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Background-Why WaSSI-CB

Ecosystem services are critical to our: lives;

Ecosystem Services are threatened by climate
change, human! infllences (1.e. population
growth), water shortages, air pollution;

Quantify Ecosystem Service Payment Schemes;

Water, Carbon, and Biodiversity are linked;
Integrated models are the best way. for regional
dSSESSments

Forest Service Cares about water, carbon, and
climate change;



Drought-Induced Reduction in Global
Terrestrial Net Primary Production
from 2000 Through 2009

Maosheng Zhao* and Steven W. Running ]
20 AUGUST 2010 VOL 329 SCIENCE www.sciencemag.org
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Fig. 2. Spatial pattern of terrestrial NPP linear trends from 2000 through 2009 (SOM text 51) (8, 10).




Uncertainty: off Ecosystem: Carbon
SEquestiation
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Fig. 6. Mean annual NEE for each vegetation type within the conterminous U.S.
over the period 2001-2006: evergreen forests (EF), deciduous forests (DF), mixed
forests (MF), shrublands (Sh), savannas (Sa), and grasslands (Gr). Units are pg Cyr—'.
The bars are the estimated mean annual NEE. The error bars indicate the standard
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A Llarge and Persistent Carbon Sink in' the World's Forests (Pan. et
al., Seience, 2011)
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REPORTS

Trading Water for Carbon with
Biological Carbon Sequestration

Robert B. Jackson,’* Esteban G. Jobbagy,' Roni Avissar,’
Somnath Baidya Rny.“" Damian ). Barrett,” Charles W. Cook,’
Kathleen A. lerlla-},r.1 David C. le Maitre,”
Bruce A. McCarl,® Brian C. l'*lurrilj,.r;r
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Water (Sun et al., 2010)
ET = f(PET, P, LA

A
&
WaSSI-CB
Carbon L Biodiversity
(GEP, Reco, NEE) ,  (Currie,1991)

(Currie & Paguin, 1987

Bio Diversity =
f(PET, ET, NPP)

WaSSI-CB Modeling Framework



Model Framework

(Sun et al. 2011. JGR Vol 116)

WaSSI-C Modeling Framework Water balance Carbon balance

AS=P-Q-ET NEE = - (GEP — Re)

GEP= f(ET)
ET=f(PET, P,LAI, S)

Re= f(GEP)
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Model Development: Water




Monthly Water Balances

Water Yield =
Precipitation — Evapotranspiraton - AS

Example: In Kigali, Rwanda

P =1000 mm/yr; ET = 800 mm/yr.
Q = 1000-800 = 200 mm/yr.
Q/P=20%



Watershed Water Balance
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Distribution of Flux Towers Worldwide

More than 550 towers from >10 regional
networks and 46 countries worldwide

Number of Towers

»14



Eddy flux and Sapflow Data

(Sun et al., 2010 Ecohydrology)
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ECOHYDROLOGY

Ecohydrol. (2010)

Published online in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/eco.194

A general predictive model for estimating monthly ecosystem
evapotranspiration

Ge Sun,'* Karrin Alstad.? Jiquan Chen.? Shiping Chen,® Chelcy R. Ford,* Guanghui Lin,?
Chenfeng Liu,”> Nan Lu.? Steven G. McNulty,1 Haixia Miao,> Asko Noormets,®
James M. Vose,* Burkhard Wilske,? Melanie Zeppel,” Yan Zhang®
and Zhigiang Zhang®
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An General Evapotranspiration Model

ET=9.95 + 0.21*PET*LAI*+0.153*P+0.246*PET

Where,

ET = Evapotranspiration (mm/month)

PET = Potential ET estimated by Hamon’s method
_Al = Leaf Area Index

P = Precipitation (mm/month)




Model Result Example: Water Yield

'm Crop
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Modeled Regional Water Balance

WaSSI-C Modeled ET (mm yr.”") WaSSI-C Modeled Water Yield (mm yr.™)

