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E stim a tion  o f  r iv er  v o lum es

Estim ation  o f  the river vo lum e was based on data from  X enopou los et al. (1), A lcam o et al. 

(2 ), Hugueny (3), Fekete  et al. (4), D o ll et al. (5), and EarthTrends W atersheds o f  the W orld  

(6). The water vo lum e o f  a river can be calculated  by:

Vi = Qi • t  E q u a tion  S1

where V  is the water vo lum e o f  river i  (m 3), Q  is the average d ischarge o f  river i  (m 3-s-1) and 

t  is  the average residence tim e o f  the water in  river i  (s).

The average river d ischarge was calculated  by:

where Qmouth,i is the d ischarge at the mouth o f  river i (m 3-s-1) available from  WaterGap (2). 

The average d istance travelled  by each raindrop w ill depend on the river network pattern. By  

d ivid ing Qmouth,i by 2 to  estim ate the spatially averaged discharge, w e  assum e that the average  

distance travelled  is h a lf  o f  the river’s total length.

The average residence tim e (in  s) was obtained from  the river’s total length  and the average  

river water ve loc ity :

L . /  2
t  =  E q u a tion  S3

v i

S2
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where Li is the length  o f  river i  (m ) and v  is the average ve loc ity  o f  river i  (m-s"1). Again , w e  

assum ed that the average d istance travelled  o f  the water is h a lf o f  the river’s total length. 

Based  on A llen  et al. (7 ), a typ ical river ve loc ity  can be derived from  river d ischarge data via:

Vj = 1 .067 • Q01035 E q u a tion  S4

where vi is the river ve loc ity  (m-s"1) and Qi is the average river d ischarge in  river basin  i  (m 3-s" 

1).

Feeding  equation  4 into 3, and equations 2 and 3 into equation  1 reveals that:

V
mouth,i

1.067 •

f  Q \
mouth, i

0 .47  •
f  Q ^mouth,i

• L E qua tion  S5

0 .90

0 .1035
2 2

2

D er iv a tion  o f  dQmouthj/dTEMP

The derivation  o f  dQmôuttlj/dTEMP for all the 214  river basins was taken as a starting point in  

the calcula tion  o f  the e ffec t factor for global warm ing, u sing year 2100  as a future reference  

year. The river basin -spec ific  dQmouth/dTEMP  was calculated  by d ivid ing the d ischarge at the 

mouth o f  each river basin  w ith  the global m ean temperature change in 2100. A s reported in  

IPCC (8) and M A  (9 ), g lobal m ean temperature changes are projected w ith in  the range o f  1.9 

to  4 .4  by the year 2100 , depending on  the scenario chosen  (see  Table S1). The effect factors 

were calculated  for f iv e  global clim ate scenarios to  project freshwater fish  species  lo ss for the 

year 2100  by mu ltip ly ing  dQmouth/dTEMP  w ith  dPDF/dQmouthi over all river basins included.

S3



72 T ab le  S1. Summary o f  the fiv e  global clim ate scenarios considered in the present study (8, 9).

73

S c en a r io S um m a ry

G lo b a l m e a n  

tem p e r a tu r e  c h a n g e  in  

2 1 0 0  (°C )

A 2 A  h e te ro g e n e o u s  w o r ld  w ith  c o n tin u o u s ly  in c re a s in g  p o p u la t io n  g ro w th  ra te . 

R e g io n a l iz e d  a n d  f r a gm en te d  e co n om ic  g row th  a n d  s low  te c h n o lo g ic a l  ch ang e .

4 .4

B 2 A  w o r ld  w ith  in te rm ed ia te  le v e ls  o f  e co n om ic  a n d  p o p u la t io n  g ro w th ,  a n d  

em p h a s iz e  o n  lo c a l s o lu t io n s  to  e c o n om ic ,  s o c ia l ,  a n d  e n v iro nm en ta l  

s u s ta in ab ility . T e c h n o lo g ic a l  c h an g e  is  f a s te r  th a n  A 2 .

3 .2

FW R eg io n a liz e d  a n d  f ra gm en te d  w o rld . R e a c tiv e  a p p ro a c h  to  th e  g lo b a l 

e n v iro nm en ta l  p ro b lem s . H ig h  p o p u la t io n  g row th  w ith  low  e co n om ic  

d e v e lo pm en t a n d  te c h n o lo g ic a l  c h an g e . T h e  g a p  b e tw e e n  r ic h  a n d  p o o r  c o u n tr ie s  

in c re a s e s  o v e r  tim e .

3 .3

G O S tro n g  g lo b a l a c t io n  w ith  em p h a s is  o n  tra d e  a n d  e co n om ic  g row th . O f fe r  a n  

e q u a l  a c c e s s  o n  p u b lic  g o o d s  a n d  se rv ic e s . R e d u c e  p o v e r ty  b y  im p ro v in g  h um an  

w e ll-b e in g . R e a c tiv e  a p p ro a c h  to  th e  g lo b a l  e n v iro nm en ta l  p ro b lem s .

3 .5

T G S tro n g  g lo b a l  a c t io n ,  w ith  em p h a s is  o n  g re en  te c h n o lo g y . H ig h  e co n om ic  

g row th . P ro a c tiv e  a p p ro a c h  to  th e  g lo b a l  e n v iro nm en ta l  p ro b lem s  u s in g  

te c h n o lo g y  a n d  m a rk e t-o r ie n te d  in s t i tu t io n a l  re fo rm . F o c u s in g  o n  e co n om ic , 

e d u c a tio n  a n d  h um an  w e ll-b e in g . S ym b io tic  b e n e f i ts  fo r  b o th  th e  e n v iro nm en t  

a n d  e co n om y .

1.9

In flu en ce  o f  in c lu d in g  r iv er  basin s  lo ca ted  above  4 2 o

Greenhouse gas emissions

Figure S1 show s the e ffec t factors for greenhouse gases for f iv e  global scenarios in 214  and 

297  river basins. The average effect factor for 214  river basins included is  2 .0 4 -109 

PDF-.m 3oC-1. W hen  includ ing other river basins that located  at the h igher latitude (>  4 2 o), the 

average effect factor increases to  2 .0 7 -109 P D Fm 3oC-1. A  relatively h igh  potential freshwater  

fish  spec ies lo ss  is  reported in  B 2  scenario per degree o f  temperature increase compared to the 

other future scenarios. This find ing  can be explained  by the fact that in the B 2  scenario the 

decrease in water d ischarge is predicted  is due to the low  water d ischarge in this scenario  

compared to other scenarios in rivers w ith  the h ighest e ffec t factors, i.e. the rivers b e low  42  

degrees latitude w ith  the h ighest river length. This results in a relatively h igh  value for  

dPDF/dQ in  the B 2  scenario.
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F igu re  S1 . The effect factors for greenhouse gas em ission s (P D Fm 3oC-1) based on IPCC and 

MA  scenarios for 214  and 297  river basins, respectively.

N o rm a liza tio n  fac tors

Characterization factors, water consumption in year  1995 and normalization  factors for water 

consumption for 112 river basins were included. D ue to lack  o f  data, w e  w ere not able to  

derive normalization  factors for all river basins considered  in this study. To derive  

normalization  factors for water consumption, w e  started w ith  water w ithdrawal data for  

househo lds, irrigation, industry, and livestock  sectors representative for year 1995 from  the 

WaterGap model (2, 10). W e converted  water w ithdrawal to  water consumption  by using  

con tinen t-specific  water w ithdrawal-consumption ratios derived from  Shiklom anov (11), i.e. 

for Europe =  43% , North  Am erica =  34%, A frica  =  72%, A sia  =  62%, South Am erica  =  53%  

and Australia =  58%. The total population  for the 112 river basins included is 2 .65  1 09. 

Norm alization  factors w ere expressed  in unit o f  the potentially  disappeared fraction  o f  fish  

species  for river-specific water consumption (PDF-m3/capita). The total normalization factor  

for direct water consumption (NFwc) was calculated  by:

S5

□  214 rivers

□  297 rivers
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E W . CF,

NF =  _i________
wc E  N. E q u a tion  S6

,

where W, is the water consumption  in river basin  i (m 3-yr-1), CF, is the characterization factor  

for river basin  i  (PDF-m3-yr-m-3) and N, is the number o f  capita in  river basin  i  (capita).

The normalization  factors for global warm ing were based on the global greenhouse gas 

em ission s for year 2000 . The total population  numbers in  the world  in 2000  is 6 .1 1 0 9 (12). 

Norm alization  factors w ere expressed  in unit o f  the potentially  disappeared fraction  o f  fish  

species  over a certain river vo lum e due to global greenhouse gas em ission s in 2000  

(PDF-m3/capita). The total normalization  factor for greenhouse gas em issions (NFghg) was 

calculated  by:

E Mx • CFX

NF„h„ =
N  E q u a tion  S7

world

where Mx is  the em itted  quantity o f  a substance x  (kg), CFx is  the characterization factor for  

substance x  (PDF-m3-yr-kg-1) and Nworld is the total number o f  capita in  the world  in year 2000  

(capita).

S6
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A v e r a g e  r iv e r  d is c h a r g e  C a lcu la t e d  r iv e r  E f fe c t  fa c to r  fo r  

R iv e r  le n g th  a t  th e  m o u th  v o lu m e  g lo b a l  w a rm in g

R iv e r  b a s in s  b e low  42  d e g r e e s  la t itu d e  (km ) (km 3'y r _1)  (m 3)  (P D F 'm 3-oC"1)

N il  (A f., in t.) 5 909 75 .8 7 1 .6 0E + 09 *

S en eg a l (G u in é e -S é n é g a l) 1680 9 .9 4 7 .3 4E + 0 7 6 .1 2E + 0 6

G am b ia  (G u in é e -G am b ie ) 745 6 .7 6 2 .3 1 E + 0 7 1 .2 9E + 06

T om in é  o u  R io  C o ru b a l  (G u in é e -G u in e é  B is sa u ) 463 17 .82 3 .4 2E + 0 7 9 .6 7E + 0 5

K o n k o u ré  (G u in é e ) 303 13 .08 1 .6 9E + 07 2 .7 0E + 0 5

K o le n té  (G u in é e , G re a t  S c a rc ie s ) 2 4 0 2 8 .0 5 2 .6 6 E + 0 7 4 .0 7E + 0 5

Jo n g  (S ie r r a  L eo n e ) 2 49 17 .85 1 .8 4E + 07 1 .0 9E + 05

S ew a  (S ie r ra  L eo n e ) 2 40 17 .41 1 .7 3E + 07 1 .2 4E + 05

M o a  (G u in é e -S ie r r a  L eo n e ) 425 2 6 .1 4 4 .4 2 E + 0 7 2 .5 2E + 0 5

M an o  (L ib é r ia ) 2 7 6 10 .79 1 .3 0E + 07 2 .6 6 E + 0 4

L o f fa  (G u in é e -L ib é r ia ) 349 15 .81 2 .3 1 E + 0 7 4 .3 7 E + 0 4

S t P a u l (L ib é r ia ) 4 1 0 36 .4 6 5 .7 5E + 0 7 2 .2 6 E + 0 4

N ip o u é  (C e ss , L ib é r ia -R C I) 332 16 .94 2 .3 4 E + 0 7 *

C a v a lly  (L ib é r ia -R C I) 3 79 2 5 .7 0 3 .8 8E + 0 7 *

D o d o  (a k a  D éo )  (R C I) 89 19 .35 7 .0 4E + 0 6 *

S an  P é d ro  (R C I) 193 2 .5 5 2 .4 9 E + 0 6 *

S a s s a n d ra  (R C I) 569 30 .61 6 .8 2E + 0 7 *

N 'Z o  (a . S a s s a n d ra )  (R C I) 243 3 .2 5 3 .9 1E + 0 6 *

B o u b o  (R C I) 130 2 .6 9 1 .7 6E + 06 *

B a n d am a  (R C I) 692 2 3 .2 6 6 .4 8E + 0 7 *

Y an i (s .a . B a n d am a )  (R C I) 167 2 3 .2 6 1 .5 6E + 07 *

S7

T ab le  S2 . R iver characteristics for 214  river basins b e low  42  degrees latitude (1 -  6) and river-specific effect factor for global warm ing. D ue to 

increased precipitation, the river d ischarge rate is predicted  to increase in som e areas (13). R iver basins w ith  increased d ischarge w ere excluded  in  

the calculation  o f  the effect factor for global warming.

