawill be sharedwith the relevant

agenciesluringthedieterssuchasflood.

DashoDzongda,Gasaappreciatedhe Departmentof Hydro-met Services MoEA for the
deliveryof prompttechnicalbackstoppingservicesor settingup of the waterlevel gauges
attheabove sites

25



Pic 15: WaterLevelGuagelnstalledfor GasaDzongkhag.

5.4.2 E-Flow Studies

Minimum Environmentalflow for hydropowerprojectis beingimplementedoy National
EnvironmentCommissionunderADC funding. NHCM is one of collaborationpartnerfor
the implementatiorof the project. HWRSD officials providedtechnicalbackstoppindield
surveyandflow modelling

Pic 16: Data Collectionfor E-flow for Mochhu
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5.4.3 Hydro-met StakeholderWorkshop

ThroughNAPA-II project, NHCM conductedwvorkshopon understandingdydro Met and
CryosphereData and Servicesto the stakeholdersat Paroin March/April 2017. HWRSD
deputedechnicalstaff asresourcepersondor the workshopto deliverlecturepresentation
on i Op e r aHydralogyaHydrological modelling, flood forecastingand GLOF early
warning s e r v i Moee sthtan 70 participants from relevant stakeholdersattend the
workshopincludingthe UNPD officials.
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NATIONAL CENTER FOR HYDROLOGY & METEOROLOGY (NCHN)
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Participantgor 2" Workshop,Paro
Pic 17: WorkshopUnderstandinglydroMetand CryospheréData and Services
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5.4.4 Hydrology and Meteorology Induction Course

A week long induction courseson i Hy d r ahddM@ Y e o r wdseanductednew
officer and hydromettechnicianswvere conductedrom 18-27 May 2017 at Punakhaunder
the NAPA-II projectfunding. The main objective of workshopto impart basic courseon
operationalhydrology and meteorologyto performtheir dutiesin their respectivestation.
The participantswere also briefed on duties and overall mandatesof NCHM. HWRSD
deputedtechnicalstaff as resourcepersonsfor the induction courseto deliver lectureon
i Op er aMydrolayyg Hydrological modelling, flood forecastingand GLOF early

warnings er vi ces 0.

Participantsisited NWFWC, Thimphu

Participant®erformingFlow Measuremendf River

Pic 18: InductionCoursefor newRecruits
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