I 80 - 200
[ 201 - 400
401 - 600
601 - 800
801 - 1000
[ 1001 - 1150
[]water Resource Region (WRR)

Sun et al., JGR-Biogeoscience, (2011)



Predicted the Future: Water Yield
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Regional water stress (WaSSI>0.4)
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Water (Sun et al., 2010)
ET = f(PET, P, LA

A
&
WaSSI-CB
Carbon L Biodiversity
(GEP, Reco, NEE) ,  (Currie,1991)

(Currie & Paguin, 1987

Bio Diversity =
f(PET, ET, NPP)

WaSSI-CB Modeling Framework



Carbon Cycle of A Forest Ecosystem
(Ryan et al., 2010)
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Key Carbon Balance Terms

NEP = GEP - Re

NEE=- NEP

Where,

NEE = Net Ecosystem Exchange (gC/m2/yr.);

Negative Carbon sink ; Positive- carbon source

GEP = Gross Ecosystem Productivity (gC/m2/yr.)
Re = Ecosystem Respiration (gC/m2/yr.) = Ra+Rh;



Annual Carbon Fluxes of a pine Plantation in North

Carolina, USA

(g C m=yrt)
3-yr LP 17-yr LP
2005 | 2006 | 2007 | 2008 | 2009 | 2005 | 2006 | 2007 | 2008 | 2009

NEE +904 | +365 | +193 360 | -835 | -725
GEP 1248 | 1640 | 1370 2480 | 2910 | 2765
ER 2150 | 2005 | 1565 2120 | 2075 | 2050
SR 1970 | 1510 | 1280 1330 | 1115 | 1140
SR:ER 0.92 | 0.75 | 0.82 0.63 | 0.54 | 0.56

Noormets et al. (2009) Global Change Biology




Law et al, 2002, Agri For Meteo.

AGRICULTURAL
AND
FOREST
METEOROLOGY

ELS EV IE R Agricultural and Forest Meteorology 113 (2002) 97-120

www.elsevier.com/locate/agriormet

Environmental controls over carbon dioxide and water vapor
exchange of terrestrial vegetation

B.E. La‘wEi * E.Falge®, L. Gu®, D.D. Baldocchi®, P. Bakwin ¢, P. Berbigier®,
K. Davis®, A J Dolman 2, M. Falkh J.D. Fuentes', A. GDldStE]ch A. GTHHIEI‘J__
A. Grelle¥, D. HDllngEI'l,_ [.A. Janssens™, P. Jarws ., N.O. Jensen®, G. KatulP,
Y. Mahli9, G. Matteucci®, T. Meyers®, R. Monson', W. Munger", W. Oechel ",
R. Olson%, K. Pilegaard®, K.T. Paw U, H. Thorgeirsson?, R. Valentini’, S. Verma?Z,
T. Vesala®!, K. Wilson®, S. Wofsy"




Law et al, 2002, Agri For Meteo.
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Law et al, 2002, Agri For Meteo.
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Monthly GEP-ET relationship
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Forest Soil Respiration
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Gross Ecosystem Productivity
(Sun et al, 2011, J. Geophysical Research)

Table 2. Regression model parameters for estimating monthly GEP as a function of ET, GEP
=a*ET.

Land cover Number of
flux tower
sites ax=SD

Croplands 29 3.13+1.69
Closed Shrublands 6 1.37+0.62
Deciduous Broad Leaf Forest 32 3.20+£1.26
Evergreen Broadleaf 16 2.59+0.54
Evergreen Needle Leaf 69 2.46+0.96
Grasslands 44 2.12+1.66
Mixed Forests 12 2.74+1.05
Open Shrublands 1.33+0.47
Savannas 1.26+0.77
Wetlands 1.66+1.33
Wet Savannas 1.49+0.36




Ecosystem Respiration
(Sun et al, 2011, J. Geophysical Research).