* - R iver basins w ith  increased discharge.



R iver  ba sin s b elow  42 d egrees la titud e

M arah o u é  (a . B a n d am a )  (R C I)

N 'Z i  (a . B a n d am a )  (R C I)

K a n  (s .a . B a n d am a )  (R C I)

A g n é b i  (R C I)

C om o é  (R C I-B u rk in a )

B ia  (R C I-G h a n a )

V o lta  (G h a n a -B u rk in a )

B la c k  V o lta  (B u rk in a -G h a n a )  (a . V o lta )  

N a s ia  (a . W h ite  V o lta )  (G h an a )

D a k a  (a . V o lta )  (G h a n a )

M ono  (T o g o )

O u ém é  (B én in )

O g u n  (N ig é ria )

N ig e r  (A fr . In t.)

N ia n d a n  (G u in é e )  (a . N ig e r )

B én o u é  (N ig é r ia -C am e ro u n )  (a . N ig e r )  

S o k o to  (a . N ig e r )  (N ig e ria )

C ro s s  (N ig é r ia -C am e ro u n )

M un g o  (C am e ro u n )

D ib am b a  (C am e ro u n )

W ou r i  (C am e ro u n )

S a n a g a  (C am e ro u n )

N y o n g  (C am e ro u n )

L o k o u n d jé  (C am e ro u n )

K rib i o u  K ie n k é  (C am e ro u n )

L o b é  (C am e ro u n )

N tem  (C am e ro u n -G a b o n -G u in é e  é q u a t.)  

O g ô o u é  (G a b o n )

N ia r i-K o u i lo u  (C o n g o )

Z a ïre  (A fr .,  In t.)

C u n en e  o u  K u n en e  (N am ib ie -A n g o la )



A verage  r iv er  d ischarge  C a lcu la ted  r iv er  E ffect fa ctor  for

R iv er  len g th  a t th e  m ou th  vo lum e globa l w arm ing

(km ) ( W ' y r 1) (m 3) (P D F m 3 ^ 1)

24 9 12 .76

47 2 6 .8 6

629 2 3 .2 6

281 2 .7 6

750 5 .9 2

2 6 0 4 .3 2

1301 3 2 .7 6

1352 8.11

21 9 8 .5 2

106 21 .4 5

41 2 3 .4 7

48 0 6 .2 2

41 0 5.81

4 2 0 0 147 .43

344 18 .69

1400 6 8 .6 8

275 29 .01

48 0 59 .93

13 8 .2 7

150 18 .78

160 18 .78

803 63 .81

40 2 2 2 .1 4

185 3 .1 2

100 3 .1 2

80 3 .1 2

356 19.21

815 155 .06

481 28 .3 5

4 3 3 9 1348 .39

828 8 .8 0

1 .3 6E + 07 *

1 .4 8E + 07 *

5 .8 9E + 0 7 *

3 .8 9E + 0 6 *

2 .0 6 E + 0 7 *

5 .3 8E + 0 6 5 .5 3E + 03

1 .6 6E + 08 *

4 .9 3 E + 0 7 *

8 .3 3E + 0 6 3 .0 0E + 0 4

9 .2 3E + 0 6 *

7 .0 1E + 0 6 *

1 .3 8E + 07 *

1 .1 1E + 07 *

2 .0 6 E + 0 9 *

2 .6 5 E + 0 7 4 .5 9E + 0 5

3 .4 6E + 0 8 *

3 .1 4E + 0 7 5 .2 4E + 0 4

1 .0 5E + 08 *

4 .8 2E + 0 5 3 .2 9E + 0 2

1 .1 6E + 07 1 .4 8E + 04

1 .2 4E + 07 1 .5 8E + 04

1 .8 6E + 08 3 .6 9E + 05

3 .6 0E + 0 7 8 .3 4E + 0 4

2 .8 7 E + 0 6 2 .8 5E + 0 3

1 .5 5E + 06 1 .5 4E + 03

1 .2 4E + 06 1 .2 3E + 03

2 .8 1 E + 0 7 1 .5 0E + 04

4 .1 8 E + 0 8 9 .0 0E + 0 5

5 .3 8E + 0 7 6 .7 6E + 0 5

1 .5 5E + 10 5 .1 1E+06

3 .2 4E + 0 7 6 .1 8E + 0 5
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R iver  ba sin s b elow  42 d egrees la titud e

K a sa i  (a . Z a ire )  (Z a ire -A n g o la )

C h a r i (L a c  T ch a d )

U b a n g i  (a . Z a ire )  (C o n g o -R C A )

Z am b e z i  (M o z am b iq u e -Z am b ie -A n g o la )

T a n a  (K e n y a )

R u f i ji  (T an z a n ie )

L im p o p o  (B o tsw a n a -M o z am b .-R h o d e s ie -R S A )  

P o n g o lo  o u  M ap u to  (R C A -M o z am b iq u e )

S h ire  (a . ) (M a law i-M o z am b iq u e )

K a fu e  (a . Z am b e z e )  (Z am b ie )

R u a h a  (a . R u f i j i )  (T an z a n ie )

E v ro s -M a r i ja  (G re c e -T u rq u ie -B u lg a r ie )  

N e s ta -N e s to s  (G re c e -B u lg a r ie )  

S trym o n -S tro um a  (G re c e -B u lg a r ie )

A g ly  (F ra n c e )

M in h o  (P o r tu g a l-E sp a g n e )

L im a  (P o r tu g a l)

C a v ad o  (P o r tu g a l)

D o u ro  (P o r tu g a l-E sp .)

V o u g a  (P o r tu g a l)

M o n d eg o  (P o r tu g a l)

S ad o  (P o r tu g a l)

M ira  (P o r tu g a l)

G u a d ia n a  (P o r tu g a l-E sp .)

R a is in  (C an ad a )

S y d e n h am  (C a n ad a )

G ra n d  r iv e r  (C a n a d a )

T h am e s  (C a n a d a )

M iss is s ip i  (U SA )

R io  G ra n d e  (U S A -M ex iq u e )

P e c o s  (a . R io  G ra n d e )



A verage  r iv er  d ischarge  C a lcu la ted  r iv er  E ffect fa ctor  for

R iv er  len g th  a t th e  m ou th  vo lum e globa l w arm ing

(km ) (km 3 yr_1) (m 3) (PD F 'm 3'°C"1)

215 3 573 .15

1733 25 .4 5

2 3 0 0 177 .98

269 3 120 .36

671 7 .31

809 3 0 .4 9

1800 9 .1 2

347 4 .7 3

1200 119 .70

960 17 .84

475 3 0 .4 9

415 11.01

23 0 1.91

38 9 3 .4 0

82 1 .38

350 11 .20

108 3 .2 3

135 3 .2 3

555 2 3 .1 0

148 1 .67

23 4 2 .7 8

175 1.28

145 0 .3 3

766 7 .8 6

21 7 178 .89

165 162 .07

28 0 196 .50

27 0 4 .9 0

418 5 5 30 .6 4

2 2 1 9 8 .00

1490 6 .5 5

3 .5 7E + 0 9 *

1 .7 6E + 08 *

1 .3 4E + 09 *

1 .1 0E + 09 6 .7 8E + 0 7

2 .2 3 E + 0 7 1 .1 3E + 05

9 .6 6E + 0 7 2 .3 3E + 0 5

7 .2 8E + 0 7 3 .4 5E + 0 6

7 .8 0E + 0 6 1 .4 2E + 05

4 .8 8 E + 0 8 3 .0 0E + 0 7

7 .0 9E + 0 7 3 .8 0E + 0 6

5 .6 7E + 0 7 1 .3 7E + 05

1 .9 9E + 07 5 .5 8E + 05

2 .2 9 E + 0 6 1 .0 8E + 05

6 .5 0E + 0 6 2 .4 5E + 0 5

6 .1 2E + 0 5 4 .4 8E + 0 3

1 .7 0E + 07 1 .2 0E + 04

1 .7 2E + 06 1 .6 3E + 03

2 .1 5 E + 0 6 2 .0 4E + 0 3

5 .1 7E + 0 7 5 .0 6E + 05

1 .3 1E + 06 2 .1 3E + 0 3

3 .2 7E + 0 6 7 .0 6E + 0 3

1 .2 2E + 06 1 .2 2E + 04

3 .0 1E + 0 5 2 .7 4E + 0 3

2 .7 1 E + 0 7 4 .2 0E + 0 5

1 .2 7E + 08 1 .0 5E + 05

8 .8 1E + 0 7 7 .6 9E + 0 4

1 .7 8E + 08 1 .2 8E + 05

6 .2 6E + 0 6 *

6 .4 7E + 0 9 8 .2 1E + 0 6

7 .9 8E + 0 7 2 .1 0E + 0 5

4 .4 8 E + 0 7 *

S9



R iver  ba sin s b elow  42 d egrees la titud e

C a n ad ia n  (s . a. M is s is s ip i)  (U SA )

C o lo ra d o  (U S A -M ex iq u e )

S an  Ju a n  (a . C o lo ra d o )  (U SA )

Z u n i (s . a. C o lo ra d o )  (a . L it t le  C o lo ra d o )

S an  F ra n c is c o  (a . G ila )  (U SA )

G ila  (a . C o lo rad o )

O h io  r iv e r  (a . M is s is s ip i)

S c io to  R iv e r  (a . O h io )

