
y"="1.5468x"+"2859.4"

0"

50"

100"

150"

200"

250"

300"

350"

400"

450"

500"

1960" 1970" 1980" 1990" 2000" 2010"

W
at
er
&D
is
ch
ar
ge
&(m

3/
s)
&

y"="1.7919x")"3319"

0"

100"

200"

300"

400"

500"

600"

700"

1960" 1970" 1980" 1990" 2000" 2010"

W
at
er
&D
is
ch
ar
ge
&(m

3/
s)
&

170°0'0"E

170°0'0"E

150°0'0"E

150°0'0"E

130°0'0"E

130°0'0"E

110°0'0"E

110°0'0"E

90°0'0"E

90°0'0"E

70°0'0"E

70°0'0"E

50°0'0"E

50°0'0"E

30°0'0"E

30°0'0"E

10°0'0"E

10°0'0"E

10°0'0"W

10°0'0"W

30°0'0"W

30°0'0"W

50°0'0"W

50°0'0"W

70°0'0"W

70°0'0"W

90°0'0"W

90°0'0"W

110°0'0"W

110°0'0"W

130°0'0"W

130°0'0"W

150°0'0"W

150°0'0"W

170°0'0"W

170°0'0"W

80
°0
'0
"N

80
°0
'0
"N

60
°0
'0
"N

60
°0
'0
"N

40
°0
'0
"N

40
°0
'0
"N

20
°0
'0
"N

20
°0
'0
"N

0°
0'
0"

0°
0'
0"

20
°0
'0
"S

20
°0
'0
"S

40
°0
'0
"S

40
°0
'0
"S

Water Discharge
% Change

>25%
11% - 25%
1% - 10%
-9% - 0%
-24% - -10%
<-25%

170°0'0"E

170°0'0"E

150°0'0"E

150°0'0"E

130°0'0"E

130°0'0"E

110°0'0"E

110°0'0"E

90°0'0"E

90°0'0"E

70°0'0"E

70°0'0"E

50°0'0"E

50°0'0"E

30°0'0"E

30°0'0"E

10°0'0"E

10°0'0"E

10°0'0"W

10°0'0"W

30°0'0"W

30°0'0"W

50°0'0"W

50°0'0"W

70°0'0"W

70°0'0"W

90°0'0"W

90°0'0"W

110°0'0"W

110°0'0"W

130°0'0"W

130°0'0"W

150°0'0"W

150°0'0"W

170°0'0"W

170°0'0"W

80
°0
'0
"N

80
°0
'0
"N

60
°0
'0
"N

60
°0
'0
"N

40
°0
'0
"N

40
°0
'0
"N

20
°0
'0
"N

20
°0
'0
"N

0°
0'
0"

0°
0'
0"

20
°0
'0
"S

20
°0
'0
"S

40
°0
'0
"S

40
°0
'0
"S

Water Discharge - Pristine
m3/s

< 50
51 - 100
101 - 250
251 - 500
501 - 1,000
1,001 - 2,500
2,501 - 5,000
5,001 - 10,000
10,001 - 25,000
> 25,000

170°0'0"E

170°0'0"E

150°0'0"E

150°0'0"E

130°0'0"E

130°0'0"E

110°0'0"E

110°0'0"E

90°0'0"E

90°0'0"E

70°0'0"E

70°0'0"E

50°0'0"E

50°0'0"E

30°0'0"E

30°0'0"E

10°0'0"E

10°0'0"E

10°0'0"W

10°0'0"W

30°0'0"W

30°0'0"W

50°0'0"W

50°0'0"W

70°0'0"W

70°0'0"W

90°0'0"W

90°0'0"W

110°0'0"W

110°0'0"W

130°0'0"W

130°0'0"W

150°0'0"W

150°0'0"W

170°0'0"W

170°0'0"W

80
°0
'0
"N

80
°0
'0
"N

60
°0
'0
"N

60
°0
'0
"N

40
°0
'0
"N

40
°0
'0
"N

20
°0
'0
"N

20
°0
'0
"N

0°
0'
0"

0°
0'
0"