Table 3.
function of GEP, Re =m + n GEP

Regression model parameters for estimating monthly ecosystem respiration a

Ecosystems Number of

eddy
sites

flux

m=SD

n+=ShD

Cropland (CRO)

Closed Shrublands
Deciduous Broad
Leaf Forest (DBF)
Evergreen Broad
Leaf Forest (EBF)
Evergreen Needle
Leaf Forest (ENF)
Grasslands (GRA)

Mixed Forests (MF)
Open Shrublands
(0S)

Savannas (SAV)

Wetlands (WET)

Wet Savanna (WSA)

29

40.6+3.84

11.4£15.62

30.8+£2.93

19.6£8.74

9.9+2.24

18.9£2.31

24.4+4 .24

9.7£3.03

25.243.23

7.8£3.04

14.7£2.75

0.43x0.02

0.69x0.15

0.45x0.03

0.61£0.06

0.68+0.03

0.64+0.02

0.62+0.05

0.56=0.08

0.53£0.07

0.56x0.03

0.63+£0.04
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Model Validation (ET)
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Model Validation (Runoft)
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Model Validation (Runoft)
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Simulated Mean Annual GEP (gC/m2/yr) across the Southern U.S.

GEP Impact
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Simulated Mean Annual NEE (gC/m2/yr) across the Southern U.S.
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Modeled Climate Change Impact
on Carbon in the South

Mean Change in GEP (2060 vs. 2010) Under Four Climate Change Scenarios Mean Changedn NEE (20B0VS, 2010()0/U)“de' FeurClimete Change Scenarios
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Modell Development: Biodiversity



Water (Sun et al., 2010)
ET = f(PET, P, LA

A
&
WaSSI-CB
Carbon L Biodiversity
(GEP, Reco, NEE) ,  (Currie,1991)

(Currie & Paguin, 1987

Bio Diversity =
f(PET, ET, NPP)

WaSSI-CB Modeling Framework



Biodiversity Modeling

(Currie, 1991; Currie and Paquin, 1987)

Group Domain Model

Birds PET < 525 mm yr~! 1.40 + .00159 PET
PET = 525 mm yr~! 2.26 — .0000256 PET

Mammals All observations 1.12[1.0 — exp(—0.00348 PET)] + .653

Amphibians PET = 200 mm yr~! 0
PET > 200 mm yr~' 3.07(1.0 — exp(—0.00315PET)]

Reptiles PET < 400 mm yr~! 0
PET = 400 mm yr~! 5.21{(1.0 — exp(—0.00249PET)] — 3.347

Vertebrates All observations 1.49(1.0 — exp(—0.00186 PET)] + .746

Tree Species Richness = 185.8/[1.0 + exp(3.09 - 0.00432 ET)];
rr=0.76



Fig. 1 Tree species richness in Canada and the United States.
Contours connect points with the same approximate number of
species per gquadrat.

Large-scale biogeographical patterns of
species richness of trees

David J. Currie & Viviane Paquin

Biology Department, University of Ottawa, 30 Somerset East,
Ottawa, Ontario KIN 6N5, Canada
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Large-scale biogeographical patterns of
species richness of trees

David J. Currie & Viviane Paquin

Biology Department, University of Ottawa, 30 Somerset East,
Ottawa, Ontario KIN 6N5, Canada



9 Log fish richness =0.4 x log mean annual discharge
(m®s71) +0.6242, 12 =057 O

Log fish richness

ﬂ I I I I I
0 1 2 3 4 5 6

Log mean annual discharge (m® s™1)

Fig. 1 Fish species—discharge curve used to build scenarios of
fish loss. The regression was modeled with rivers found between
42°N and 42°S, where reduced discharge is predicted to occur.