B ig  D a rb y  C re e k  (s. a. O h io )  (a . S c io to )  

W ab a sh  R iv e r  (a . O h io )

L it t le  W ab a sh  R iv e r  (a . W ab a sh )

E m b a rra s  R iv e r  (a . W ab a sh )

S t J o s e p h  R iv e r  ( s .a . W ab a sh )

E lk  r iv e r  (s . a. O h io )  (a . K an aw h a )  

C um b e r la n d  r iv e r  (a . O h io )

G re e n  r iv e r  (a . O h io )

K a n aw h a  r iv e r  (a . O h io )

T en n e s s e e  R iv e r  (a . O h io )

M u sk in g um  R iv e r  ( s .a . O h io )  (a . A lle g h e n y )  

A lle g h e n y  r iv e r  (a . O h io )

L it t le  M iam i r iv e r  (a . O h io )

H o c k in g  r iv e r  (a . O h io )

K in n ic o n ic k  r iv e r  (a . O h io )

L ic k in g  R iv e r  (a . O h io )

L it t le  S c io to  r iv e r  (a . O h io )

O h io  B ru sh  C re e k  (a . O h io )

O le n ta n g y  R iv e r  (a . L it t le  S c io to )

P a in t  C re e k  (a . S c io to  r iv e r )

S c io to  B ru sh  C re e k  (a . S c io to )

S ym m es  R iv e r  (a . O h io )

T y g a r t  C re e k  (a . O h io )



A verage  r iv er  d ischarge  C a lcu la ted  r iv er  E ffect fa ctor  for

R iv er  len g th  a t th e  m ou th  vo lum e globa l w arm ing

(km ) (km 3 yr_1) (m 3) (PD F 'm 3'°C"1)

1223 4 .5 9

1750 1.35

375 15 .72

145 15 .05

2 2 1 2 0 .0 4

1044 0 .6 8

2 1 0 2 24 0 .8 5

372 83 .41

135 3 .8 9

764 147 .34

320 147 .34

29 8 12 .70

160 2 .8 4

2 7 7 9 .5 6

1106 9 3 .0 4

1175 118 .14

156 6 5 .6 0

1049 24 0 .8 5

179 3 6 .4 6

523 10.61

170 93 .8 3

153 4 7 .4 6

159325 8 5 .5 6

65 93 .8 3

65 2 .6 0

102 83 .41

98 1.91

153 6 .9 7

579 3 6 83 .41

97 6 7 .7 4

25 7 2 .7 2

2 .6 7 E + 0 7 3 .0 5E + 0 5

1 .2 8E + 07 3 .0 3E + 0 4

2 .4 7 E + 0 7 7 .5 2E + 0 3

9 .1 9E + 0 6 3 .4 2E + 0 3

7 .1 7E + 0 5 *

4 .1 3 E + 0 6 *

1 .6 0E + 09 *

1 .0 9E + 08 *

2 .5 5 E + 0 6 6 .2 9E + 0 2

3 .7 5E + 0 8 *

1 .5 7E + 08 *

1 .6 2E + 07 1 .9 3E + 04

2 .2 7 E + 0 6 6 .7 9E + 0 3

1 .1 7E + 07 *

3 .5 9E + 0 8 *

4 .7 3 E + 0 8 *

3 .7 0E + 0 7 *

7 .9 9E + 0 8 *

2 .5 1 E + 0 7 *

2 .4 2 E + 0 7 *

5 .5 6E + 0 7 *

2 .7 2 E + 0 7 *

4 .8 0 E + 1 0 *

2 .1 3 E + 0 7 *

8 .5 4E + 05 8 .1 1E + 01

3 .0 0E + 0 7 *

9 .7 8E + 0 5 2 .2 4 E + 0 2

4 .8 5 E + 0 6 *

1 .7 1E + 10 *

2 .3 7 E + 0 7 *

3 .5 2E + 0 6 *
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R iver  ba sin s b elow  42 d egrees la titud e

B e a r  C re ek  

A p a la c h ic o la  (U SA )

K lam a th  (U SA )

M ob ile  (U S A )

P o tom ac  (U SA )

S ab in e  (U SA )

S a c ram en to  (U SA )

S a v an n ah  (U SA )

S u sq u e h a n n a  (U SA )

C o n n e c t ic u t  r iv e r  (U S A )

M is so u r i  (U SA )

A rk a n sa s  r iv e r  (U SA )

R ed  r iv e r  (U SA )

A ltam a h a  (U SA )

B a ls a s  (M ex ico )

P a n u c o  (M ex ico )

S u c io  (a . L em p a )  (S a n  S a lv ad o r)

P a z  (S a n  S a lv ad o r)

S an  T ig u e l (o u  M ig u e l)  S an  S a lv ad o r )

P a ra g u a y  (B ré s i l-A rg .-P a ra g u a y )  (a . P a ra n a )  

U ru g u a y  (B ré s i l-A rg .-U ru g u a y )

M ag d a le n a  (C o lom b ie )

R io  N e g ro  (a . A m a zo n e )  (C o lom b .-V e n e z .-B ré s i l)  

P a rn a ib a  (B ré s i l)

M a d e ir a  (a . A m a zo n e )  (B ré s i l-B o liv ie )

O r in o c o  (V én é z u e la -C o lom b ie )

P a ra n a  (B ré s i l-P a ra g u a y -A rg e n tin e )

T ib a g i (B ré s i l)

A m a z o n  (B r. M è re  M a ra n o n )  (P é ro u -B ré s il )  

M a ro n i (G u y a n e -S u r in am )

O y a p o c k  (G u y a n e -B ré s i l)



A verage  r iv er  d ischarge  C a lcu la ted  r iv er  E ffect fa ctor  for

R iv er  len g th  a t th e  m ou th  vo lum e globa l w arm ing

(km ) (km 3 yr_1) (m 3) (PD F 'm 3'°C"1)

4 6 1 .17

180 2 4 .2 4

318 19 .77

72 60 .6 5

29 7 11 .02

564 12 .92

927 3 6 .7 9

45 7 11 .18

514 33 .01

49 7 17 .64

37 6 7 192 .83

2 3 6 4 5 47 .1 4

2 1 8 8 5 22 .0 8

4 4 9 13 .33

706 2 4 .8 5

49 0 17 .15

25 13 .42

134 4 .4 7

145 1 .30

2 5 4 9 5 39 .8 7

1424 181 .85

1271 2 1 8 .3 8

1112 4 0 6 7 .9 5

1192 2 6 .6 2

32 3 9 5010 .21

1970 1 096 .40

2 7 4 8 6 0 1 .8 9

550 11.51

4 3 2 7 63 9 4 .1 5

44 5 5 7 .1 7

291 4 0 .1 7

2 .9 4 E + 0 5 *

1 .7 5E + 07 1 .0 7E + 04

2 .5 7 E + 0 7 2 .2 6E + 0 5

1 .5 9E + 07 *

1 .4 2E + 07 *

3 .1 2E + 0 7 5 .0 5E + 05

1 .3 1E + 08 1 .8 1E + 06

2 .2 2 E + 0 7 *

6 .5 9E + 0 7 *

3 .6 3E + 0 7 *

2 .3 5 E + 0 9 8 .4 2E + 0 6

3 .7 6E + 0 9 3 .2 8E + 0 6

3 .3 3E + 0 9 4 .0 0 E + 0 6

2 .5 5 E + 0 7 9 .5 5E + 03

7 .0 2E + 0 7 1 .3 4E + 06

3 .4 9E + 0 7 6 .7 6E + 0 5

1 .4 3E + 06 7 .8 5E + 0 4

2 .8 6 E + 0 6 1 .5 2E + 05

1 .0 2E + 06 1 .0 7E + 05

4 .0 0 E + 0 9 *

8 .4 3E + 0 8 *

8 .8 7E + 0 8 9 .3 0E + 0 6

1 .0 7E + 10 8 .2 4E + 0 7

1 .2 6E + 08 5 .2 5E + 0 6

3 .7 5E + 1 0 2 .9 3 E + 0 8

5 .8 4E + 0 9 1 .8 5E + 08

4 .7 6 E + 0 9 *

2 .7 4 E + 0 7 1 .6 9E + 04

6 .2 3E + 1 0 6 .1 7E + 0 8

9 .3 4E + 0 7 6 .0 7E + 0 6

4 .4 5 E + 0 7 2 .2 8 E + 0 6

S l l



R iver  ba sin s b elow  42 d egrees la titud e

A p p ro u a g u e  

S in n am a ry  (G u y an e )

K o u ro u  (G u y an e )

V a k h sh  o u  V a ch s  ( fS U ) (a . A m u  D a ry a )

S u rk h a n d a ry a  o u  S u rc h a n d a ry a  ( fSU )

Z e ra v sh a n  (a . S y r  D a ry a )  ( fS U )

N a ry n  (a . S y r  D a ry a )  ( fS U )

T a r im  (C h in e )

M u rg a b  o u  M u rg h a b  o u  M o u rb a b  ( f SU -A fg h a n is ta n )  E ndo  

K ab u l  (a . In d u s )  (A fg h a n is ta n - In d e )

S a lw e en  (T ib e t-C h in e -B irm a n ie -T h a ï)

M ae  K h lo n g  (T h a ïla n d e )

C h ao  P h ry a  (M en am )  (T h a ïla n d e )

M ek o n g  (A s ie  S ud -E s t, In t .)

