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Introduction

* There are more than 260 transboundary rivers in the world
* Traversing around 145 countries
* These rivers are cause of conflict

» Arab and Israel

»India and Pakistan

»India and China

» America and Mexico

» Nile, Mekong, and Amu Daria

* Management of rivers is important not for economy but also for
peace



Hydro-economic models (HEMs)

* HEMs are used to optimize benefits from river basin

* HEMs are also used to analyze water scarcity, drought, and water
management problems.

* More than 300 HEMs have been developed worldwide

* Only 25 articles focused on transboundary river water disputes

UniSA



HEMs related to transboundary issues

* There are many HEMs for the
Nile River that evaluate the river
basin’s water sharing disputes.

* There are few studies on the
Murray-Darling River basin that
relate to water sharing.

* HEMs are also relatively well
developed on rivers between
the USA and Mexico

Spain

USA-Mexico

The Murray-Darling
The Euphratis River
The Ganges

The Brahmaputra River

River or Region

The Zambezi river
The Syr Darya
The Amu daria
The Mekong
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HEMS on MDB
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Dispute Resolution Proposal

Number of papers corresponding to water dispute
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Teesta Hydro-Economic Model
Model Objective

* To assess water available for agriculture, hydropower, navigation,
domestic and e-flow

* Economic value of water for these use

* Assess the potential loss and gain for India and Bangladesh if water is
shared

UniSA



GBM River System

* India, Nepal, Bhutan and
Bangladesh share the Ganges—
Brahmaputra—Meghna (GBM)
system

* 93% of the GBM basin is located
outside Bangladesh (o011

* But 92% water pass through
Bangladesh

* Being a downstream country,
Bangladesh has no control over
rivers
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The Teesta Water Dispute

* Drought and flood consecutively

* Fishermen, boatmen migrated to other
areas/professions

* 21 millions people affected (simz01)

 Affecting agriculture, fisheries,
navigation and environment

Drought




" The model was coded
in General General
Algebraic Modeling
System (GAMS) which
is a non-linear,
optimization model.
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SEt (Flows, Time, Crop, Locations) Pa ram Ete r (known values)

a8 gamside: Ci\Usersihosmy(25\ Documents\gamsdiriprojdin,gmsprej.gpr - [D:\Sensitivity Cases\Case 1 Teesta HEM base 200

&= gamside: C:\Users\hosmy025\Documents\gamsdir\projdir\gmsproj.gpr - [D:\Sensitivity Cases\Case 1 Teesta HEM base 200!
E= File Edit Search Windows Utilities Model Libraries Help

&= File Edit Search Windows Utilities ModelLibraries Help

2| 8% ¥ | - w8 RS A wasl

Case 1 Teesta HEM base 200809 on 02.05.2020.1st || Case 1 Teesta HEM base 200809 on 02.05 2020 gms

Case 1 Teesta HEM base 2008-09 on 02.05.2020.1st ” Case 1 Teesta HEM base 2008-09 on 02.05.2020.gms

