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v.unesco-ihe-fui.org/

P-BaiX H & Flood Vulnerability Index ... x

What is FVI?

Flood Vulnerability Indices
=+ Vulnerability

[+ System

= Flood Vulnerability Factors
=+ Indicators

L Spatial Scales

FVI Data

= Discussions Forum
= Browse Data

= Add Data

= poll /
questionnaire

= Login

About Research

Home

Flood Vulnerability Indices (FVI)
Vulnerability

Flood Vulnerability

Defining vulnerability can help us understand the best ways to reduce it. The
main objective to assess vulnerability is to inform decision-makers or specific
stakeholders about options for adapting to the impact of flooding hazards
(Douben, 2006b). The need for vulnerability analysis is noted in scientific
literature, and the concept includes natural vulnerability, social vulnerability and
economic vulnerability.

What is Vulnerability?
The notion to vulnerability has changed over the last 20 years.

Vulnerability is considered in the study of Flood Vulnerability Index (FVI) as the
extent of harm, which can be expected under certain conditions of exposure,
susceptibility and resilience.

Why Flood Vulnerability Index?

Human population world wide is vulnerable to natural disasters. In recent years
the impacts of floods have gained importance because of the increasing amount
of people who are exposed to its adverse effects. The aim of vulnerability
studies is to recognize correct actions that can be taken to reduce vulnerability
before the possible harm is realized. FVI is a powerful tool for policy and decision
-makers to nriaritize investments and makes the decision makina nrocess more

<

FVI Datasets

FVI Data Browse datasets:
Browse Data

My Data # Name
Add Data 513

Other users datasets

234 New oreleans Group

# Name
&
232  Tokvo
221 Tokvo
230 Tokvo
228 Tokvo Grp 4
228 tokvo
227 banu

226 New oreleans Group2
225 New Orleans

223 New Orleans group 2
222 New Orleans aroup 2
221 new orleans

220 New Orleans Gp4

218 New Oreleans Group2
218 New Oreleans Group2
217 New Orleans Group 3

218 New Orleans Group 2
215 New Oreleans Group2
214 New Qrleans Gp 4
212 New Oreleans Group2
211 New Orleans Gp 4

132 935 R4kt E 4%

B 31

New Orleans Groupl

I 33 B At e s

Scales > Costal Cities

Own datasets of type Costal Cities

Description Type FVIs FVIe FVTe FVIph FVIuc
City in the US coastal 0.109 0.344 1.861
Description Type FVIs FVIee FVIen FVIen FVIne
data set

city in japan

City in Japan

City in Japan (Femi)

Japan

city in japan

coastl

Dataset from Mew Oreleans coastal 0.011 0.344 1.861
Usa coastal 0.109 0.244 1.961
New orleans coastal o 0 0.354
new orleans fvi

City in the US coastal 0 0 a
City in USA

data for new oreleans

Data for New Oreleans

New Orleans is located in southeastern coastal 0.109 0.344 1.101
Louisiana, straddling the Mississippi River.

New Orleads fui

Data of New Oeleans

City in the USA

Cilmate Change and IWRM

River discharge

41

FVTpa
1.325

FVIea

1.225
1.325

0.792

1.325

3.738

FVI

3.64
3.738
0.354

0.792

2.879
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I weap: Weaping River Basin
Ares Edt View Favorites Help

Tabls | Map |

Groundwater Storage ~ | hilion

Al dquifers | [Allmonths « | T~ Manthly &

Area Edit Wiew Help
Overview |Default ~ | Manage Overviews = Scenario |Reference | [T Annual Total?
Table ]

Groundwater Storage Inflowsto Area
Scenaric: Reference, Allmanths Scenario: Reference, Allmonths

1,000

Millian Cubic Meter

Millian Cubic Meter
@
=)
g

o T T T T T T T 1)

Jan Apr Sep Jan Jun Mow  Apr Sep Jan May Oct Mar Aug Jan Jun Mow
18951499 2000 2002 2003 2004 2005 2007 18951989 2000 2002 2003 2005 2006 2007
Supply Fiequirement fincluding loss, reuse and DER) Unmet Clemand
a cenario: Reference, All manths Scenario: Feference, Allmonths
Jan May Mov May ©Oct Apr Sep Mar 5 400 o T
19881895 2000 2002 2003 2005 2008 2008 T J r* r‘ ﬁ ﬁ ﬂ T I
=l | L b S o
Al Vears ~ S ,.- ,.- f. H ! |.|'I' f'l.l"l.l"l.f"ﬁg
froa: Weaping Fiiver Basin  Riesults Wiew  Liconsed to Stockholm Enviond 5 400 I g =0
= =
[1} o T T T T u T T
Jan Bpr Bug Dec Apr Aug Des Apr Aug Jan Apr Aug Dec Apr Aug Dec Apr Aug

19851998 2000 2001 2003 2004 2005 2007 2008 199615999 2000 2001 2003 2004 2005 2007 2008

