
Water budget for wetlands

A wetland’s hydroperiod is determined by:
• Inflows – outflows

• Landscape pattern

• Subsurface geology



Water budget: inputs & outputs
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Generalized Wetland Water Budget

Stone and Stone 1994
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Water budget for wetlands

V = 
V/t =
Pn =
Si =
Gi =
ET =
So =
Go =
T =

Water storage volume
Change in volume per unit time
Net precipitation
Surface & stream inflows
Groundwater inflows
Evapotranspiration
Surface outflows
Groundwater outflows
Tidal inflow or outflow

d = V/A

UNITS!



Renewal rate and residence time

Renewal rate = rate of water replacement

Residence time = avg time water remains in the basin

t-1 = Qt/V

Lake
Residence time (t)

(years)
Renewal rate (t-1)

(per year)
Superior 191 0.005
Michigan 99
Huron 22
Erie 2.6
Ontario 6

V = volume; Qt = inflow rate (vol/time) 



Precipitation

Pg = I + TF + SF I = Interception
TF = Throughfall
SF = Stemflow

Pn = TF + SF
or
Pn = Pg - I

V/t = Pn + Si + Gi – ET – So – Go  T



Precipitation

Brooks et al. 1991



Does interception really matter? 

Forest type Precip (mm) Interception 
(%)

Interception 
(mm)

Rainforest 281 9 25

Mature white 
pine

203 9 18

Sitka spruce 100 49 49

Hardwoods 130 13 17

Mixed pines 60 36 22

From Jackson 2006



V/t = Pn + Si + Gi – ET – So – Go  T

Surface flow
Overland flow

Si(ov) = RpPAw Rp = hydrologic response coefficient

(look up in table; typically < 20%)

P = mean precipitation (m)

Aw = watershed area (m2)

Si(pk) = 0.278CIAw
C = rational runoff coefficient

(look up in table)

I = rainfall intensity (mm/hr)



Rational runoff
Coefficient





V/t = Pn + Si + Gi – ET – So – Go  T

Surface flow
Streamflow

S(i or o) = Axv Ax = area (cross sect) (m2)

v = mean velocity (m/s)

v = (1/n)R2/3S1/2 R = hydraulic radius

S = energy gradient (~ slope)

n = manning roughness coefficient

R = Ax/wp wp = wetted perimeter (m) (don’t include surface)



Stream Type Manning’s n
Canal or ditch 0.02
Winding natural stream , few 
plants

0.035

Rocky, mountain stream 0.04-0.05
Winding stream, lots of plants 0.042-0.052
Sluggish stream, lots of plants 0.065
Very sluggish stream, lots of 
plants

0.112

Manning’s roughness coefficients

Back



Slope

Back



Floods and Wetlands

Dunne and 
Leopold 1978





Hillman 1998 (Wetlands)
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Floods and Wetlands



Rating curves



Strahler stream order