S
Table inflow(t,l) flow of the river by time and location
A A A A A A A dAAAAA Id‘-:,-:‘:--.—l;:: ;“Cﬂfl A A A A A A A AAAdAAAAAAA AR AR A AR A A A A A A AR A AR A A A A A A $°:=11=:1M
Sondelim
SETS finclude D:\Hydro-economic models\Teesta HEMs by GAMS\THEM\Inflowcum2(Q08-09.csv
i Flows location of important nodes in Teesta Basin--Gajaldoba to Brahmaputra Folffdelim
AAAAAAAAAAAAAAAAAAAA A A A A A AR A A A A A A A A A AL A AR A A A A A A A A A A AR A A A A A A A A A AL A A A A A A A A A A AR A A -’.chllst:.nq:
Table gwflow(t,l) flow of the river by time and location
/ fofflisting
Flow_Gajaldoba Flow at Gajaldoba inflow (i) z"“d':l‘;m I Lenr EMe by CAME\THEM\CHEL os0e
Flowu-Dalia Flow at Dalia ::nc u ! t\Hy :.ED-!GCII-IIDEJ:EJ-IH.E{I-. e s\Teasta Vi A} A1 owWcum2 =0%.cav
Fl K T a Flo' at Kaﬂ.nia silRSlpds S \Chhln\gams\GRLLoVoum. o2V
ow_Raunia Soffdelim
i Fonlisting:
TST_idi  Diversion at Testa Barrage Project India divert (i) I R
FST_idb Dlv?rslon at Teesta Barrage Irrigation Project Bangladesh Farameter eflow(t,l) minimum environmental flow that should be maintained
TST ef Environmental flow at outlet - # .
'I‘S'I‘_rrds Municipal diversion for shiliguri town sriemit, L) Je2t linfiewi(s, i) % guElew(s. i) ;
, . Parameter rev f(t,l) 10 days fisheries benefit (U5%)for each cumec flow;
‘For &0km length, Fisheries benefit =TK 72,616 per month per cumec flow=T72EL16/ (5
L ‘If flow 15 less than 50 cumec, benefit akh 2014)
muse municipal use vev £(r,1l}= 351.005:
;STS_u Shiliguri town use Par;letat rev nit,l) 10 days navigation benefict (U55)for each cumec flow;
iFor &0km 1 h, Wavig i TF sk} 7150/ (344
) iff flow 15 less than is 2014)
© time rev nit,l)= 34.56;
/ Parameter Dem m(i) 1l0days Water demand of Shiliguri citcy in m3
‘Population in 2011 5,133,264, Total Fater reguired fo 10 days (13545,13,264410)
2008Nov0l /T5T mds €L2006.4 /
2008Nov02 Parameter T Dem m({i,t) Total Water demand acccounting growing Shiliguri city pof
- - -
2008Nov03 T Dem m(i,t) § (ord(c) le 12) = Dem m(i):
. - - -
2008DecO1 T Dem m(i,t) § (ord(t) gt 12) = Dem m{i} * (L + .03);:
. - AL M
2008Dec02 display T_dem m:



Parameter Variables (unknown values)

—— ) gamside: C:\Users\hosmy023\Documents\gamsdir\projdir\gmsproj.gpr - [D:\Sensitivity Cases\Case 1 Teesta HEM base 2008-09 on 02.05.2020.gms]

parameter slope_ela E& File Edit Search Windows Utilities Model Libraries Help
slope_elasticicy(’ =ds') /T Dem =('
display slope_elastici Bl $¢§| % % GAMS v {a}l @ | |
Case 1 Teesta HEM base 2008-09 on 02.05.2020.Ist || Case 1 Teesta HEM base 2008-09 on 02.05.2020.gms
Parameter I
Interc mdst) 451:;2__@155:'.:;:',’( "TST mis’,T) 'T__Derr.__m( 'TST _=ds',T)
Display ept_ PARAMETER
Table Wd_cr(i,3,%) T (=3 for 10 days pericda| | [eesssssssdddasdidfdadiiifdadisadddiadadiaddddsaadddiaadddddaaddaaadddd s s a4y
De De D Total cultivable land
- = - 66000
? 2.7 7 514
T 25 4 @ 1 108 26 Variables
13 ba 24 Z Total benefit
[TWD_cx(i,3,t) otal water demand in m3 for =ach crop
< ' REV_ag{.L,j, t) Revenue from each crop

1:1 Insert "
Hectre_country(i,t)

Positive wariables

HECTRES_v(i,3j,t) agricultural land
Cucflow(t,l) Cutflow from the node
T_GWflow Vol(l)

[GWE_cr(i,J,t) total Ground Water pumped in m3 for each crop

RWD cr(i,j,tc) total water demand met by river water in m3 from Teesta for each crop
[T_GWP (1) Total area irrigated by ground water