Area Weaping River Basin - Overviews Wiew  Licensed to: Stockhalm Erwironment [nstitute

35 §olfReE e

L wEa Weaping River Basin
Area  Edit View Favorites  Help
Chart ] Table Map |

Supply Requirement, Transmission Link Flow, Beturn Link Flow  iMilion [Cubic Meter -+ |3

|Year: 2002 j |M0nth: tarch ﬂ |Scenari0: Reference j [ Annual Total? [ Maonthly
WWest ”~
Fesults to Ma . =l o#
F \\ Aguifer Central -

v| Feturn Link Flaov C i Reservoir Size

v| Supply Requirement ) - l"_‘é
w| Tranzmizzion Link Flow

Groundwater Storage H

Streamflow
Unrnet Demand

+ Add.. | =
v River [3) ~
v~ Diversion R
hrz?f"";} -
- .
4 .
! D Sauth City 3
A Tt b
| b < >
_j‘ i () 998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2003

i (3 f) Q

Area: Weaping Fiver Bazsin - Resultz View | Licensed to: Stockhalm Environment [nstitute

B136 bl Hoh S * AT

45



111 AR S 2413 MG S RER R R

jrd
e

ARz PR ABEY BN EFFRIIR VR
W F AN A R ﬂ’sﬂaﬁﬁﬁw Sl 2
W B RATH O 2 e FEF FREBAY S ZI T H
- R R TR S AN (e R
#1 & (institutions) % 45 ﬁig AR * ARG R L E
%&ﬁﬁéiﬁﬁ’{ﬁﬁﬁfg%%ﬁ PRAEZ R
W%o%%iﬁﬁi“%&‘QW%f RS AT
TR L £
AR 2 2E d gL Sdo Tomé and Principe - & (B8] 37) &
Bl o 3F ﬂ“’*fsﬁ% FEAF2Z M o2 222 E 2 2K
Fo AR m oA 1001 T2 22 5§ F A %166,000 4 o AE
1M03$%$§§7ﬁ%’%éH@%W%&%%%ﬁéé
R ‘“”V‘ﬁ?‘f‘ﬁfﬁi T%ﬁﬁ’r "B g E 2 1975 & B 4y
3 ?

N

50 B
d
2 A5 %F‘T(GDP)TZ:\ 1700 % ~ > 54%* v F = p oy 2 1

46



L liha das Cabras

Ocean i;,‘”“
sio Tomé fnﬂ"‘” & 4@
o ©Sh0 Tomd
Monte Trinidade O—— e 10 km
c"e..m":ﬂ Do & miles
. o raia doc Tlha da
o Pico Sie ¥’
santa  Tomé Pombas * Santana —
%‘w Bom Bom- el
sho TOME * Boca de Inferno Sundi
" Santo Anténio o
s OestéS8 0 Praia de
- z Josgum " Frora
i PRINCIPE
Monte  SdoTomé oat
Marioe /i mHquue
Grande
@ Porto Alegre

lhvéu das Rolas EQUATOR

B 37 S&o Tomé and Principe |- § = ¥ B
B irA T EES B ERLER A ITE K A
EaRRMEENFLE B EPE R T ER R
PRt e atg PARE, LaHEFEER LY 4
gk d o Fin AHZREHEES AL GMAF L o
Rk SRS R BRI TR A o 2B
(Global Environmental Facility)i% &+ % 42{7(World Bank)#*
2% UNESCO-IHE ﬂ}r Deltares 34 i/ 5 > 3%/ 7 P 5 Fid:
i ORE A~ {8 0 SAo Tomean ip A AL Tl iE B
?m*é@ﬁ KA 4 B AF L o
SWFCPREARG 2R RAZ T RENSY LM
ﬁ%%f”ﬁ’& AR SRAL M b mkvﬁgod»@Q
FRERAFusFF 1 328 PRRDRF] > 7§ iF %R
FPEF g A AL AR R RE R F] e FP s AT

R Zm o AT FN LT ?ATFER L E-
AE 5 o

-



L%&ﬁ’iT%%ﬂu

T
EEHEEEREE § R

ﬂ’&%;%ﬂ%@%ﬂé, AR AL R R
PR R g S FARE B R o Ak

BRAFZRGRE o AFHZAIR T G R SR AR Bt
PEIFEEAREZ -7 PV HERF EREBPETE A
dFE o

Sz AATBA LHA A LM 2T EA LS
(equity & empowerment argument) £ »x & & 4 (efficiency
argument) o = iﬂ” %5 f&g’g_y}ig z%‘gj—f‘\éﬁi L~ g u/ﬁ; z
B3 B2 BE o Hd ALgiF oy B R
WA~ SR LR R R ”Lr#m%v T
Fiden™ F %> 1 &d § 0 RRITFER R F 2 &
BaLT ~ RS T Y 342 s Kl ;F\q Tl s o

w3 fUF B 0% (stakeholder)®e 7 X & HF T > F G B

1_3

X\

‘-\\
ETINS

S0

<

20

BAMBEE P R WA AR Hr R
FRES ARBPE ST HELIMAY T2 7
BB ERAA AR F AT MG A ST AL TIT MG
i ~

FeofIFMBFT » 5= 28 » 55143 M GH
(primary stakeholder) ~ == & 11 % B i’ - (secondary stakeholder)
E - AL f?»\(general public) ¥ - 3 & 1% B © 5 Fidp Flx B 2