20
°0
'0
"S

20
°0
'0
"S

40
°0
'0
"S

40
°0
'0
"S

Water Discharge - Disturbed
m3/s

< 50
51 - 100
101 - 250
251 - 500
501 - 1,000
1,001 - 2,500
2,501 - 5,000
5,001 - 10,000
10,001 - 25,000
> 25,000

170°0'0"E

170°0'0"E

150°0'0"E

150°0'0"E

130°0'0"E

130°0'0"E

110°0'0"E

110°0'0"E

90°0'0"E

90°0'0"E

70°0'0"E

70°0'0"E

50°0'0"E

50°0'0"E

30°0'0"E

30°0'0"E

10°0'0"E

10°0'0"E

10°0'0"W

10°0'0"W

30°0'0"W

30°0'0"W

50°0'0"W

50°0'0"W

70°0'0"W

70°0'0"W

90°0'0"W

90°0'0"W

110°0'0"W

110°0'0"W

130°0'0"W

130°0'0"W

150°0'0"W

150°0'0"W

170°0'0"W

170°0'0"W

80
°0
'0
"N

80
°0
'0
"N

60
°0
'0
"N

60
°0
'0
"N

40
°0
'0
"N

40
°0
'0
"N

20
°0
'0
"N

20
°0
'0
"N

0°
0'
0"

0°
0'
0"

20
°0
'0
"S

20
°0
'0
"S

40
°0
'0
"S

40
°0
'0
"S

Suspended Sediment
% Change

>25%
11% - 25%
0% - 10%
-9% - -1%
-24% - -10%
<-25%

170°0'0"E

170°0'0"E

150°0'0"E

150°0'0"E

130°0'0"E

130°0'0"E

110°0'0"E

110°0'0"E

90°0'0"E

90°0'0"E

70°0'0"E

70°0'0"E

50°0'0"E

50°0'0"E

30°0'0"E

30°0'0"E

10°0'0"E

10°0'0"E

10°0'0"W

10°0'0"W

30°0'0"W

30°0'0"W

50°0'0"W

50°0'0"W

70°0'0"W

70°0'0"W

90°0'0"W

90°0'0"W

110°0'0"W

110°0'0"W

130°0'0"W

130°0'0"W

150°0'0"W

150°0'0"W

170°0'0"W

170°0'0"W

80
°0
'0
"N

80
°0
'0
"N

60
°0
'0
"N

60
°0
'0
"N

40
°0
'0
"N

40
°0
'0
"N

20
°0
'0
"N

20
°0
'0
"N

0°
0'
0"

0°
0'
0"

20
°0
'0
"S

20
°0
'0
"S

40
°0
'0
"S

40
°0
'0
"S

Suspended Sediment - Disturbed
kg/s

< 50
51 - 100
101 - 250
251 - 500
501 - 1,000
1,001 - 2,500
2,501 - 5,000
5,001 - 10,000
10,001 - 25,000
> 25,000

170°0'0"E

170°0'0"E

150°0'0"E

150°0'0"E

130°0'0"E

130°0'0"E

110°0'0"E

110°0'0"E

90°0'0"E

90°0'0"E

70°0'0"E

70°0'0"E

50°0'0"E

50°0'0"E

30°0'0"E

30°0'0"E

10°0'0"E

10°0'0"E

10°0'0"W

10°0'0"W

30°0'0"W

30°0'0"W

50°0'0"W

50°0'0"W

70°0'0"W

70°0'0"W

90°0'0"W

90°0'0"W

110°0'0"W

110°0'0"W

130°0'0"W

130°0'0"W

150°0'0"W

150°0'0"W

170°0'0"W

170°0'0"W

80
°0
'0
"N

80
°0
'0
"N

60
°0
'0
"N

60
°0
'0
"N

40
°0
'0
"N

40
°0
'0
"N

20
°0
'0
"N

20
°0
'0
"N

0°
0'
0"

0°
0'
0"

20
°0
'0
"S

20
°0
'0
"S

40
°0
'0
"S

40
°0
'0
"S

Suspended Sediment - Pristine
kg/s

< 50
51 - 100
101 - 250
251 - 500
501 - 1,000
1,001 - 2,500
2,501 - 5,000
5,001 - 10,000
10,001 - 25,000
> 25,000