Global Change Biology (2005) 11, 1557-1564, doi: 10.1111/}.1365-2486.2005.01008.x

Scenarios of freshwater fish extinctions from climate
change and water withdrawal

MARGUERITE A. XENOPOULOS*, DAVID M. LODGE* JOSEPH ALCAMOT,
MICHAEL MARKER$, KERSTIN SCHULZEf and DETLEF P. VAN VUURENS§




Tree Biodiversity




Vertibrate Biodiversity




Bird Biodiversity
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Preparing Inputs Data for Model
Applications In' Rwanda,
llanzania, and Zambia

(Erika Cohen / Matt Wingard)



Overview

Inputs

s Dataset
Climate

L.eaf Area Index (LLAT)
|Llandcover:

Sacramentor Soill Moisture Accounting model
a Format

s Data Precessing

Outputs
m Formats



Climate Databases

= Historic: CRU TS3.1

Climate Research Unit (CRU) Time-Series (TS) Dataset

The University of East Anglia
= Version 3.1
= Spatial Resolution: 0.5 x 0.5 Degree ~ 50 km?
= Temporal Resolution: 1901-2009
= Time Step: Monthly

= Variables: Minimum Temperature, Maximum Temperature, and
Precipitation

= Based on monthly mean temperat

= Future: Fixed changed

Precipitation: 20% Decrease
Temperature: 2 Degree Increase
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Average Annuall Temperature
Climate Maps



Rwanda

Mean Temperature

1960 - 2009

Average Temperature (c)
16.5-

b= NN R o
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Country Boundaries

Park Boundary
D.R. Congo

Cyangugu

F S

Kayanza
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Tanzania

Great Ruaha RiverValley y
Mean Temperature 1960 - 2009 th

.Singida

Average Temperature (c) Mkoani
165-18
B 1s-20
-2 Mkokotoni '
B 21 -22 Dodoma Zanzibar
@ ;
B -2 Koani
= (R
Country Boundaries
Ruaha National Park Morogoro Dar €S Salaam
' . Kibaha 3

.Sumbawanga

Lindi

Kasama Zambia

Malawi

Mozambique|
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Zambia
Luangwa River Valley
Mean Temperature 19460 - 2009
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AVerage Precipitation
Climate Maps



Mean Precipitation:

Rwanda
1960 - 2007

Rwanda Mea
B s33- 737
[ 738-936
[ ]e37-1136
[ a7
[ 1336- 1534
B 1535- 1733

- 1335

Country Boundaries
National Park Boundary
D.R. Congo

Ruhengeri \

Kigali

aaaaaaa




Mean Precipitation: Kenya
Tanzania g

1960 - 2007 oS08 oo
Tanzania Precip Values (mm) 0
B 535 - 737

[ 738-936 i

[ ]es7-1136
':] 137-1335 Mkokotoni!
I 1336 - 1534 Dodoma
B 1535 - 1734 *

D Country Boundaries
D Ruaha National Park

Kibaha
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Climate Over Time

= Site Examples
Three watershed selected in each country
Rwanda
= Butara, Kibungo, Umutana
Tanzania
= Isenga, Lukolini, Mahenge
Zambia
= Chicomo, Simoni, Kampumbu

= Average Annual Temperature

= Annual Precipitation
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Zambia Annual Precipitation

=—f=—Simoni
== Chicomo

== Kampumbu
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1980




Rwanda Average Annual Temperature
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== Kibungo
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Tanzania Average Annual Temperature




Zambia Average Annual Temperature




Improved Leaf Area Index (LAI)

= Zhao et al.,2005

Numerical Terradynamic Simulation Group (NTSG) at the
University of Montana Missoula

Source: MODIS Imagery, MOD15(FPAR/LAI)

Spatial Resolution: 1 km?2

Temporal Resolution: 2000-2006

Time Step: Monthly

= Zhao et al fill cloud-contaminated pixels

= LAI is used to calculate evapotranspiration in WaSSI-
CB



Rwanda

Leaf Area Index (LAI) Values
for January, 2000

Rwanda
Leaf Area Index (LAI) Values

for June, 2000

Le

[ High - 7.05

- Low :0.025




Land Cover

= Globcover
European Space Agency (ESA), MERIS instrument

= Spatial Resolution
300 m2

= Temporal Resolution

2006 composite
= Dec. 2004 — Jun. 2006

2009 composite
= Jan. 1 2009 — Dec. 2009
= Land Cover Classes
Global Legend: 22 classes
Regional Legend: > 22 classes