IT_RWD(1) Total area irrigated by surface or river water

T_WD({i)
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Equations

« [D\Sensutssty Caves\Case 1 Teesta HEM base 200809 on (02.05.2020.g0m) - o

o8 Gamude C

2|8 | > | % o 3 | 8| sl

Cave 1 Toests HEM bave 200809 on 02.05.2000 kit || Case 1 Tescts HEM base 200809 on 02.05. 2020 g

T_Ben_fish(l).. T_BEN_¢(1)=e~sum((t},Ben_£(T,1)}!
G_T_BSea_tish.. G_T_BEN_f=e=sum((1),T_BEN_£(1)):
Toral Vol Outflew(l).. T_Vol Outflow(l)me=10+2473600sum(z,0utflon(c,1))?

*Ben_navigation{t,l).. BEN a(t,l)=e~(~0.00i*(Cucflov(c,1})* (Oucflov(t,l))+0.477(Oucsflov(c,1))-2.24)7
Ben_navigation(t,l).. BEN n{c,l) =e-max(d,zev_n(c,l)* (Cucflow(c,l)~-24));:
T_Sen_navigation(l).. T_BEN n(l)=ewsum((%),BEN _na(%,l)):

G_T_Ben navigation.. G_T _BEN meeesum((1),T_BEN =(i));

SThesefioze the envizormental Besinfit OF diverted vater 312 aQually divided a0 o, 508 Zor India ard 508 for Bangladesh
Ben_env India(r,'Gajaldeda‘).. Ben env In(z,'Gajaldcba’)=esben eav(z, ‘Gajaldabat)* (10°24+3800) ‘Hydzo _diverz(z, 'Gajaldoba’):
T_BSen_env_India{l).. T_Ben_env_In('Gajaldobe')=e=0.5sum((t) ,Ben_en¥_In(c, ‘Gajaldcba’)):
Sen_env_Bangladesh(s,l).. Ben_env_Bda(z, "Faunia')ee=ben_env(T,1)* (10°24°3€00) *Cuttlow(s, ‘Kaznia)

T_Ben_env_3angladesh(l).. T_Ben_env_Bd('Kaunia')wee=sum((c),Ben_env Bd(z,"Kaunia‘'))’

Sen_dreaging_Ia(z,l).. Ber_dredg In(c,'Gajaldcba‘’)ee~ 2/3'Ben dredging(t)*Inflatics Factor(t)*outflow(t, ‘Gajaldcba‘)/inflow( t, 'Gajaldcba’);
T_Ben_dredging_In(l).. T_Ben_dredg_In('Gajaidoba’)=e=sum((c),Ben_dredg_In(k, "Gajsldoba'));

Sen_dredging Bd(s,l).. Ber_drzedg Bd(z,'Dalia’) =e= Ben dredging(s)*Inflation Factor(s)reutflow(s,'Dalia')/{iaficw(s, "Gajalacka’)egurilow(t, 'Dalia’));
T_Ben_dredging_Bd(l).. T_Ben dredg Bd('Dalia‘’)=e=sum((t),Ben_dredg Bd(t,'Dalia‘*)):

Sen municipal(i,t).. BEN m('TST mds’,z)me=.5¢ (Incezcept a('TST mds',t)-mw prace 10('TST mds'))*T Dem m('TST mde',c) :
T_Ben_municipal(i).. T_BEN m('T5T_mdo')=e=sum (¢, B0IN ®m('TST _madn', %)) ;

¢ 2 T Bec 2ndis.. .‘._?_E-:_ .'.'x-n-f'_!.'.‘_‘(A.':'.'-c_‘a:d:\z'a‘l-?_.‘flfl“.l;n';:;'.‘-.:.'!fl‘.‘_:t':‘;::‘_a::w-.‘_L’..‘.‘..‘.y:.—a:
o). ZeE= G T _BEN ag + T_BEN hydroeT BEN =('TST mds'):
¢ T _BEN AydroeT BEN a('TIT ade');