SAFRIRAPRLf 6 PPE LT HG
&

f
)

48



AR - = I
ZF R R

2-1 Maeslantkering ZL3 %3*

Maeslantkering -k #:& 4~ (barrier) 5 — J& g ¥ /8 ;22 4
1 BR o A X [ B RS T 5 Nieuwe Waterweg #ug F
(B138)o* 1953 £ 2 xR > R EXATERKBITRTG
PR AR i R kPR AR EAR - Rk
Fop 1991 E 4oz o S E R AR
1997 # ¥t > R AR5 FFH o 2P KA
2 F B A4k 4 (B 39) « skt R F 10 & 1
TEFMBPRP RIRIEREP TN wig 2007 & > AE
ié3??%ﬁi%%ﬁ%%%$m o hTHpHE S G

o
FEELEAFHLT )L D0 X100 WieF LM
BE P iR

®] 38 Maeslantkering 4k #i¢ 47 = ¥

49



B 39 Maeslantkering $-k 11 4 A fads w0

\\

Pk s A L F 3 - R AL R
£ - e A AT 360 & T 2 Nieuwe Waterweg iy
BORLA BliE A IE R pbuE RINE 2 A ARGl g A 2
B22 0% B ~210 0% R 2 B o ’T‘ BER237 2L

2 ERAEE B RAMP Y > ok B2 L Aok V3R
BEF o LR EFLEFE R L iE2 28 £(F40) - 0 B
v kB E s BRMP A REERMPRF o &/
PR Es B P EARY > RS 2 P13 mF BV LA
KR s R R RE S o fde o g R R 2 (T
ol A BER IR ARIRZ_ TR B R & o

50



® 40 Maeslantkering -k #i¢ + & 17 7%

P 1 i’t%%ﬁﬁ%%di@%%ﬁfwii& TR B
T ook AR o - X F P 2D BT AS B
3 % (B 41) > § RAEFLIRRITIARE ST 308 F 2
%ﬁﬁ %%NE%’&%ﬁﬁ%%%éﬁwﬁoawﬁﬁ
BERAw 4 @ e Fa il kit Al 26
| pER-R O BuE P Ap B2 70 BAe 30 A 4B g KT E
Wsmﬂﬁﬁ%&%k’%%“ﬁ%mﬁgﬁkﬁé%%ﬁ
3 Buf (B 42) 0§ @ B Abug £ 8 cnflf PEEE Y 15 & = pF o
KB AR I AP ZEORIPP R BERM T T T Srap 20 & R B
MrEe LM RPRE b 25kl s 2 g2
riA o Y TR P ERERERUFELE A L RF
Ae oSG P ERET MUGE AP o KPS 0 B R LR A
%ﬁﬂﬁ%%ﬁﬁﬁﬁ°&§%%%iﬁﬁ’% % i R Y
EITAR AT EE 4] o

=
K

|~

51



/) FX1A2 T ¥ U RE P S k2 B KfF
FooeHFFRERA R H R ARAS- TR
i <

B 42 Maeslantkering #%-k & 4= B B 15

52



2-2 Dordrecht # %-3*

W RRE 4 2 1953 # et A -k B (North Sea flood) » #
Ed kaorgd o &1 3L piERE 27 1% E 4
NWFPCE AT ELESED  CAFWH I
Fl2 ki E 4 BRFe XA BRI RPE HIRE
a‘é-r'% AT s T

jﬂ‘-%? B

@56?€HJ’#¢&ﬂxﬁ&ﬁﬁ#
k() 43) o FMix 2w KA T G P g
ﬁ#ﬁp—- LRI RERPI G 1,836 4~ o 7

LL #

o R AERRE RS- B2 &L | g (Delta
Commission) 3 = oA
Ctt:r)-. °

Dordrecht

™ Fa"";‘a"é
FRWE o ¥d T ﬁfﬁ;a;ﬂa&i £ o ;“;;b:}'?v B 4 feh AR
600 & 2 1100 R4z 300 & 2 g = 5 > F=s 3 p

WA LG A2 R 2T oA Dordrecht # 4

T
SN
=
al
o

53



A K IR B AT X) 6,944 2 2 K E B 483 % o Dordrecht
W Ry &2 S i a &P " (Rhine ? 2 Meuse 7 )k 8
Wz b % (B 44) 0 2 Rd £ 37 222 0 REBEAKY