UN Land Cover Classification System compatible with
GLC2000 classification



Tanzania

300 meter resolution
Land Cover
Globcover Dataset 2009

Land Cover Types
- Fost-flooding orirrigated croplands

- Rainfed croplands

I 1 os:ic cropland (50-70%)

|:| Mosaicvegetation

|:| Closed to open (= 15%) broadeaved deciduous forest
I Ciosed (-40%) broadleaved deciduous forest

|:| Open (15 - 40 %) broadleaved deciduous forest

- Closed needleleaved evergreen forest

|:| Open needleleaved deciduous or evergreen forest

- Closed to open mixed broadleaved and needleleaved forest
I 1 osaic forest or shrubland

|:| Muosaic grasland

I ciosed to open shrubland

- Closed to open herbaceous vegetation

[ | sparse vegetation

- Closed to open flooded broadleaved forest

I Ciosed broadieaved forest permanently flooded

- Closed to open grassland orwoody vegetation on waterlogged soil
B :rtificial Sufaces and associated areas (Urban = 50%)

- Bare Areas
I vater bodies
- Permanent Snow




NOAA-NWS Sacramento Soil-Moisture
Accounting model (SAC-SMA)

Used for decades; for flood
forecasting in smaller watersheds

11" soil' parameters over: 2 soililayers

7 »Sacramento Soil-Moisture
s \Water sterage capacities Accounting model
x \ertical/lateral flow: rates d

Parameters derived by model
calibration

NWS provided gridded parameters
pased on STATSGO soil data



http://www.nws.noaa.gov/
http://www.noaa.gov/

Input Format

Eive Comma delimited text file

= General

s Celllnfo s e
= landltAl

x Solllnfo

x Climate

1.
1.
1.
1.
L
1.
1.
1.
1.
1,
1.
1.
1.
1.
1,
1.
1.
1,
1.
1.
1.
1.
1,
1.
1.
1.
1.
1,
1.
1.
1.
1.
1,

Sorted by Watershed, Year, Month



Input Processing

Processing Tools used to' create convert:
data frem original format to: textfiles

s GIS Models

= Python Scripts

s Microsoft ACCess:

s SQL Server D
s Rescaling Data

EBIX




Model Edit  Wiew ‘Window Help

H & 3@ b 5o @ e yL

Giving all Null Locations a
Value of Zero

Extract by
Mask

Single Dutput
Map Algebra

Making the LAI dataset Extent

the same as the Climate Grid
Extent



Model Edit  Wiew ‘Window Help

H & 3@ b 5o @ e yL

Calculating the average LAI value by
landuse class

Z&rﬂl

Statistics as
Table

7

Extract b
e Resample

Mask

Rescaling LAl dataset cell size, so it
matches the Landcover dataset cell
size



Output Format

Nine Tiext Eiles

Basicout Annualbio
Monthrunofif: Hucflow
Monthcarbon Huccarbon
Annualfiow Hucbio

Annualcarbon



Output Presentation

Charts
Y
Maps
s ArcGIS
Jiext files joined to geospatial‘layer




Model Application in
Rwanda, Tlanzania, Zambia

(Ge Sun)



Model Application in Rwanda
flanzania, and Zambia

Spatial scale: watershed

EREIE
= 1960-2009

Future
= 20% decrease in precipitation

= 2 degree increase in temperature
= 50% cut of forest

Modeled Variables

= \Water Yield

= Carbon sequestration (NEE, GEP)
= Biodiversity



Baseline (1960-2009): Water
Rwanda, Tanzania, and Zambia



Rwanda

Runoff (mm)
[ Jer-1a7

[ 138 -256

B 557 -373

B =74 - ac0

B o -s07

B cos 725

Country Boundaries
Mational Park Boundary

\J

Kayanza

Bubanza

Muramvya

Bujumbura
@

Mbarara

Uganda

L

~, .
Muymgg Tanz ia

Cankuzo

Ngozi -
Burundi




Rwanda
Runoff / P
Ratio

: U g ajfildiE:

‘ﬁ"‘\

D.R. Congo -J‘%

e ania
=W a mdal Runoff / P Ratio
‘ B 0.10-0.14
l B 0.15-0.17

I 0.18-0.21

‘¥ "\J‘ 0 0.22-0.24
R #’}{‘ ="
SN S
* P ndl I 0.40-0.43

D 044-046




Monthly Runofif (1960-2009)

Rwanda Monthly
MonthMear: 1401960
Runoff

1960 - 2009

WENE 2N i A

Runoff {mm})
[
s
B 5- =3
[ 243
[ J32-m
[ Jaz-sm2
[]53-64
s a1
B =z o7
I 0= - 250
:National Parks




Mean Precipitation:
Rwanda
1960 - 2007

Rwanda Mean Precip Values (mm)
| EEBE

[ 738938

[ ear-1138

[ n3r-13ss

[ 1336 - 1534

I 1535 1733

Country Boundaries
Natienal Park Boundary

D.R. Congo

_Rwarlda

,"Gnararf\a L
AL

hzania

Rwanda
Mean Temperature
1960 - 2009

Average Temperature (c)

I es-

| Country Boundaries
[Mational Paric Boundary

D.R. Congo




Rwanda
Percent Forest Runoff
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Rwanda
Selected
Watersheds

Annual Runoff (mm/year)

600

500

400

300

200

100

0

Model ed Runoff, Butare Watershed and Rwanda Mean

y=-2.5x+ 5303
R=0.0875

N
IN\ /,

)
VAN

/ (V4 ’

A

V

N

NV

Y

= Runoff {Butare}

= Runoff {Rwanda)

y=-2.3x+4835.1
R*=0.1608

—Linear {Runoff {Butare))

—Linear {Runoff {Rwanda))

1960

1965 1970 1975

1980

Year

1985

1990

1995

2000

2005
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Tabora

Tanzania

Ruaha River Valley
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Tabora
[ ]

Tanzania
Runoff / P
Ratio

Dodoma
)

Morogoro N
L Kibaha

-0.08
-0.12
-0.15
-0.19
-0.23
-0.27
-0.31
-0.34
-0.38
-0.42
RuahaNP

Zambia _
Malawi

Songea
~ ¢}




Mean Precipitation:
Tanzania
1960 - 2007 R

Tanzania Precip Values (mm)

I 538 - 737

[ 738 -938

[ lesr-1136

[ 1371335

B 1336 - 1534 Dodoma
W 1535 - 1734 ®

) country Boundaries

] Ruaha National Park

.Slnglda

Zambia
.Kasama

Songea
Pk

Kibaha

Tanzania
Great Ruaha River.Valley
Mean Temperature 1960 - 2009

Average Temperature (c)

'Si ngida

Kasama Zambia

Dodoma
°

.Songea

gflanga
Wet
.

Mkoanil

Mkokotoni
Zanzibar
Koani,
*
.Morcgoro Dar €s Salaam

Kibaha

Lindi
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Tabora
[ ]

Zambia

Malawi

Dodoma
®

Kibaha

Tanzania
Percent Forest
Runoff

- 100

RuahaNP




Modeled Runoff, Tanzania Mean

y=-1.2x+ 2634
R*=0.027

N

™~
L]
2
B
£
E
=
=]
c
3
o
‘©
3
c
c
=L

f/\/“\J \/ V

—— Runoff—Linear { Runoff)

U ! ! ! ! T ! ! ! !
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Year




Zambia

Luangwa Valley
Runoff (mm)

[ 21-137

Kasama
.