K e lan i G an g a (S r i  L an k a )

K a lu  G a n g a  (S r i  L an k a )

G in  G a n g a  (S ri  L an k a )

N i lw a la  G a n g a  (S r i  L an k a )

M ah aw e li  G a n g a  (S r i L an k a )

B ra hm ap o u tre  o u  T s a n g p o  ( In d e -B e n g la d e sh -T ib e t)

In d u s  (T ib e t- In d e -P a k is ta n )

G an g e  (In d e )

O b  (fSU )

Y an g z i  J ia n g  (T ib e t-C h in e )

G an d ak i  r iv e r  (a . G an g e )  (n e p a l)

S a k a r ia  (T u rk ey )

R a k a ïa  r iv e r  (N ew -Z e a la n d )

F ly  (N l le -G u in é e )

S e p ik -R am u  (N lle -G u in é e )

K a p u a s  (B o rn é o )

M u rra y -D a r lin g  (A u s tra l ie )



A verage  r iv er  d ischarge  C a lcu la ted  r iv er  E ffect fa ctor  for

R iv er  len g th  a t th e  m ou th  vo lum e globa l w arm ing

(km ) (km 3 yr_1) (m 3) (PD F 'm 3'°C"1)

27 0 10 .68

25 0 12 .16

112 6 .9 0

1976 5 1 .2 9

175 5 4 .5 8

1615 5 9 .2 8

807 16 .27

1227 2 .2 3

850 2 .7 8

700 8 4 .8 0

2 5 7 6 9 8 .5 2

145 2 1 .0 6

710 2 7 .4 8

397 7 4 2 1 .8 0

145 3 .8 5

129 3 .8 5

116 2 .3 8

72 4 .3 2

335 3 .4 4

2 8 9 7 1 186 .94

2 3 8 2 121 .17

2221 39 7 .8 3

39 7 7 41 3 .1 8

63 8 0 9 5 5 .4 0

630 1 186 .94

506 7 .7 8

150 4 .7 4

678 135 .37

285 100 .67

569 174 .16

1767 11 .14

1 .2 6E + 07 5 .9 8E + 05

1 .3 1E + 07 6 .7 8E + 0 5

3 .5 3E + 0 6 1 .7 5E + 05

3 .7 6E + 0 8 *

3 .5 2E + 0 7 *

3 .5 0E + 0 8 *

5 .4 9E + 0 7 *

1 .4 0E + 07 *

1 .1 9E + 07 3 .6 2E + 0 4

2 .0 9 E + 0 8 *

8 .8 0E + 0 8 *

1 .2 4E + 07 *

7 .7 2E + 0 7 *

5 .0 1E + 0 9 *

2 .7 1 E + 0 6 6 .5 5E + 0 3

2 .4 1 E + 0 6 5 .8 2E + 03

1 .4 1E + 06 *

1 .4 9E + 06 3 .1 0E + 0 3

5 .6 6E + 0 6 7 .7 7E + 0 4

9 .2 2E + 0 9 1 .0 6E + 08

9 .8 0E + 0 8 2 .3 4 E + 0 6

2 .6 5 E + 0 9 9 .7 8E + 0 7

4 .9 1 E + 0 9 *

1 .6 7E + 10 *

2 .0 0 E + 0 9 3 .8 7E + 0 7

1 .7 8E + 07 4 .8 2E + 0 5

3 .3 8E + 0 6 *

3 .0 8E + 0 8 4 .3 4 E + 0 6

9 .9 3E + 0 7 1 .7 6E + 06

3 .2 4E + 0 8 *

8 .5 5E + 0 7 2 .8 3 E + 0 6
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R iver  ba sin s b elow  42 d egrees la titud e

Y e llow  (H u a n g  H e , H u an g  H o , C h in a )

Y an g tz e  (C h an g  J ian g , Y a n g tz e  K ian g , C h in a )

X i J ia n g  R iv e r  (P e a rl  R iv e r , C h u  C h ian g , Z h u , S o u th e a s t  C h in a )  

T se n gw en  R iv e r  (S o u thw e s te rn  T a iw an )

T ig r is  (S o u th e a s t  T u rk e y  a n d  I ra q )

T an sh u i  (N o r th e rn  T a iw an )

T an o  (W e s t  A fr ic a )

S a lo um  (W e s t  A fr ic a )

S a in t Jo h n  (W e s t  A fr ic a )

R o k e l R iv e r  (S e li  R iv e r , W e s t  A fr ic a )

P u ru s  (N o r th w e s t  c e n tra l  S o u th  A m e r ic a )

P ra  R iv e r  (W e s t  A fr ic a )

P ilc om ay o  (S o u th  c e n tra l  S o u th  A m e r ic a )

P a ra -T o c a n tin s  (B ra z i l)

O ra n g e  (S o u th  A fr ic a )

O m b ro n e  (T u sc an y , W e s te rn  I ta ly )

O k av a n g o  (S o u th w e s t  c e n tra l A fr ic a )

M a ra n o n  (P e ru )

L it t le  S c a rc ie s  (W e s t  A fr ic a )

K w an d o  R iv e r  (S o u th w e s t  A f r ic a /N am ib ia )

K u ra  (R u s s ia  a n d  T u rk ey )

K r is h n a  (K a rn a ta k a , In d ia )

K o g o n  (G u in e a , W e s t  A fr ic a )

K ao p in g  R iv e r  (S o u th e rn  T a iw a n )

I r raw ad d y  R iv e r  (I raw ad i, C e n tra l  M y a nm a r  B u rm a )

G o d a v a r i  (C en tra l  In d ia )

G é b a  (G u in e a  B is sa u , W e s t  A fr ic a )

G a n g e s  (G an g a , N o r th  a n d  n o r th e a s t  In d ia n  su b c o n tin e n t)

F a ta la  (W e s t  A fr ic a )

E u p h ra te s  (F i r a tN e h r i ,  A l-F u ra t,  S o u thw e s t  A s ia )

E rh je n  R iv e r  (S o u th e rn  R iv e r )



A verage  r iv er  d ischarge  C a lcu la ted  r iv er  E ffect fa ctor  for

R iv er  len g th  a t th e  m ou th  vo lum e globa l w arm ing

(km ) (km 3 yr_1) (m 3) (PD F 'm 3'°C"1)

4 1 6 8 56 .53

4 7 3 4 9 5 5 .9 4

1696 27 0 .5 2

130 1 .29

1950 34 .4 3

32 8 2 .4 7

40 0 4 .5 2

105 0 .5 3

616 2 5 .0 2

386 13 .16

33 7 9 2 8 8 8 .5 8

245 7 .1 4

2 5 0 0 8 6 .5 0

2 2 3 4 37 6 .4 0

1840 8 .4 4

130 1 .56

1600 2 3 .7 8

1415 5 .3 7

28 0 14 .87

731 3 4 .0 9

796 2 2 .0 0

1091 107 .26

25 6 10 .75

171 4 .2 9

1781 564 .35

950 107 .26

547 3 .9 5

2221 1045 .01

205 13 .09

2 2 8 9 19 .60

36 4 .2 9

8 .6 6E + 0 8 *

1 .2 4E + 10 *

1 .4 3E + 09 *

9 .1 2E + 0 5 1 .4 2E + 03

2 .6 0 E + 0 8 4 .9 7 E + 0 6

4 .1 2 E + 0 6 *

8 .6 3E + 0 6 1 .7 7E + 04

3 .3 0E + 0 5 2 .4 8 E + 0 4

6 .1 6E + 0 7 *

2 .1 7 E + 0 7 2 .3 4E + 0 5

2 .3 9 E + 1 0 1 .1 4E + 08

7 .9 6E + 0 6 2 .3 8 E + 0 4

7 .6 0E + 0 8 1 .1 4E + 06

2 .5 4 E + 0 9 4 .6 7E + 0 7

6 .9 5E + 0 7 3 .4 0E + 0 6

1 .0 8E + 06 5 .2 0E + 03

1 .5 3E + 08 6 .2 9E + 0 6

3 .5 6E + 0 7 1 .0 9E + 05

1 .7 6E + 07 2 .5 3E + 0 5

9 .6 5E + 0 7 8 .2 5E + 0 6

7 .0 9E + 0 7 4 .6 3E + 0 5

4 .0 2 E + 0 8 3 .4 4E + 0 6

1 .2 2E + 07 2 .0 1E + 0 5

3 .5 2E + 0 6 1 .2 8E + 04

2 .9 1 E + 0 9 *

3 .5 0E + 0 8 2 .9 9 E + 0 6

1 .0 4E + 07 4 .0 4E + 0 5

6 .3 0E + 0 9 8 .3 1E + 0 7

1 .1 5E + 07 1 .8 3E + 05

1 .8 4E + 08 4 .4 2E + 0 6

7 .4 0E + 0 5 5 .3 4E + 03
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R iver  ba sin s b elow  42 d egrees la titud e

A verage  r iv er  d ischarge  C a lcu la ted  r iv er  E ffect fa ctor  for

R iver  len g th  a t th e  m ou th  vo lum e glob a l w a rm in g

(km ) (km 3 yr-1) (m 3)  (P D F m 3 ^ 1)

C ho b e  R iv e r  (S o u th w e s t  A f r ic a /N am ib ia ) 1500 34 .0 9 1 .9 8E + 08 1 .6 9E + 07

C h itta r  (T am il N a d u , In d ia ) 80 0 .0 0 2 .1 3E + 0 3 6 .2 2E + 01

C a u v e ry  (K a rn a ta k a , In d ia ) 627 7 .5 9 2 .1 5 E + 0 7 1 .3 1E + 06

C a sam an c e  (W e s t  A fr ic a )

B ra hm a p u tra  (D y a rd an e s , O e d an e s , T sa n g p o , Z a n g b o , T ib e t,  C h in a , N E  In d ia  a n d

320 3 .4 9 5 .4 7E + 0 6 2 .8 3E + 0 5

B an g la d e sh ) 2 9 4 8 1045 .48 8 .3 7E + 0 9 1 .1 0E + 08

A ra g u a ia  (A ra g u ay a , C e n tra l B ra z il)

A th i-G a la n a -S a b a k i  R iv e r  D ra in ag e  S y s tem  (K en y a , f rom  N a iro b i  e a s tw a rd  to

2 6 2 7 183 .47 1 .5 7E + 09 2 .3 2 E + 0 7

M om b a sa ) 962 3 .9 9 1 .8 5E + 07 3 .1 8E + 0 4

130

131 T ab le  S3 . R iver characteristics for 83 river basins above 42  degrees latitude (1 - 6) and river-specific  e ffec t factor for g loba l warming.

132 * - R iver basins w ith  increased discharge.

133

A v e r a g e  r iv e r  d is c h a r g e  C a lc u la ted  r iv e r  E f fe c t  fa c to r  fo r

R iv e r  le n g th  a t  th e  m o u th  v o lu m e  glo b a l  w a rm in g

R iv e r  b a s in  a b o v e  4 2  d e g r e e s  la t itu d e  (km )  (km 3'y r_1)  (m 3)  (P D F 'm 3'°C '1)

S c o r f f  (a . B la v e t)  (F ra n c e ) 75 1 .9098 7 .4 7E + 05 *

S e in e  (F ra n c e ) 451 17 .124 3 .2 1 E + 0 7 *

L o t (a . G a ro n n e )  (F ra n c e ) 481 19 .359 3 .8 2 E + 0 7 2 .3 3E + 0 5

G a ro n n e  (F ra n c e -E sp a g n e ) 4 8 4 2 1 .0 9 8 4 .1 5 E + 0 7 2 .7 2E + 0 5

D o rd o g n e  (a . G a ro n n e ) 483 3 0 .9 2 9 5 .8 4E + 07 3 .2 6E + 0 5

P o  ( I ta lie ) 500 5 2 .0 4 8 9 .6 4 E + 0 7 3 .7 1E + 0 5

R h in  (S u is s e -A ll .-N e th .) 1018 7 9 .7 4 8 2 .8 8 E + 0 8 1 .9 7E + 05

M eu se  (F ra n c e -B e lg .-N L ) 565 12 .816 3 .1 0 E + 0 7 *

N id a  (a . V is tu le )  (P o l.) 151 3 5 .9 2 7 2 .0 9 E + 0 7 9 .0 2E + 0 3

P i l ic a  (a . V is tu le )  (P o l .) 319 18 .886 2 .4 8 E + 0 7 6 .3 6E + 0 4

W a r ta  (a . O d e r)  (P o l.) 808 19 .755 6 .5 4 E + 0 7 9 .2 1E + 0 4
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R iver  b a sin  above 42  d egrees la titud e

L y n a  o u  L a v a  (P o l.)