(dike-ring) (B8] 45) =7 %3 -

o - . . — P e
i Wateringen - . S ~ 3 Idsselstein 3 Ty L s
. W o A BHMI}" ﬁzig,'m“i\ ( = v 40 i v
G i Sk | Deit Berkel & § i
N_ae_!m,u } \ Radenris S Moodrecht N A 5
G & s . (I § S ik

Bupwer\hoex ietwerkerk
{-an Jssel ~Dursisem o

; % g ,’i@mf}.u TM/&\H\;\
ot i

N

N

Letu rkerk
NIe«m-L kkertand

Sk \ skl
Aal I;lru Mnm!l'x oden %"\.
Meuse 7~ fer—ame. —3 -

‘;;_ﬁmllml
e &i
----- il J,&Henngenbusch
AP *b—WauMhs“'*m inen m%u; Fihs e )
Sprang-Capele i i | & J .
Kaatstieuvel D_ho Waaskarts
e Loonse en
* Drunenss Duinen - Vught Sint-Michieisgestel

W Lesnop
P 1

fag o , i il 1L
® 44 Dordrecht # ~ Rhine ;= % Muese 7 E B

— DIJKTYPERINGEN

: ﬂ —
|

i

by
pORDRRCHT __oome” d
i oy o Wl parkdik ——AD—D__
;

il V‘%‘

rivierdijic — e

brede dijk O

?]i?q“gvks‘éi Dordrecht # # fe % H % B B 5 % S /&%
’4%%#¢1%¢0&ﬁﬁaﬁfi%r 2R R
FEBFERRRE BRF RS RAT L BREET

54



e F L 2B ¥ 5T 16 AF# 48 E (landing stage) & jE >t
¥ kol B TOHIT ﬁjﬂé?;g:@;/ N IriP N~ BN I )5
¥ R & v stages rt ? R FH F r KiE ﬁg‘]r‘?‘ﬂ_—v i e

o pt 3k v 7 §_Dordrecht & sk E K b e 2 3 2L(1B) 46 3 )
A7), 2 $ b fBep2 B2 r o7 AX F v T kd B S
T2 FRFIER % oo = 1916 £k ‘{ RIS 9 i &7 L
E 4% (plank) il = z_ 17 ;£ 4% (flood barriers) & F1j& o o *t & ;2 1
DI 23 Rk L S IR R B
12 o ipudt B S Ak & P (steel portal)#r B~ % > B4R 1 E AL
kA P (flood gate) - iT# %k o PFE AR RATE NS 2
#rw«@‘.h’“éf LR Kfiifé“f"ﬂf"i ¢ £ ki (R
A8)o g FE R kML A KY€ IRF ,Kﬁz 2ok E @A B¢ (water
board){- Dordrecht @ 43 3] { 45 2_ > j# - Dordrecht # p = {7
PRk Bk EESFAWTT UL LR 49
Dordrecht # vk TR 2> 6 &~ 2 = K (B 50)> 5 - & & 5
W S B 5 AT FRY %2 5 pit 2 A
(LP I~ INY

z_\

Bl 46 | B3f-kF A 2IBR (> 5 RMAEP " )

55



56



Understanding flood risks in Dordrecht

NAP
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+1.30M  Average high tide in 1961
1Ml 1090M  Average high tide
i T
water level City inside the dikes
(between -0.8 and 0 M)
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Climate Change m Yyater Resources

of Taiwan and Indonesia

Dec May
D uawkHE 4

Warer Resources Acency

Outline
@ Observation ofcm
O Concluding remar_

DuaykHE 1)

I _J Typhoon Events v.s. Reservoir Sedimentation

I~ Typhoon Moraket (Aug. 8-10, 2006
| W Total minfull: 17105 mm

B Total inflow: 1.2 billion m® = reservoir storage (600 mlhion)
B Peuk inflow rate: 11,729 m%'s > Maximum outflow: 8600 m%s —
B Landslide area: 1500 ha (before: 250 ha)
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e sediment & wood

Intake facility (near dam)— ‘a¢
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i Mitigation & Adaption— Agriculture in Indonesia

Mitigation :
e.9.: Systern Rice of Intensification (SRI) : a technique that is able to increase rice
jproductivity in a way change crop management, soil, water and nutrients.

Adaption:
ag. Water such as: public water & soli
consarvation, coordination, additional/construction of artificial lakes, change operating
rule of resarvoirs, maintaining the existing major dams and reservair, integrated

f ion system spatial etc.

D uank#E )

Reservoir; facility
chabilitation
Improvement

New Tunnel 1o
remove Sediment
(underwater)

Length: 2km

Taiwan and Indonesia are suffering from climate change
threats to water resources, and work hard to find and
study adaption strategies.