	   	   	   	   	   	  	  
	  
where	  
	  

	  	  	  	  	  	  	  	  	  0.02	  [-‐]	  
	  	  	  	  	  	  	  	  	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  long-‐term	  Average	  Suspended	  Sediment	  load	  [kg/s]	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  long-‐term	  Average	  Discharge	  [m3/s]	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  contribu9ng	  Area	  [km2]	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  maximum	  Relief	  [km]	  
	  

	  	  	  	  	  	  	  	  	  long-‐term	  average	  Temperature	  [0C]	  	  
	   	   	   	   	  	  

	  
	  	  	  	  	  	  	  I = 1+0.09Ag  (Ag	  is	  percentage	  of	  Ice	  Cover)	  	  
	  

	  	  	  	  	  	  	  L –	  Lithology	  Factor	  
	  

	  	  	  	  	  	  	  TE	  –Sediment	  Trapping	  by	  reservoirs	  
	  

	  	  	  	  	  	  	  Eh	  –Anthropogenic	  Factor:	  f(Pop.	  density,	  GNP)	  	  
	  

Daily	  suspended	  Sediment	  load	  (Qs)	  is	  predicted	  with	  the	  Psi	  model	  (Morehead	  et	  al.,	  2003;	  Fig.	  1). 	   	  	  
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IntroducCon	  
•  Understanding	   riverine	   sediment	   dynamics	   is	   an	   important	   undertaking	   for	   both	   socially-‐relevant	   issues	   such	   as	  

agriculture,	  water	  security	  and	  infrastructure	  management	  and	  for	  our	  scienCfic	  analysis	  of	  landscapes,	  river	  ecology,	  
oceanography	  and	  other	  disciplines.	  	  

•  Ever	  increasing	  human	  ac9vity	  during	  the	  Anthropocene	  have	  affected	  sediment	  dynamics	  in	  two	  major	  ways:	  (1)	  an	  
increase	  in	  hillslope	  erosion	  due	  to	  agriculture,	  deforesta9on	  and	  landscape	  engineering	  and	  (2)	  trapping	  of	  sediment	  
behind	  dams	  and	  other	  man-‐made	  reservoirs.	  	  

•  The	   intensity	   and	   dynamics	   between	   these	  man-‐made	   factors	   vary	   widely	   across	   the	   globe	   and	   in	   9me	   and	   are	  
therefore	  hard	  to	  predict.	  	  

•  Here	  we	  use	  a	  distributed	  global	  riverine	  sediment	  and	  water	  discharge	  model	  (WBMsed)	  to	  compare	  a	  prisCne	  (no	  
human	   impact)	   and	   disturbed	   (including	   human	   impact)	   simula9ons,	   to	   provide	   a	   quanCtaCve	   descripCon	   of	  
human	  impact	  on	  riverine	  sediment	  and	  water	  discharge.	  	  

Results	  
Anthropogenic	   ac9vity	   resulted	   in	   over	   25%	   reducCon	   in	   riverine	   suspended	   sediment	   flux	   (SSF)	   globally,	   which	   is	  
within	   range	   of	   published	   analysis	   (Vörösmarty	   et	   al.,	   2003).	  Water	   discharge	  was	   reduced	  by	   less	   then	   2%,	   slightly	  
lower	  but	  also	  within	  range	  of	  published	  global	  analyses	  (Döll	  et	  al.,	  2009;	  Biemans	  et	  al.,	  2011).	  	  
The	  results	  show	  considerable	  spaCal	  variability	  (Fig.	  2	  &	  3);	  human	  ac9vity	  reduced	  SSF	  largely	  by	  in-‐river	  trapping	  (e.g.	  
the	  Aswan	  Dam	  on	  the	  Nile	  River;	  Fig.	  2)	  but	  are	  also	  increased	  SSF	  in	  some	  loca9ons	  (e.g.	  The	  Indian	  Subcon/nent).	  
Considerable	  intra-‐basin	  variability	  is	  observed	  in	  some	  loca9ons	  (e.g.	  Mississippi	  Basin).	  