B z u ra  (a . V is tu le )  (P o l.)

R a b a  (P o l.)

V is tu la  (P o l.)

M o ra v a  (a . D a n u b e )  (T c h .-A u tr ic h e )  

V o lg a  ( fS U )

D an u b e  ( In t.)

L o ire  (F ra n c e )

Y è r re s  (a . S e in e )

Y o n n e  (a . S e in e )  (F ra n c e )

T o u q u e s  (F ra n c e )

D iv e s  (F ra n c e )

V ire  (F ra n c e )

D o u b s  ( s .a. R h ô n e )  (a . S aô n e )  (F ra n c e )  

G u d e n a  (D an em a rk )

W y e  (S e v e rn  e s tu a ry )  (W a le s )

T e e s  (B r i ta in )

G lam a  (N o rv è g e )

D u n a je c  (a . V is tu le )  (P o lo g n e -S lo v a q u ie )  

H é ra u l t  (F ra n c e )

O rb  (F ra n c e )

T a rn  (a . G a ro n n e )

A ll ie r  (a . L o ire )  (F ra n c e )

A in  (a . R h o n e )

Isè re  (a . R h o n e )

S o rg u e s  (s . a. R h o n e )

A rd è c h e  (a . R h o n e )

C è z e  (a . R h o n e )

G a rd  (a . R h o n e )

R h o n e  (F ra n c e -S u is s e )

S a ô n e  (a . R h o n e )



26 4

166

137 .4

1014

354

278 5

2222

839

6
29 2

104

105

128

45 3

158

29 7

132

49 0

251

148

136

381

421

190

28 6

4 6 .4

125

128

133

63 7

473

A verage  r iv er  d ischarge  C a lcu la ted  r iv er  E ffect fa c tor  fo r

at th e  m ou th  vo lum e globa l w arm ing

( k m V 1) (m 3) (PD F -m 3-°C 1)

4 .5 9 9 5 .7 8E + 06 *

3 0 .8 3 2 2 9 2 .0 0E + 0 7 1 .3 7E + 04

7 .4 8 4 4 .6 6E + 0 6 2 .2 8 E + 0 4

3 5 .9 2 7 1 .4 0E + 08 6 .0 6E + 0 4

6 5 .8 7 8 8 .4 3E + 07 2 .1 3E + 0 5

2 3 4 .3 3 2 .0 7 E + 0 9 1 .5 0E + 06

2 1 8 .5 1 7 1 .5 5E + 09 1 .6 5E + 07

3 1 .7 1 4 1 .0 4E + 08 *

8 .385 2 .2 5E + 0 5 *

4 .6 0 5 6 .4 0E + 0 6 *

1 .4128 7 .9 1E + 05 *

2 .0 2 1 .1 0E + 06 *

0 .5 4 6 7 4 .1 6E + 0 5 *

14 .108 2 .7 1 E + 0 7 1 .1 7E + 04

1 .4956 1 .2 6E + 06 2 .3 3 E + 0 4

5 .6 79 7 .8 6E + 0 6 *

2 .2 2 3 1 .5 1E + 06 *

2 1 .9 3 5 4 .3 6E + 0 7 *

7 .4 8 4 8 .5 1E + 06 4 .1 7 E + 0 4

3 .1 5 4 2 .3 1E + 0 6 5 .7 6E + 03

3 .1 5 4 2 .1 2E + 0 6 5 .2 9E + 03

4 .1 0 6 7 .5 4E + 0 6 2 .1 8 E + 0 4

9 .7 6 8 1 .8 1E + 07 7 .4 3E + 0 3

15 .143 1 .2 1E + 07 3 .2 1E + 0 4

4 5 .6 61 4 .9 1E + 0 7 9 .8 2E + 0 4

4 8 .3 8 9 8 .3 8E + 06 1 .5 6E + 04

4 8 .3 8 9 2 .2 6E + 0 7 4 .2 1 E + 0 4

4 8 .3 8 9 2 .3 1E + 0 7 4 .3 1 E + 0 4

5 4 .3 7 4 2 .6 7E + 0 7 5 .5 0E + 0 4

54 .3 3 7 7 1 .2 8E + 08 2 .6 5E + 0 5

3 2 .6 0 8 6 .0 0E + 0 7 8 .8 1E + 0 4



R iver  b a sin  above 42  d egrees la titud e

D u ra n c e  (a . R h ô n e )

A rv e  (a . R h ô n e )

F ie r  (a . R h ô n e )

B o u rb re  (a . R h ô n e )

E y r ie u x  (a . R h ô n e )

D rôm e  (a . R h ô n e )

W illam e tte  (a . C o lum b ia )  (U SA ) 

S t  L a u re n t  (C an ad a )

M o is ie  r iv e r  (C a n a d a )  

G a n a ra s k a  (C an ad a )

H um b e r  (C an ad a )

C re d it  (C a n a d a )

A u  S ab le  (C a n a d a )

M a itla n d  (C a n a d a )

S a u g e e n  (C a n a d a )

S o u th  N a t io n  (C a n a d a )  

M a c k e n z ie  (C a n ad a )

Y u k o n  (C a n a d a -U .S .A .)

A m u  D a ry a  (fSU )

S y r  D a ry a  (fiSU)

T a la s  ( fS U )

C h u  o u  T c h o u  (fiSU )

Ili (C h in e - fS U )  (L ac  B a lk h a c h )  

L é n a  (fSU )

A m o u r  ( fS U -C h in e )

D v in a  (e x -fS U )

N e v a  (e x -fS U )

D n ie p r  (e x -fS U )

D o n  ( e x -fS U )

A n a d ir  (e x -fS U )

K am tc h a tk a  (e x -fS U )



324

102

7 1 .9

7 2 .2

83

110

301

3175

343

6 740 (

100

1500

24 0

150

160

175

36 7 9

2 7 1 6

1976

1615

661

1067

1400

4 3 8 7

5061

1441

911

1544

1401

1150

626

A verage  r iv er  d ischarge  C a lcu la ted  r iv er  E ffect fa c tor  fo r

at th e  m ou th  vo lum e globa l w arm ing

( k m V 1) (m 3) (PD F -m 3-°C 1)

5 4 .3 7 4 6 .5 0E + 0 7

9 .2 8 2 4 .1 9E + 0 6

11 .742 3 .6 5E + 0 6

15 .143 4 .6 0E + 0 6

4 5 .6 61 1 .4 2E + 07

45 .661 1 .8 9E + 07

2 1 6 .6 6 4 2 .0 8E + 0 8

3 6 6 .7 8 4 3 .5 3E + 0 9

14 .071 2 .0 5E + 0 7

2 0 0 .5 4 7 3 .2 1E + 0 7

1 .826 9 .5 7E + 05

1 .164 9 .5 9E + 0 6

0 .8 9 5 4 1 .2 1E + 06

2 .0 8 3 1 .6 2E + 06

2 .9 2 7 2 .3 4E + 0 6

5 3 .0 9 2 3 .4 4E + 0 7

2 6 7 .2 9 5 3 .0 8E + 0 9

187 .1 87 1 .6 5E + 09

5 0 .2 5 7 3 .6 9E + 0 8

2 1 .3 2 6 1 .4 0E + 08

3 .9 3 8 1 .2 6E + 07

3 .9 95 2 .0 6 E + 0 7

4 .1 8 5 5 2 .8 2E + 0 7

54 0 .0 0 7 6 .8 9E + 0 9

3 3 0 .4 5 4 5 .1 2E + 09

10 1 .2 3 8 7 7 5 .0 5E + 08

3 .3 8 6 1 4 1 .5 2E + 07

4 8 .1 8 5 1 2 2 .7 8E + 0 8

29 .6 6 6 1 1 .6 3E + 08

3 2 .1 7 7 4 3 1 .4 4E + 08

28 .8 8 5 0 1 7 .1 2E + 0 7

1 .3 4E + 05

2 .0 8 E + 0 4

1 .2 4E + 04

1 .2 2E + 04

2 .8 5 E + 0 4

3 .7 8E + 0 4

*

*

*

2 .6 0 E + 0 4

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

2 .4 2 E + 0 6

2 .2 7E + 0 5

*

*



R iver  b a sin  above 42  d egrees la titud e

Y uk o n

Y e n is e i-A n g a ra  (Y en isey , E n is e i,  R u ss ia )

U ra l  (R u ss ia )

O b -I r ty sh

N e ls o n -S a sk a tc h ew a n  

L e n a  (E a s t  c e n tra l  R u ss ia )

K o lym a  (R u s s ia )

D n e p e r  (W e s t  a n d  so u thw e s t  R u ss ia )

A m u r  (H e i- lu n g  c h ia n g , N o r th e a s t  A s ia

A m u d a r 'y a  (O x u s , Ja y h u n , A m y ; A m y d e ry a ;  D a r 'y o i A m u ; J a ih u n , C e n tra l  a n d  w e s t 

A s ia )



( k m )

2 7 1 6

480 3

1411

39 7 7

204 5

4 3 8 7

2091

1544

5061

1976

A verage  r iv er  d ischarge  C a lcu la ted  r iv er  E ffect fa c tor  fo r

at th e  m ou th  vo lum e globa l w arm ing

( k m V 1) (m 3) (PD F -m 3-°C 1)

18 7 .2 0 1 4 2 1 .6 5E + 09 *

5 9 7 .3 0 8 2 9 8 .2 6E + 09 *

9 .5 0 9 5 .9 3E + 07 7 .1 5E + 0 4

4 1 3 .1 8 3 4 .9 1E + 0 9 *

7 8 .7 1 3 5 .7 1E + 08 *

53 9 .9 1 8 6 .8 9E + 0 9 *

115 .24 8 .2 2E + 08 *

4 8 .1 8 5 2 .7 8E + 0 8 2 .4 2 E + 0 6

3 3 0 .4 5 4 5 .1 2E + 09 *

5 0 .2 5 7 3 .6 9E + 0 8 *



134 T ab le  S4 . Characterization factors, water consumption and normalization factors for water

135 consumption. Characterization factors were calculated  for 214  river basins. The data for water

136 consumption, representative for the year 1995, w ere available for 112 river basins (2 , 10, 11).