Experience from the past could not always be useful and
need to make a difference to adapt future challenge.
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Climate Change in Water Resources of Taiwan and Indonesia
PeiYun Lee, YuSheng Chen, Maria Ulfa
Taiwan Indonesia
Introduction

Taiwan locates near the southeastern coast of China, across the Taiwan Strait, and has
an area of about 36,000 km? It is characterized by the one-third plain and the eastern
two-thirds mountains and hills. Most water resources are from precipitation brought by
typhoons and stored by dams. With steep terrain and excessive rainfall, the most severe
disaster in Taiwan is flood caused by typhoons and storms in summer season with
concentrated intensive rainfall and rapid flows. The average precipitation is 2500 mm/year.
By contrast to rivers around the world, the rivers in Taiwan have the steepest slope, the largest
discharge per unit drainage area, as well as the shortest flood peaking time. For example, it
often reaches its peak flow within 10~30 hours.

Indonesia is located between the continent of Asia and Australia, and passes the
Equator, consists of islands. The islands stretched from west to east, with many strait and bays.
This geographic condition makes both countries prone to the climate change. Indonesian's
climate is affected by three regional that influence Indonesian's climate, they are: a. Monsoon
Circulation between Asia and Australia, b. Inter Tropical convergence zone, and c¢. Regional
sea temperature. So, there can be different weather in each part of Indonesia. The west side
of Indonesia tends to be having more rainfall than the east side. The west side has the average
of 2000-4000 mm/year and the east side can be 500-1000 mm/year.

Observation of climate change

The average temperature increases at least 1°C in Taiwan from 1890 to 2009. The
tendency of temperature goes up with time.  According to rainfall data from 1949 to
2010, the annual precipitation increases 400 mm, but the period between two peak
rainfalls become short. For annual precipitation distribution change, it is observed
that more heavy rain falls in the flood period and less rainfall falls in the dry period in
Taiwan after 1999,

The climate in Indonesia has become warmer during the 20th century. The
annual average temperature has increased about 0.3 °C since 1900. The temperature in
1990's is the warmest in this century and the year 1998 is the warmest year, almost 1
°C above the average in the year 1961-1990. There is also increasing trend of
average annual rainfall (490-1,400 mm/yr) in the west of Indonesia, and in the
contrary in the east, decreasing trend of average annual rainfall (860 mm/yr) and
decreasing midday temperature (0.2-0.4 °C) and night temperature (0.2-0.7 °C). The
climate change also affects on the season's transformation where the wet season
becomes shorter and the dry season becomes longer, and causes the extreme event on
the rainfall.

Risks of climate change in water resources
In both countries, the storage volume of dams becomes gradually limited due to great
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amount of sediment coming from basins after heavy rainfall. Dams might collapse due to
inflow is over its releasing capacity after high intensive rainfall. In downstream rivers, the
flood possibility might increase after urgent releasing water by dams. Also, limited storage
volume of reservoirs cannot store enough water for annual use.

In Indonesia, the increasing of drought event caused by the climate change, will impact
in many cases, especially in agriculture, because agriculture consume approximately 81.4% of
used water that is 127.6 billion m*yr. It will decrease cropping intensity and declining
productivity in particular rice cultivation. Finally it will threaten the national food
production, and Indonesian economic condition. Thus, some adaptation work has to be
done.

Adaptation and mitigation in Indonesia

Things that have done in Indonesia to mitigate climate change in agriculture's sector are:
irrigation timing and efficiency, drainage re-use, use of wastewater effluent, high value/low
water use crops, drip, micro-spray, low energy, precision application irrigation system,
salt-tolerant crops that can use drain water, and System Rice of Intensification (SRI) But in
the long term, to be adapted to the climate change Indonesia must integrate the agriculture
sector with the water and human sector, so there can be an Integrated Water Resources
Management, such as: public awareness, water conservation, coordination demand/supply,
additional/construction of reservoirs/storage, use conjunctive surface/groundwater supply,
change operating rule of reservoirs, controlling the seasonal discharge fluctuation by
constructing and or maintaining the existing major dams and reservoir, rehabilitations of
existing irrigation system and water supply distribution systems, rehabilitation of function of
upper watershed by vegetative and hydrology restoration.

Plans for renovation of the biggest two reservoirs in Taiwan

We are performing two great plans in two big reservoirs, including the first plan (Shimen
Reservoir) implementing from 2006 to 2011 with budget US$ 1 billion and the second plan
(Tsengwen Reservoir) implementing from 2009 to 2014 with Budget US$ 2 billion. It is
hoped to maintain the reservoir’s capacity to store water and prevent flood to downstream
rivers.

(1) Basin preservation, improvement, management, monitoring

(2) Reservoir facility rehabilitation improvement, driftwood removal, flood prevention,
siltation prevention, sediment survey & planning for long-term strategy, etc.

(3) Enhancement of transfer & back-up systems, such as rehabilitation of purification plant,
expansion & replacement of downstream pipeline, groundwater use.

(4) Development of new water resources, such as reuse of wastewater after treatment,
rehabilitation of deep wells, and building a manmade lake.