1)) + sum(1,T _Ben_n{t,l))+ T _Den m(t}]+ 1} Ben_ags

MOOEL Teesta
Vob), Land,GMF_crop, TWD _crop, Diverc Ga)aldoba, WB_Gajaldoba,WS_Dalia,WB FKaunis Conl,T GWPump,T RNDidert,T WDemand,Total GWFlow Vol, Pro hydropower, Turbinecount, Revenue cr, Ben agri, T Sen Agri,

G_T_BEX_agzi, Ben hydropower,T Ben hydrcpower, T_Mydro_divers,T _Wydso_divert Vol, Ben_fiah,T _Ben_fish, & _T_Ben_fiah,Total Vol Outficw, Ben_mavigation, T_Ben _navigation,G_T Ben_savigation,
Ben_env_Sangladesh,T Ben env_Bangladesh, Ben env India,T Sen env India, Ben murhcipal, Ben dredging B4,T Ben dredging Bd,Ben dredging In,T Ben dredging In,T Ben municipal,Cropmix /¢
CANTIGONE, BARON, COUENNE, LINDO or ZCIF
reptions minlp=8ARON:

FLVI Teesta using dnlp maximizing Z7

1

splay TWD cr.l,Crogmix.l, Turb.l,GWP_cz.l, RWD_cr.l,Outflow.l, REV_ag.l,FRC_Rydro.l, MECTRES v.1,T_GWP.l,T_RXD.1,T WD.1, BEN ag.l,Y_SEN ag.l,G_T_BEN ag.l, BEN hydro.),Y_BEN hydro.l,T_Mydro div.l,
T_Mydzo div_v.l, BEN £.1,T_BEN £.1, G_T_DEN 2.1,T Vol Outflow.l, T_GWflow Vol.li, T_BEN n.1,6 T _BEN n.l, BEN n.l, Ben_env Bd,1,7_Ben_env_Bd.i,Ben_env_In.l, T_Ben_env_in.l,Ben_dredg Bd.1,
T_Ben_dredy Bd.1,Ben _dredg_In.l, T _Bes dredy In.l, Z.1,8ZN m.1, T_BEN =.1;




Scenario Development

Scenario Water sharing

1(Baseline/Current) 70% for India, 30% for BD, 0% for river flow

2 (Water Sharing 40% for India, 40% for BD, 20% for river flow.
Scenario, Proposed  India will maximize hydropower
agreement)

Potential loss and gain for both BD and India was computed

UniSA



Result Hydro-Economic Model(Value in USS)
Hydropower loss is 16.25 MWh for 6 months (70.2GWh)

Values are in 2019 thousand USD

Base Scenario

Water Sharing

Gain for

(2008-09) Scenario (2008-09) ndia Gain for BD
India BD India BD
Agriculture 32,555 42,241 | 32,875 42,311 320 70
Hydropower | 5,817 - 1,761 - - 4,056 -
Domestic 688 - 688 - - -
Fisheries 97 1,630 414 1,989 317 359
Navigation 29 194 80 234 51 41
Environment - 29,968 - 34,078 - 4,110
Dredging 2,385 2,970 3,889 3,833 1,504 862
Total 41,571 |77,003| 39,707 82,445 - 1,864 5,442
Basin-wide Gain ( if water is shared ) 3,578
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Comparison of benefit for two scenario

Gain/loss in water sharing scenario

o W

Values in million USD

B Gain for India B Gain for BD
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Conclusion

* There is potential for a trade-off between hydropower use in India, and
environmental use in Bangladesh.

* There is no point of killing a river for 16.25 MW electricity
* Bd may offer India — installing solar energy power plant to minimize
hydropower loss (22.5MW).
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Teesta Barrage Bangladesh @
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