C h a ra c te r iz a t io n  fa c to r  W a te r  c o n sum p t io n  N o rm a liz a t io n

R iv e r  b a s in  ( P D F m 3 y r m -3)  1 9 9 5  fa c to r  

_________________________________________________________ (m 3 y r -1)___________ ( P D F m 3)

N il  (A f., in t.) 8 .4 2E -0 3 5 .4 1E + 0 9 4 .5 6E + 0 7

S en eg a l (G u in é e -S é n é g a l) 2 .9 6 E -0 3 4 .3 4 E + 0 8 1 .2 8E + 06

G am b ia  (G u in é e -G am b ie ) 1 .36E -03 1 .4 6E + 08 1 .9 9E + 05

T om in é  o u  R io  C o ru b a l  (G u in é e -G u in e é  B is sa u ) 7 .6 7 E -0 4 7 .7 5E + 0 7 5 .9 4E + 0 4

K o n k o u ré  (G u in é e ) 5 .1 8E -0 4 3 .3 4E + 0 7 1 .7 3E + 04

K o le n té  (G u in é e , G re a t  S c a rc ie s ) 3 .7 9 E -0 4

Jong  (S ie r r a  L eo n e ) 4 .1 2 E -0 4

S ew a  (S ie r ra  L eo n e ) 3 .9 8E -0 4 1 .0 1E + 07 4 .0 4E + 0 3

M o a  (G u in é e -S ie r ra  L eo n e ) 6 .7 6 E -0 4 2 .8 0 E + 0 7 1 .8 9E + 04

M an o  (L ib é r ia ) 4 .8 2 E -0 4 5 .4 3E + 06 2 .6 1E + 0 3

L o f fa  (G u in é e -L ib é r ia ) 5 .8 5E -0 4 3 .4 7E + 0 6 2 .0 3E + 0 3

S t P a u l  (L ib é r ia ) 6 .3 0 E -0 4 3 .5 2E + 07 2 .2 2 E + 0 4

N ip o u é  (C ess , L ib é r ia -R C I) 5 .5 3E -0 4

C a v a l ly  (L ib é r ia -R C I) 6 .0 4E -0 4 1 .2 4E + 07 7 .4 8E + 0 3

D odo  ( a k a  D éo )  (R C I) 1 .46E -0 4

S an  P é d ro  (R C I) 3 .9 1E -0 4 2 .3 9 E + 0 6 9 .3 3E + 0 2

S a s s a n d ra  (R C I) 8 .9 1E -0 4 6 .5 8E + 0 7 5 .8 6E + 04

N 'Z o  (a . S a ss an d ra )  (R C I) 4 .8 1 E -0 4

B o u b o  (R C I) 2 .6 2 E -0 4

B an d am a  (R C I) 1 .11E -03 8 .8 8E + 07 9 .9 0E + 0 4

Y an i (s .a . B a n d am a )  (R C I) 2 .6 8 E -0 4

M a rah o u é  (a . B a n d am a )  (R C I) 4 .2 7 E -0 4

N 'Z i  (a . B a n d am a )  (R C I) 8 .6 3E -0 4

K an  (s .a . B a n d am a )  (R C I) 1 .01E -03

A g n é b i  (R C I) 5 .6 4E -0 4

C om o é  (R C I-B u rk in a ) 1 .39E -03 6 .8 4E + 07 9 .5 3E + 0 4

B ia  (R C I-G h a n a ) 4 .9 9 E -0 4 1 .7 6E + 07 8 .7 6E + 03

V o lta  (G h a n a -B u rk in a ) 2 .0 2 E -0 3 4 .3 4 E + 0 8 8 .7 9E + 05

B la c k  V o lta  (B u rk in a -G h a n a )  (a . V o lta ) 2 .4 3 E -0 3

N a s ia  (a . W h ite  V o lta )  (G h an a ) 3 .9 1 E -0 4

D ak a  (a . V o lta )  (G h an a ) 1 .72E -0 4

M ono  (T o g o ) 8 .0 8E -0 4 2 .7 5 E + 0 7 2 .2 2 E + 0 4

O u ém é  (B én in ) 8 .8 6E -0 4 6 .1 9E + 0 7 5 .4 8E + 04

O g u n  (N ig é ria ) 7 .6 2 E -0 4 1 .1 7E + 08 8 .8 9E + 0 4

N ig e r  (A fr . In t .) 5 .5 9E -0 3 7 .8 4 E + 0 8 4 .3 8 E + 0 6

N ia n d a n  (G u in é e )  (a . N ig e r ) 5 .6 6E -0 4

B én o u é  (N ig é r ia -C am e ro u n )  (a . N ig e r ) 2 .0 2 E -0 3

S o k o to  (a. N ig e r )  (N ig e ria ) 4 .3 3 E -0 4

C ro s s  (N ig é r ia -C am e ro u n ) 7 .0 1E -0 4 1 .7 3E + 08 1 .2 1E + 05

M un g o  (C am e ro u n ) 2 .3 3 E -0 5 1 .1 3E + 07 2 .6 3 E + 0 2

D ib am b a  (C am e ro u n ) 2 .4 7 E -0 4

W ou r i  (C am e ro u n ) 2 .6 4 E -0 4 2 .4 7E + 0 7 6 .5 2E + 0 3

S an ag a  (C am e ro u n ) 1 .17E -03 1 .3 3E + 08 1 .5 5E + 05

N y o n g  (C am e ro u n ) 6 .5 1E -0 4 2 .6 6E + 0 7 1 .7 3E + 04

L o k o u n d jé  (C am e ro u n ) 3 .6 7E -0 4 4 .3 4E + 0 5 1 .5 9E + 02
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R iver  basin

C haracter iza tion  fa ctor

(P D F m 3 y r m -3)

W a te r  c o n sum p t io n  

19 9 5  

(m 3 y r -1)

N o rm a liz a t io n

fa c to r

( P D F m 3)

K rib i o u  K ie n k é  (C am e ro u n )

L o b é  (C am e ro u n )

N tem  (C am e ro u n -G a b o n -G u in é e  é q u a t.)  

O g ô o u é  (G a b o n )

N ia r i-K o u ilo u  (C o n g o )

Z a ïre  (A fr .,  In t .)

C u n e n e  o u  K u n e n e  (N am ib ie -A n g o la )

K a s a ï  (a . Z a ïre )  (Z a ïre -A n g o la )

C h a r i  (L a c  T ch a d )

U b a n g i  (a . Z a ïre )  (C o n g o -R C A )

Z am b e z i  (M o z am b iq u e -Z am b ie -A n g o la )

T a n a  (K é n y a )

R u f i ji  (T an z a n ie )

L im p o p o  (B o tsw a n a -M o z am b .-R h o d é s ie -R S A )  

P o n g o lo  o u  M a p u to  (R C A -M o z am b iq u e )

S h ire  (a . ) (M a law i-M o z am b iq u e )

K a fu e  (a . Z am b è z e )  (Z am b ie )

R u a h a  (a . R u f i ji )  (T an z a n ie )

E v ro s -M a r iç a  (G rè c e -T u rq u ie -B u lg a r ie )  

N e s ta -N e s to s  (G rè c e -B u lg a r ie )  

S trym o n -S tro um a  (G rè c e -B u lg a r ie )

A g ly  (F ra n c e )

M in h o  (P o r tu g a l-E sp a g n e )

L im a  (P o r tu g a l)

C a v a d o  (P o r tu g a l)

D o u ro  (P o r tu g a l-E sp .)

V o u g a  (P o r tu g a l)

M o n d eg o  (P o r tu g a l)

S ad o  (P o r tu g a l)

M ira  (P o r tu g a l)

G u a d ia n a  (P o r tu g a l-E sp .)

R a is in  (C a n ad a )

S y d en h am  (C a n a d a )

G ra n d  r iv e r  (C an ad a )

T h am e s  (C a n a d a )

M iss is s ip i  (U S A )

R io  G ra n d e  (U S A -M ex iq u e )

P e c o s  (a . R io  G ra n d e )

C a n a d ia n  (s . a . M is s is s ip i)  (U SA )

C o lo ra d o  (U S A -M ex iq u e )

S an  J u a n  (a . C o lo ra d o )  (U S A )

Z u n i (s . a. C o lo ra d o )  (a . L it t le  C o lo ra d o )

S an  F ra n c is c o  (a . G ila )  (U SA )

G ila  (a . C o lo ra d o )

O h io  r iv e r  (a . M is s is s ip i)

S c io to  R iv e r  (a . O h io )

B ig  D a rb y  C re e k  (s . a . O h io )  (a . S c io to )  

W ab a sh  R iv e r  (a . O h io )

L it t le  W ab a sh  R iv e r  (a . W ab a sh )

E m b a r ra s  R iv e r  (a . W ab a sh )

S t J o s e p h  R iv e r  (s .a . W ab a sh )

E lk  r iv e r  (s . a . O h io )  (a . K a n aw h a )

1 .9 8E -0 4

1 .59E -04

5 .8 5E -0 4 9 .4 8E + 0 6 5 .5 4E + 03

1 .08E -03 4 .3 3 E + 0 7 4 .6 8 E + 0 4

7 .5 9E -0 4 4 .2 0 E + 0 6 3 .1 9E + 0 3

4 .5 9E -0 3

1 .48E -03 7 .8 1 E + 0 7 1 .1 5E + 05

2 .4 9E -0 3 5 .5 5E + 07 1 .3 8E + 05

2 .7 7E -0 3 5 .0 9E + 08 1 .4 1E + 06

3 .0 0E -0 3

3 .6 6 E -0 3 8 .0 0E + 0 8 2 .9 3 E + 0 6

1 .22E -03 2 .4 6 E + 0 8 3 .0 0E + 0 5

1 .27E -03 6 .8 4E + 0 7 8 .6 7E + 0 4

3 .2 0E -0 3 2 .8 2 E + 0 9 9 .0 2E + 0 6

6 .5 9E -0 4 1 .7 7E + 08 1 .1 7E + 05

1 .63E -03

1 .59E -03

7 .4 4E -0 4

7 .2 2E -0 4 2 .8 3 E + 0 9 2 .0 4 E + 0 6

4 .8 0E -0 4 2 .0 3E + 0 8 9 .7 2E + 0 4

7 .6 5E -0 4 8 .2 0E + 0 8 6 .2 7E + 0 5

1 .77E -04

6 .0 8E -0 4 2 .8 6E + 0 8 1 .7 4E + 05

2 .1 3E -0 4

2 .6 7 E -0 4 8 .8 9E + 0 7 2 .3 7 E + 0 4

8 .9 5E -0 4 3 .4 7E + 0 9 3 .1 1E + 0 6

3 .1 3E -0 4 6 .1 0E + 0 7 1 .9 1E + 04

4 .7 0E -0 4 1 .4 5E + 08 6 .8 3E + 0 4

3 .8 1E -0 4 1 .2 3E + 08 4 .7 0 E + 0 4

3 .6 3E -0 4 9 .7 4E + 0 6 3 .5 3E + 0 3

1 .38E -03 1 .9 7E + 09 2 .7 2 E + 0 6

2 .8 3 E -0 4

2 .1 7 E -0 4

3 .6 2E -0 4

5 .1 1E -0 4

4 .8 8 E -0 3 3 .9 2E + 0 9 1 .9 1E + 07

3 .9 9E -0 3 5 .2 8E + 09 2 .1 1E + 0 7

2 .7 4E -0 3

2 .3 3 E -0 3

3 .7 9E -0 3 4 .0 8 E + 0 9 1 .5 4E + 07

6 .2 9E -0 4

2 .4 4 E -0 4

6 .8 5E -0 3 1 .6 8E + 09 1 .1 5E + 07

2 .4 2E -0 3

2 .6 6 E -0 3 9 .7 7E + 0 9 2 .6 0 E + 0 7

5 .2 5E -0 4

2 .6 2 E -0 4

1 .02E -03

4 .2 6 E -0 4

5 .1 1E -0 4

3 .2 0E -0 4

4 .8 9 E -0 4
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R iver  basin

C haracter iza tion  fa ctor

(P D F m 3 y r m -3)