Concluding Remarks

Taiwan and Indonesia are suffering from climate change threats to water resources, and work
hard to find and study adaption strategies. Experience from the past could not always be
useful and need to make a difference to adapt future challenge.
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Options under Arh and Az High-De

" Problem: Rising Temperatures, More Water

Stress Due to Climate Change 2001-2100

Aib Scenario

* Temperature 1 5.04% (from

15.28% to 20.32%)

Az Scenario

* Temperature } 4.56% (from

15.48% to 20.03%)

g brganizatfon and Approach

Unmet water demand can
be reduced by changes in
agriculture policy,
investment in water
infrastructure, and other
policy changes

» 2 groups: A1b and Az Scenarios

* Groups combined to agree on single set of policy
recommendations for both scenarios

= In absence of data on current GNP, we assume that

* Precipitation } o.n mm
{from 12g.30mm to 120.10mm)
* Evapotranspiration } 16.44

* Precipitation } 7.2 mm (from
123.62mm to nbh.42mm)
¢ Evapotranspiration | w.og4

the economy is rapidly developing and will allow
investment in a moderate number of infrastructure

mm (from 65.45mm to
81.8gmm)

mm (from 67.7mm to
78.74mm)

projects. Our plan thus focuses only on High
Development scenarios.
* We considered demands from various sectors

including Agriculture, Urban Demand, Energy,
Transportation, and Ecosystem.

5 -l_.mmet water demand is primarily in agriculture sector

Aib Scenario

Az Scenario
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Key Positions
* Maintain navigability of River Bach as negotiating
point with Sultanate.
* Maintain EFR of 30% to preserve healthy
ecosystem/bufter zones.
* Prioritization: 1. Human consumption (urban

demand), 2. agriculture, 3. energy, 4. industry, 5.
transport

Agricultural Demand

¢ Climateland’s major crop, rice, is sensitive to drought.

= Agriculture is the single largest factor in unmet water
demand in 2001-2100 period.

* To reduce unmet demand, we recommend the following:

* Build 1 reservoir (1,200 million cubic meter capacity) to increase
water supply for Midland Agrculture

* Seenario it Intensified rice production: lower total area under
cultivation, but with higher yields and lower water demand (3,200
m3/ha)

* Scenario 2;: Crop diversification: 10 different crops with different
water demands (4,000-6,500 m3/ha), introducing crops in coastal
area with higher salinity tolerance




-Unmet Water Demand, Agriculture Sector
Rice-Intensive Scenarios
Aib

Wastewater Treatment

* Qur budget assumption is that we cannot ensure
100% wastewater treatment. Thus we recommend the
following:

+ Build 1 treatment plant in midland region for Twin
River City (to avoid down-river contamination), with
95% reuse and 5% loss

+ Regulate industries to ensure that they have their own
ETPs (effluent treatment plants)

* Build stabilization ponds for domestic wastewater
treatment in places where cost constraints prevent
construction of treatment plants, including Harbor City

+ Bring more urban wastewater treatment plants on line
in future years as resources allow

Unmet Water Demand Agriculture,
Crop Diversification Scenario

Aib Az

E=—==|

IRERARRTAN]
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__._H._'_' /

Energy Demand
* Qur current energy source is primarily coal-based.
This generates GHG and ultimately exacerbates global
warming, with negative consequences for water
supply.
* We recommend the following:
« Install hydroelectric plant on Clim River to power
midland industries
+ Consider medium-term switch to non-hydro

renewables, including wind turbines, biogas, and tidal
energy generation, for coastal areas including Harbor

City

Agriculture: Policy Considerations

¢ Rice-intensive policy entails lower water demand, but
has disadvantage of over-reliance on single crop

= Crop-diversification policy has higher water demand
than rice-only policy, but advantages in terms of
market risk and food security

* It is impossible to eliminate all water stress under
realistic scenarios. Ultimately, government may want
to prioritize growth in industry and service sectors
over agriculture.

__._H._'_' /

__._H._'_' /

Transportation Demand

* Navigability of the Bach River is essential to (a) trade
(domestic and international), and (b) access to the
ocean by our neighboring Sultanate (which provides
us with a valuable negotiating tool).

* Qur EFR rate is estimated to preserve minimum water
depth for river navigation for about 70% of the time.

* Due to seasonal variability in streamflow, it may not
be possible to maintain navigability during August-
October, even with minimum EFR.

__._H._'_' /

brban and Industrial Demand

» Under both scenarios, water demand is satisfied for
both cities and industries.
¢ If desired, Climateland could increase supply for
agriculture by satisfying urban/industrial demand
through:
» Groundwater extraction
+ Desalination
+ Rainwater harvesting

83

__.H'_' ' /

’Ec-osystem Demand

* Mangroves are essential to defending coastal area against
sea level rise, salt-water intrusion, and coastal erosion.
Currently mangroves are under stress from habitat loss
and aquaculture.