Country Boundaries

Luangwa River Basin

Malawi

Lilongwe

Mozambique




ZLambia Luangwa Valley Runoff / P Ratio
~_Tanzania

RUNOFF/P Ratio

I 0.18-0.20
B 021-022
B 0.23-0.24
B 025

[ 026-027
. 0.28-0.29
N 0.30-0.31
B 0.32-033
034

I 035-036

D Luangwa Watershed 7_,2:‘"

Mozambique




Mean Precipitation:
Zambia
1940 - 2007

Values |

Zambia Mean Preci| S (mm]

57173: e (fj ‘% ] qubiq
s WAl RN I Ny Luangwa River Valley
) ?fj’(\\?:}/ ‘ Mean Temperature 1960 - 2009
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Monthly Runofif (1960-2009)




ZLambia Luangwa Valley % Forest Runoff
~_Tanzania

% Forest Runoff
I

B 5-9

Bl 0-16

B -2
I 29 - 39

[ 40-53

| 54-66

L ler-79

[ l80-91

Mozambique




Modeled Runoff, Zambia Mean
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Potential Hydrologic Impacts of
llandcover Change and Climate
Change
(Rwanda)



Three Scenarios

50%: Deforestation
llemp Increase 2 Degree C

flemp increase 2 Degree C + 20% Precip
Reduction



0% Deforestation

Rwanda Future

Rwanda Future
Climate Scenario:

Climate Scenario:

Baseline Runoff ; 50% Forest Cut

S amd 2 Runoff

B 0-7e
I s0- 149
[ 150-218
[ 219-287
[ |2ss-
B 57 -
B 427 -
I 406 -
I s -

34 - 70 I 3 -

[ nationai Parks [ wational Paris




0% Deforestation

Rwanda Future
Climate Scenario:

Runoff Difference
between 50%
deforested and
baseline

Runoff Difference (mm)
B -1
B o8
B 575

P a4.-32

-31--20

-5-+6

+7-+19

+20 - +32

+33 - +45

+46 - +58
I +59- +70
P +71-+83
B <4 - 96
B o7 - +109
D National Parks




50% Deforestation
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Temp Rise by 2 Degree

Rwanda Future
Climate Scenario:
Baseline Runoff

Rwanda Future
Climate Scenario:
2 degree Temp.
Increase

(=W & find Runoff

o Runoff

I g0 - 145 [ ro-79

[ 150-218 I ' B s0- 149

[ |219-207 [ 1s0-218
| 288 - 356 ¢ [ 210- 207

[ 357 - 426 [ |288-356

I 427 - 495 B 357 - 426

I 495 - 564 7Y B 427 - 495

I 565 - 633 5 I 295 - 564

B 3¢ - 703 [ 565633

] vetional Parks B 634 - 703
E National Parks




emp Rise by 2 Degree

Rwanda Future
Climate Scenario:

Runoff Difference
between 2 Degree

Temp. Increase and
baseline

Runoff Difference (mm)

Rwand s Y $ ‘ I 563
' Il 52 -0
Bl s -8

[ 53--52
[ 51--50
| 40--8
| a7-a2
[ 41--34
D National Parks




Temp Rise by 2 Degree+20%
reduction

Rwanda Future
Rwanda Future Climate Scenario:
Climate Scenario: 20 Percent CO2
Baseline Runoff Reduction

B WENEE] Runoff
P ot Runoff | RUEH
I o0 I s0- 149
I 80 - 149 - [ 150 -218
[ 150-218 219 - 287
| 219- 287 288 - 356
| 288 - 356 [ 357 - 426
[ 357 - 426 I 427 - 495
I 427 - 495 ) - I 46 - 564
I 496 - 564 o I ss5 - 633
I 555633 B - - 703
I s3:- 703 [ vational Parks

E National Parks




Temp Rise by 2 Degree+20% P
reduction

Reduction
Precip by

20%

Runoff Difference (mm)
B 309 - -290
B 250271
B 270--252
B -251--233
P -232--214
P -213--195
[ 194--178
[ 75— 187
| -156--138
[ s7-119
[ -118--100
[ 99--81

E National Parks



Summary.

llarge: spatial distribution off runofi: in all
three countries, and within the three
Basins;

llarge temporal variability: off rainfall'an
FUROL;

The climate change would have Serous
IMpacts on Water resources in all
countries.