W a te r  c o n sum p t io n  

19 9 5  

(m 3 y r -1)

N o rm a liz a t io n

fa c to r

( P D F m 3)

C um b e r la n d  r iv e r  (a . O h io )

G re e n  r iv e r  (a . O h io )

K a n aw h a  r iv e r  (a . O h io )

T en n e s s e e  R iv e r  (a . O h io )

M u sk in g um  R iv e r  (s .a . O h io )  (a . A lle g h e n y )  

A lle g h e n y  r iv e r  (a . O h io )

L it t le  M iam i r iv e r  (a . O h io )

H o c k in g  r iv e r  (a . O h io )

K in n ic o n ic k  r iv e r  (a . O h io )

L ic k in g  R iv e r  (a . O h io )

L it t le  S c io to  r iv e r  (a . O h io )

O h io  B ru sh  C re e k  (a . O h io )

O le n ta n g y  R iv e r  (a . L it t le  S c io to )

P a in t  C re e k  (a . S c io to  r iv e r )

S c io to  B ru sh  C re e k  (a . S c io to )

S ym m es  R iv e r  (a . O h io )

T y g a r t  C re e k  (a . O h io )

B e a r  C re ek  

A p a la c h ic o la  (U SA )

K lam a th  (U SA )

M o b ile  (U SA )

P o tom ac  (U SA )

S ab in e  (U SA )

S a c ram en to  (U S A )

S a v an n ah  (U SA )

S u sq u e h a n n a  (U SA )

C o n n e c t ic u t  r iv e r  (U SA )

M is so u r i  (U SA )

A rk a n sa s  r iv e r  (U SA )

R ed  r iv e r  (U SA )

A ltam a h a  (U SA )

B a ls a s  (M ex ico )

P a n u c o  (M ex ico )

S u c io  (a . L em p a )  (S a n  S a lv ad o r)

P a z  (S a n  S a lv ad o r)

S an  T ig u e l (o u  M ig u e l)  S an  S a lv ad o r )

P a ra g u a y  (B ré s i l-A rg .-P a ra g u a y )  (a . P a ra n a )  

U ru g u a y  (B ré s i l-A rg .-U ru g u a y )

M ag d a le n a  (C o lom b ie )

R io  N e g ro  (a . A m a zo n e )  (C o lom b .-V e n e z .-B ré s i l )  

P a rn a ib a  (B ré s i l)

M ad e ira  (a . A m a zo n e )  (B ré s i l-B o liv ie )

O r in o c o  (V én é z u e la -C o lom b ie )

P a ra n a  (B ré s i l-P a ra g u a y -A rg e n tin e )

T ib a g i  (B re s i l)

A m a zo n  (B r. M è re  M a ra n o n )  (P é ro u -B ré s il)  

M a ro n i (G u y a n e -S u r in am )

O y a p o ck  (G u y a n e -B ré s i l)

A p p ro u a g u e  

S in n am a ry  (G u y an e )

K o u ro u  (G u y an e )

V a k h sh  o u  V a ch s  ( fS U )  (a . A m u  D a ry a )

1 .54E -03

1 .60E -03

2 .2 6 E -0 4

1 .33E -03

2 .7 5 E -0 4

9 .1 4E -0 4

2 .3 7 E -0 4

2 .2 9 E -0 4

2 .2 4E -01

9 .0 6E -0 5

1 .31E -04

1 .44E -04

2 .0 5 E -0 4

2 .7 8 E -0 4

8 .1 8E -0 2

1 .40E -04

5 .1 7E -0 4

1 .01E -04 1 .4 3E + 09 1 .4 4E + 05

2 .8 9 E -0 4 1 .4 8E + 09 4 .2 8E + 0 5

5 .2 1E -0 4 3 .1 8E + 0 8 1 .6 5E + 05

1 .05E -04 1 .1 8E + 09 1 .2 4E + 05

5 .1 7E -0 4 1 .5 6E + 09 8 .0 6E + 0 5

9 .6 6E -0 4 3 .2 4E + 0 8 3 .1 3E + 0 5

1 .42E -03 1 .0 8E + 10 1 .5 4E + 07

7 .9 4E -0 4 4 .3 1 E + 0 8 3 .4 2E + 0 5

7 .9 9E -0 4 1 .9 4E + 09 1 .5 5E + 06

8 .2 4E -0 4 1 .1 1E + 09 9 .1 1E + 0 5

4 .8 8E -0 3 4 .7 3 E + 0 9 2 .3 1 E + 0 7

2 .7 5E -0 3

2 .5 5 E -0 3

7 .6 6E -0 4 4 .3 3E + 0 8 3 .3 2E + 0 5

1 .13E -03 1 .3 7E + 09 1 .5 5E + 06

8 .1 5E -0 4 1 .0 4E + 09 8 .5 1E + 05

4 .2 6E -0 5 4 .5 1 E + 0 7 1 .9 2E + 03

2 .5 6E -0 4 6 .2 0E + 0 6 1 .5 9E + 03

3 .1 5E -0 4 9 .0 0E + 0 6 2 .8 3 E + 0 3

2 .9 7E -0 3 2 .4 3 E + 0 9 7 .2 2E + 0 6

1 .85E -03 1 .4 9E + 09 2 .7 7 E + 0 6

1 .62E -03 1 .8 4E + 09 2 .9 8 E + 0 6

1 .05E -03 3 .3 8E + 0 6 3 .5 4E + 0 3

1 .89E -03

2 .9 9 E -0 3 3 .8 4 E + 0 7 1 .1 5E + 05

2 .1 3E -0 3 1 .1 2E + 09 2 .4 0 E + 0 6

3 .1 6E -0 3 2 .0 5 E + 0 9 6 .5 0E + 0 6

9 .5 3E -0 4 1 .3 0E + 08 1 .2 3E + 05

3 .9 0E -0 3 5 .4 3E + 0 6 2 .1 2 E + 0 4

6 .5 3E -0 4 6 .4 9E + 0 6 4 .2 4E + 0 3

4 .4 3E -0 4 1 .1 6E + 06 5 .1 4E + 0 2

4 .7 1E -0 4 1 .0 0E + 06 4 .7 2E + 0 2

4 .3 1E -0 4 6 .8 6E + 05 2 .9 5 E + 0 2

2 .0 5 E -0 4 4 .2 2E + 0 5 8 .6 3E + 01

2 .9 3 E -0 3
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R iver  basin

C h a ra c te r iz a t io n  fa c to r  W a te r  c o n sum p t io n  N o rm a liz a t io n  

( P D F m 3 y r m -3)  1 9 9 5  fa c to r  

________________________________(m 3 y r -1)___________ ( P D F m 3)

S u rk h a n d a ry a  o u  S u rc h a n d a ry a  (fSU )

Z e ra v sh a n  (a . S y r  D a ry a )  (fSU )

N a ry n  (a . S y r  D a ry a )  ( fS U )

T a r im  (C h in e )

M u rg a b  o u  M u rg h a b  o u  M o u rb a b  ( fS U -A fg h a n is ta n )  

E ndo

K ab u l (a . In d u s )  (A fg h a n is ta n - In d e )

S a lw een  (T ib e t-C h in e -B irm a n ie -T h a ï)

M ae  K h lo n g  (T h a ïla n d e )

C h a o  P h ry a  (M en am )  (T h a ïla n d e )

M ek o n g  (A s ie  S ud -E s t, In t .)

K e la n i G a n g a (S r i  L an k a )

K a lu  G a n g a  (S ri  L an k a )

G in  G a n g a  (S ri L an k a )

N ilw a la  G a n g a  (S r i L an k a )

M ah aw e li  G a n g a  (S r i  L an k a )

B ra hm ap o u tre  o u  T s a n g p o  ( In d e -B e n g la d e sh -T ib e t)  

In d u s  (T ib e t- In d e -P a k is ta n )

G a n g e  ( In d e )

O b  (fSU )

Y a n g z i  J ia n g  (T ib e t-C h in e )

G an d ak i  r iv e r  (a . G a n g e )  (n e p a l)

S a k a r ia  (T u rk ey )

R ak a ïa  r iv e r  (N ew -Z e a la n d )

F ly  (N lle -G u in é e )

S e p ik -R am u  (N lle -G u in é e )

K a p u a s  (B o rn é o )

M u rra y -D a r lin g  (A u s tra l ie )

Y e llow  (H u a n g  H e , H u an g  H o , C h in a )

Y a n g tz e  (C h an g  J ia n g , Y a n g tz e  K ian g , C h in a )

X i J ia n g  R iv e r  (P e a rl  R iv e r , C h u  C h ia n g , Z h u , S o u th e a s t  

C h in a )

T se n gw en  R iv e r  (S o u thw e s te rn  T a iw a n )

T ig r is  (S o u th e a s t  T u rk e y  a n d  I raq )

T an sh u i  (N o r th e rn  T a iw a n )

T an o  (W e s t  A fr ic a )

S a lo um  (W e s t  A fr ic a )

S a in t  Jo h n  (W e s t  A fr ic a )

R o k e l R iv e r  (S e li R iv e r , W e s t  A fr ic a )

P u ru s  (N o r th w e s t  c e n tra l  S o u th  A m e r ic a )

P ra  R iv e r  (W e s t  A fr ic a )

P ilc om ay o  (S o u th  c en tra l  S o u th  A m e r ic a )  

P a râ -T o c a n tin s  (B ra z i l)

O ra n g e  (S o u th  A fr ic a )

O m b ro n e  (T u sc an y , W e s te rn  I ta ly )

O k av an g o  (S o u th w e s t  c e n tra l  A fr ic a )

M a ra n o n  (P e ru )

L it t le  S c a rc ie s  (W e s t  A fr ic a )

K w an d o  R iv e r  (S o u th w e s t  A fr ic a /N am ib ia )

K u ra  (R u s s ia  a n d  T u rk e y )

K r ish n a  (K a rn a ta k a , In d ia )

K o g o n  (G u in e a , W e s t  A fr ic a )

K ao p in g  R iv e r  (S o u th e rn  T a iw an )