* We recommend the following measures:

* Preserve minimum EFR of 30% (see next slides)

= lmplement policies against further development in
coastal/mangrove areas

* Become signatory to Ramsar Convention on Wetlands

« Eliminate fish farming in mangroves (=> increase in ocean fish
stocks, to benefit of ocean fishing industry)

* Use mang; to g funding through PES (Payment for
Ecosystem Services) or carbon offsetting
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EFR Bach and Clim Rivers

* Due to seasonal variability, minimum EFR ranges
from 2.2 CMS to 598.2 CMS for Bach River and 9.6
CMS to 1,044.2 CMS for Clim River (Aib scenario).

* While this may be sufficient to preserve minimum
ecosystem demands, it may not be sufficient to allow
navigability during dry season (August-October).

il Summary

* Climate change will cause water stress, particularly for
agriculture

* To address this, we propose a package of
interventions including (1) reservoir construction, (2)
hydropower plant, (3) wastewater treatment and
reuse, (4) agricultural policy reform, and (5) a priority
on maintaining minimum stream flow for ecosystem
health and navigation.
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Summary

= It is impossible to fully meet all demands given
current assumptions. While our recommendations are
successful in ensuring urban and industrial demand
are met, and reducing unmet demand for agriculture,
the agriculture sector will still have some unmet
needs.

* Ultimately the Government may wish to give more

priority in economic development plans to
industry/service sectors, than to agriculture.
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IWRM as a tool for Climate Change adaptation
Report on the Republic of Climateland

1. Introduction

Climate land is a small republic situated in the near tropics on the northern
hemisphere. The coastline of the country contains the mouths of two transboundary rivers
which are: Clim River and the Rhimeu River. The total country population is
approximately 5 million inhabitants. A relatively large number of inhabitants are
concentrated in the habor city, but a significant amount of people live in the rural areas
more upstream in the Clim River and its smaller tributary the river Bach. The rural
population is mostly concentrated in smaller villages. Climateland is bordered in the north
by the Ecosea, in the east by the Republic of Ecoland, and by the mountainous Sultanate
of Ostro in the south.
2. Problem statement

Temperature fluctuations and more water stress due to climate change is the observed
problem identified in both Alb and A2 scenarios. Under Alb scenario, the temperature is
rising by 5.04% which is from 15.28% to 20.32%. The increase in temperatures is leading
to the decrease in precipitation by 0.11mm (from 129.30mm to 129.19mm) and an
increase in evapotranspiration by 16.44mm (from 65.45mm to 81.89mm). Whereas in the
A2 scenario, the temperature is rising by 4.56°c (from 15.48° to 20.03°c), precipitation is
decreasing by 7.2mm (from 123.62mm to 116.42mm) and evapotranspiration is
increasing by 11.04mm (from 67.7mm to 78.74mm).
3. Organization

We worked on both Alb and A2 scenarios. The groups combined to produce a single
set of comprehensive policy recommendations for both scenarios. In the absence of data
on current GNP, we assume that the economy is rapidly developing and will allow
investment in a moderate number of infrastructural projects. Thus, our plan focuses only
on high development scenarios. Demands from various sectors including agriculture,
urban water supply, energy, transportation and ecosystem were considered.
4. Approach, method and data

The group approached the task looking at Climateland water demands for the years
2001-2100 under the two climate change scenarios: Alb and A2. As mentioned above,
due to a lack of economic data, we assumed that Climateland is in a high development
growth scenario and thus ran our models using only a High Development filter. The group
decided to maintain the navigability of river Bach as negotiation point with sultanate as
well as preserving the healthy ecosystem by making the EFR 30% (Babu & Kumara,
2009).
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4.1 Agriculture Demand
Agriculture is considered to be the single largest factor in unmet water demand in
2001-2100 period, as illustrated below:

Figure 1. Unmet Water Demand under Alb and A2 Scenarios

Alb Scenario A2 Scenario
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Climateland’s major crop is rice, which is highly sensitive to drought.
To meet the water demand for the agriculture sector, the group has decided to:

eBuild one reservoir with the capacity of 1,200MCM to increase water supply for

Midland Agriculture

e Assume water reusage of 50%
We propose two agricultural scenarios for consideration by the Government of
Climateland.
Scenario 1 is a modified business-as-usual approach, which foresees continued reliance
on rice as the principal crop of the country. However, under this model, we assume the
introduction of new rice varietals that require less water (3,200 c3/ha instead of 5,400
c3/ha) and that produce higher yields, thus allowing a reduction in total area dedicated to
rice cultivation.
Scenario 2 envisions a new policy of crop diversification. Under this approach, we
modeled a scenario in which there are 10 different crops in 3 different growing areas, with
varying water requirements ranging from 4,000 to 6,500 c3/ha, as follows:

eUplands: Rice (traditional varietal), millet, sorghum, beans

eMidlands: Wheat, maize, tomatoes, onions

eCoast: Sugar beets and potatoes (both introduced due to their tolerance for potential

salinity)

Our analysis shows that both scenarios, when implemented in conjunction with the other
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measures taken in this report, are successful in reducing unmet water demand to a
negligible amount in both coastal and upland areas. There is still unmet demand in the
Midlands, but to a much lesser degree. Scenario 1 (rice only) is slightly more effective at
reducing unmet water demand than Scenario 2. However, the Government needs to weigh
both scenarios not only against water usage criteria, but also economic and food security
criteria. Taking these into account, Scenario 2 (diversified crop production) has the
advantage over Scenario 1 of spreading economic risk (by not depending on a single crop)
and of ensuring greater national food security.