Methodology	  
	  

WBMsed	  is	  a	  spa9ally	  and	  temporally	  explicit	  global	  riverine	  model	  (Fig.	  1;	  Cohen	  et	  al.,	  2013)	  based	  on	  the	  WBMplus	  
(Wisser	  et	  al.,	  2010)	  water	  balance	  and	  transport	  model	  (part	  of	  the	  FrAMES	  biogeochemical	  modeling	  framework).	  	  
Suspended	  sediment	  flux	  (SSF)	  predic9ons	  are	  based	  on	  the	  BQART	  equa9on	  (Syvitski	  and	  Milliman,	  2007):	  
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Conclusions	  
•  Anthropogenic	  ac9vity	  increases	  sediment	  produc9on	  by	  promo9ng	  soil	  erosion	  but	  also	  reduce	  riverine	  sediment	  
flux	  by	  trapping	  sediment	  upstream	  of	  dams	  in	  reservoirs.	  	  

•  Globally	   the	   net	   affect	   is	   a	   considerable	   reducCon	   in	   sediment	   flux	   in	   large	   rivers.	   However	   this	   complex	  
anthropogenic	  driver	  is	  highly	  spaCally	  variable.	  

•  Human	  effect	  on	  riverine	  suspended	  sediment	  flux	  much	  exceeds	  anthropogenic	  effects	  on	  water	  discharge.	  
•  In	  some	  loca9ons	  (e.g.	  Mississippi	  Basin)	  anthropogenic	  effect	  on	  water	  discharge	  is	  opposite	  to	  its	  effect	  on	  SSF.	  

Fig. 1: Schematics of the WBMsed model. 	
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Anthropogenic	  effects	  on	  SSF	  and	  water	  discharge	  are	  inves9gated	  by	  comparing	  two	  simula9ons:	  
	  1.	  Disturbed	  -‐	  simula9ng	  all	  human	  effects	  on	  water	  and	  sediment	  discharge	  as	  described	  above;	  
	  2.	  PrisCne	  	  	  	  	  -‐	  excluding	  irriga:on,	  trapping	  by	  dams	  and	  reservoirs	  and	  the	  Eh	  Anthropogenic	  Factor.	  

SSF	  and	  water	  discharge	  averaged	  between	  1960-‐2010	  for	  each	  simula9on	  are	  presented	   in	  Fig.	  2	  and	  3	  respec9vely.	  
The	  maps	  show	  only	  river	  loca9on	  with	  a	  contribu9ng	  area	  >40,000	  km2	  and	  average	  water	  discharge	  >30	  m3/s.	  	  
Percent	  difference	  between	  these	  maps	  (Fig.	  2c	  &	  3c)	  quan9fy	  the	  spa9al	  distribu9on	  of	  human	  impact	  on	  global	  rivers.	  	  

Fig. 2: Mean SSF 
between 1960-2010 with 
human effects (a), 
without human effects 
(b) and percent 
difference between the 
two simulations (c). 
Positive values = 
increased SSF due to 
anthropogenic activity.	


Fig. 3: Mean water 
discharge between 
1960-2010 with human 
effects (a), without 
human effects (b) and 
percent difference 
between the two 
simulations (c).	

Positive values = 
increased discharge due 
to anthropogenic 
activity.	
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The	  western	  tributaries	  of	  the	  Mississippi	  River	  show	  an	  unusual	  anthropogenic	  effect	  
in	  which	  sediment	  flux	  is	  reduced	  while	  water	  discharge	  increases	  (Fig.	  2	  &	  3).	  
In	  our	  simula9ons	  this	  is	  due	  to	  considerable	  intake	  of	  groundwater	  for	  irriga9on	  
(Ogallala	  Aquifer)	  which	  adds	  to	  the	  surface	  water	  balance.	  	  
	  
There	  is	  anecdotal	  evidence	  to	  support	  these	  model	  predic9ons;	  a	  number	  of	  gauging	  
sta9ons	  have	  recorded	  increasing	  water	  discharge	  trends	  since	  the	  mid	  20th	  century	  in	  
this	  part	  of	  the	  Mississippi	  Basin	  (e.g.	  Fig.	  4)	  sugges9ng	  that	  increased	  anthropogenic	  
ac9vity	  resulted	  in	  increasing	  river	  discharge.	  Clearly	  more	  research	  is	  needed.	  	  	  	  	  
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Fig. 4: Water discharge for USGS sites (1) 
Platte River at Louisville, Nebr., and 	

(2) Arkansas River at Tulsa, OK. (Fig. 3c)	
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