2 .5 8 E -0 4

2 .3 6 E -0 3

1 .35E -03

2 .5 2 E -0 3 1 .3 3E + 10 3 .3 6E + 0 7

1 .71E -03 1 .0 6E + 10 1 .8 1E + 07

9 .8 6E -0 4

3 .5 7 E -0 3 1 .6 3E + 09 5 .8 3E + 0 6

2 .3 6E -0 4 3 .0 3E + 0 8 7 .1 6E + 0 4

1 .12E -03 4 .5 1 E + 0 9 5 .0 7E + 0 6

4 .7 5E -0 3 8 .7 0E + 09 4 .1 3 E + 0 7

2 .8 1E -0 4

2 .5 0 E -0 4

2 .3 7 E -0 4

1 .3 8 E -0 4

6 .5 8 E -0 4 1 .2 6E + 09 8 .3 1E + 05

3 .1 1E -0 3

3 .2 3E -0 3 4 .9 5 E + 1 0 1 .6 0E + 0 8

2 .6 7E -0 3

4 .7 6 E -0 3 2 .0 1 E + 0 9 9 .5 7E + 0 6

7 .0 0E -0 3 3 .3 8E + 10 2 .3 7E + 0 8

6 .7 6 E -0 4

9 .1 3E -0 4 1 .9 0E + 0 9 1 .7 4E + 0 6

2 .8 5E -0 4 5 .8 6E + 07 1 .6 7 E + 0 4

9 .1 0E -0 4 5 .8 8E + 06 5 .3 5E + 03

3 .9 5E -0 4 7 .3 6E + 06 2 .9 0E + 0 3

7 .4 4E -0 4 3 .9 7E + 0 7 2 .9 6 E + 0 4

3 .0 7E -0 3 5 .2 1E + 09 1 .6 0 E + 0 7

6 .1 3E -0 3 3 .2 5 E + 1 0 1 .9 9E + 0 8

5 .1 9E -0 3

2 .1 2 E -0 3

2 .8 2 E -0 4

3 .0 2E -0 3 2 .4 8 E + 1 0 7 .4 7E + 0 7

6 .6 6E -0 4

7 .6 3E -0 4

2 .5 0 E -0 4

9 .8 5E -0 4 1 .2 4E + 07 1 .2 2E + 04

6 .6 0E -0 4

3 .3 0E -0 3

4 .4 6 E -0 4

3 .5 2 E -0 3

2 .7 0 E -0 3

3 .2 9E -0 3 2 .2 4 E + 0 9 7 .3 8E + 0 6

2 .7 7E -0 4

2 .5 7 E -0 3 8 .3 0E + 0 7 2 .1 4E + 0 5

2 .6 5E -0 3

4 .7 2 E -0 4

1 .13E -03

1 .29E -03

1 .50E -03 3 .5 0E + 1 0 5 .2 5E + 0 7

4 .5 3 E -0 4

3 .2 8 E -0 4
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R iv e r  b a s in

C h a r a c te r iz a t io n  fa c to r  

( P D F m 3 y r m -3)

W a te r  c o n sum p t io n  

19 9 5  

(m 3 y r -1)

N o rm a liz a t io n

fa c to r

( P D F m 3)

I r raw ad d y  R iv e r  ( I raw ad i, C e n tra l  M y a nm a r  B u rm a ) 2 .0 6 E -0 3 9 .5 8E + 0 8 1 .9 8E + 06

G o d av a r i  (C e n tra l  In d ia ) 1 .31E -03

G éb a  (G u in e a  B is sau , W e s t  A fr ic a ) 1 .06E -0 3

G an g e s  (G an g a , N o r th  a n d  n o r th e a s t  In d ia n  su b c o n tin e n t) 2 .4 1 E -0 3 1 .29E+11 3 .1 1E + 0 8

F a ta la  (W e s t  A fr ic a ) 3 .5 1E -0 4

E u p h ra te s  (F i r a t  N eh r i ,  A l-F u ra t,  S o u th w e s t  A s ia ) 3 .7 5 E -0 3

E rh je n  R iv e r  (S o u th e rn  R iv e r) 6 .9 0 E -0 5

C h o b e  R iv e r  (S o u thw e s t  A f r ic a /N am ib ia ) 2 .3 2 E -0 3

C h itta r  (T am il N ad u , In d ia ) 3 .3 1 E -0 4

C a u v e ry  (K a rn a ta k a , In d ia ) 1 .13E -03

C a sam an c e  (W e s t  A fr ic a ) 6 .2 7E -0 4

B ra hm a p u tra  (D y a rd an e s , O ed an e s , T sa n g p o , Z an g b o ,

T ib e t,  C h in a , N E  In d ia  a n d  B a n g la d e sh ) 3 .2 0E -0 3 8 .4 7E + 0 9 2 .7 1 E + 0 7

A ra g u a ia  (A ra g u ay a , C e n tra l B ra z il) 3 .4 2 E -0 3 1 .8 3E + 08 6 .2 6E + 05

A th i-G a la n a -S a b a k i  R iv e r  D ra in a g e  S y s tem  (K en y a , f rom

N a iro b i  e a s tw a rd  to  M om b a sa ) 1 .86E -0 3

137

138
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139 T ab le  S5 . Characterization factors, em issions in year 2000  and normalization  factors for 63

140 greenhouse gas em issions, based on 100-year tim e horizon. The em issions in year 2000  were

141 taken from  S leesw ijk  et al. (14). D ue to the data availability , w e  provide the normalization

142 factors for 21 greenhouse gas em issions.

C h a ra c te r iz a t io n  fa c to r  E m is s io n  in  y e a r  2 0 0 0  N o rm a liz a t io n  fa c to r  

S u b s ta n c e  ( P D F m V k g 1)  (k g )  ( P D F m 3)

C O 2 8 .5 3E -0 5 2 .8 5E + 1 3 2 .4 3 E + 0 9

C H 4 1 .69E -03 2 .9 9E + 11 5 .0 4E + 0 8

n 2o 2 .7 8 E -0 2 1 .1 5E + 10 3 .1 9E + 0 8

C FC -11 4 .4 3E -0 1 4 .0 6 E + 0 7 1 .8 0 E + 0 7

C FC -1 2 1 .0 2E + 00 1 .0 1E + 08 1 .0 2 E + 0 8

C FC -1 3 1 .3 5E + 00

C FC -1 1 3 5 .72E -01 3 .8 6 E + 0 6 2 .2 1 E + 0 6

C FC -1 1 4 9 .3 7E -01 2 .0 7 E + 0 6 1 .9 4 E + 0 6

C FC -1 1 5 6 .8 7 E -0 1 8 .7 3E + 05 6 .0 0E + 05

C a rb o n  te tra c h lo r id e 1 .31E -01 4 .1 7E + 0 5 5 .4 4E + 04

M e th y l b rom id e 4 .4 8 E -0 4

M e th y l c h lo ro fo rm 1 .3 7E -02 3 .5 7E + 0 5 4 .8 7E + 0 3

H C FC -2 2 1 .69E -01 3 .0 0 E + 0 8 5 .0 6E + 0 7

H C FC -123 7 .2 3E -0 3

H C FC -1 2 4 5 .6 8E -0 2 3 .9 3 E + 0 6 2 .2 3E + 0 5

H C F C -1 4 1 b 6 .7 6E -0 2 1 .6 6 E + 0 8 1 .1 2E + 07

H C F C -1 4 2 b 2 .1 6E -0 1 5 .0 9E + 0 7 1 .1 0E + 07

H C F C -2 2 5 c a 1 .1 4E -0 2

H C F C -2 2 5 cb 5 .5 5 E -0 2

H a lo n -1 211 1 .76E -01 4 .8 2 E + 0 6 8 .4 8E + 05

H a lo n -1 301 6 .6 6 E -0 1 9 .2 6E + 0 5 6 .1 7E + 05

H a lo n -2 4 0 2 1 .53E -01 2 .9 6E + 0 5 4 .5 4E + 0 4

H F C -2 3 1 .3 8E + 00

H FC -3 2 6 .2 9E -0 2

H FC -4 3 -1 0m ee 1 .53E -01

H FC -1 2 5 3 .2 7E -01 7 .4 0 E + 0 6 2 .4 2 E + 0 6

H F C -1 3 4 a 1 .33E -01 1 .3 0E + 08 1 .7 3E + 07

H F C -1 4 3 a 4 .1 7E -0 1 5 .4 0E + 0 6 2 .2 5 E + 0 6

H F C -2 2 7 e a 3 .0 1E -0 1

H F C -2 4 5 fa 9 .6 5E -0 2

H F C -1 5 2 a 1 .1 6E -02

H F C -2 3 6 fa 9 .1 5E -0 1

H FC -3 6 5m fc 7 .4 1E -0 2

S u lp h u r  h e x a f lu o r id e 2 .1 3E + 0 0 5 .2 2E + 0 6 1 .1 1E + 07

N itro g e n  tr if lu o r id e 1 .6 8 E + 0 0

P FC -1 4 6 .9 0 E -0 1
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S u b s ta n c e

C h a ra c te r iz a t io n  fa c to r  E m is s io n  in  y e a r  2 0 0 0  N o rm a liz a t io n  fa c to r  

( P D F m 3 y r k g -1)  (k § )  ( P D F m 3)

P F C -1 1 6 1 .1 4E + 00

P F C -2 1 8 8 .24E -01

P F C -3 1 8 9 .5 7E -01

P F C -3 -1 -1 0 8 .26E -01

P F C -4 -1 -1 2 8 .54E -01

P F C -5 -1 -1 4 8 .67E -01

P F C -9 -1 -1 8 7 .0 1E -01

T  r if lu o rom e th y l  s u lp h u r  p e n ta f lu o r id e 1 .6 6E + 00

H FE -1 2 5 1 .3 9E + 00

H F E -1 3 4 5 .89E -01

H F E -1 4 3 a 7 .0 5E -0 2

H C F E -2 3 5 d a 2 3 .2 5E -0 2

H F E -2 4 5 c b 2 7 .5 1E -0 2

H F E -2 4 5 fa 2 6 .1 5E -0 2

H F E -2 5 4 c b 2 3 .6 8E -0 2

H F E -3 4 7m cc3 5 .3 7 E -0 2

H F E -3 4 7 p c f2 5 .3 9 E -0 2

H F E -3 5 6 p c c3 1 .0 2E -02

H F E -4 4 9 s l 2 .8 6 E -0 2

H F E -5 6 9 s f2 5 .3 1E -0 3

H F E -4 3 -1 Opccc 124 1 .75E -01

H F E -2 3 6 c a 1 2 2 .6 4E -01

H F E -3 3 8 p c c1 3 1 .40E -01

P F PM IE 9 .6 1E -01

D im e th y le th e r 3 .9 6E -0 5

M e th y le n e  c h lo r id e 8 .1 5 E -0 4

M e th y l c h lo r id e 1 .20E -0 3

143

144
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