4.2 Urban and Industrial Demand
Under both Alb and A2 scenarios, we are able to meet basic water demand for urban and
industrial use. That said, the government could consider the following options (not
included in our current model due to lack of adequate data) for supplying urban and
industrial use:

eGroundwater extraction

eDesalination (for Harbor City and coastal industries)

eRainwater harvesting
The adoption of any or all of these technologies, at sufficient scale, might free up water
currently being taken from rivers for other uses, such as helping supply the unmet needs
for midlands agriculture.

4.3 Ecosystem Demand
At present, mangroves are under stress from habitat loss and aquaculture. They are,
furthermore, important for defending coastal area against sea level rise, salt water
intrusion and coastal erosion. In order to preserve a healthy ecosystem, the group
recommends that the Government:

ePreserve a minimum EFR of 30%

eImplement policies against further development in coastal/mangrove areas

eBecome a signatory to the Ramsar Convention on Wetlands

eEliminate fish farming in mangroves.

e Use mangroves to generate funding through PES (Payment for Ecosystem Services)

or carbon offsetting

While eliminating fish farming in mangroves might have a short-term negative economic
impact, over the short and medium term periods, however, doing so would provide both
long term economic as well as environmental benefits, as healthier mangroves provide
better spawning grounds for ocean fisheries, which remain an important contributor to the
national economy.
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Figure 2. Environmental flow rate for Clim and Bach rivers

Average Streamflow CMS Monthly Variation
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Due to seasonal variability, minimum EFR ranges from 2.2 CMS to 598.2 CMS for Bach
River and 9.6 CMS to 1,044.2 CMS for Clim River (Alb scenario, used for illustrative
purposes).
While this may be sufficient to preserve minimum ecosystem demands, it may not be
sufficient to allow navigability during dry season (August-October).
4.4 Energy Demand
Climateland's reliance on coal for its energy needs contributes to the generation of
greenhouse gases that consequently exacerbate global warming, which in turn have an
adverse effect on water resources. Consequently, we recommend the following:
eInstall a hydroelectric plant to power midland industries (434 MCM storage capacity,
11.33 CMS minimum turbine flow, 47.58 CMS maximum turbine flow, 39.38
meter tailwater elevation)
eConsider medium-term switch to non-hydro renewables, including wind turbines,
biogas, and tidal energy generation, for coastal areas including Harbor City

4.5 Transportation Demand

Since trade (domestic and international) and access to the ocean are the key elements for
negotiation with the neighboring country (Sultanate), navigability was considered to be
essential for the river Bach. In the absence of data on river depths, we assume that the
EFR rate is sufficient to allow river navigation for about 70% of the time. However,, due
to seasonal variability in stream flow, it may not be possible to maintain navigability
during August-October, even with the minimum EFR (Figure 2).

4.6 Wastewater Treatment

Our budget assumption is that we cannot ensure 100% wastewater treatment. Thus we
recommend the following:
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eBuild 1 treatment plant in midland region for Twin River City (to avoid down-river
contamination), with 95% reuse and 5% loss factors built into the model,

eRegulate industries to ensure that they have their own ETPs (effluent treatment
plants);

eBuild stabilization ponds for domestic wastewater treatment in places where cost
constraints prevent construction of treatment plants, including Harbor City;

eBring more urban wastewater treatment plants on line in future years as resources
allow

Figure 3: Supply and Demand sites for climate land
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5. Summary
Climate change will cause water stress, particularly for agriculture. To address this,
The group proposed a package of interventions including (1) reservoir construction, (2)
hydropower plant, (3) wastewater treatment and reuse, (4) agricultural policy reform, and
(5) a priority on maintaining minimum stream flow for ecosystem health and navigation.
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If implemented, together these recommendations would allow the possibility of
significantly reducing, if not completely eliminating, unmet water demand, as illustrated
by the following "before™ and "after" comparisons.

Figure 4.

Comparision of Unmet Water Demand before and
after Interventions

Alb Scenario (Base Ime) .. Alb Scenario (With Interventlons)
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il

It is impossible to fully meet all demands given current assumptions. While our
recommendations are successful in ensuring urban and industrial demands are met, and
reducing unmet demand for agriculture, the agriculture sector will still have some unmet
needs. Ultimately, the Government may wish to give more priority in economic
development plans to industry and service sectors, than to agriculture.
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