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Estimating average stream flow using Budyko’s model
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Note: Budyko originally framed this as water supply (P) verses energy supply ¥ ‘
(Ry). Itis common to use R, and evaporative demand (E,) ~interchangeably. ‘
Budyko, M.I., 1974. Climate and life. International Geophysics Series, 18. Academic, New 5 B
York, 508 pp. “.‘.‘J ’&"
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Estimating average stream flow using Choudhury’s
formulation
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Choudhury, B.J., 1999. Evaluation of an empirical equation for annual evaporation using field observations and results from a biophysical model.
Journal of Hydrology, 216(1/2), pp 99-110
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Porporato et al’s supply/storage relation

K7 k = relative soil water holding capacity (mm/mm)
V= Z = max. storage depth (mm)
o = storm depth (mm)
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Porporato, A., Daly, E. and Rodriguez-lturbe, I., 2004. Soil water balance and ecosystem response to climate change. Am Nat, 164(5), pp 625-632
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The Budyko—Choudhury—Porporato (BCP) model
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Donohue, R.J., Roderick, M.L. and McVicar, T.R., 2012. Roots, storms and soil pores: incorporating key ecohydrological processes into Budyko’s
hydrological model. Journal of Hydrology, 436-437, pp 35-50.
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The Budyko—Choudhury—Porporato (BCP) model

Donohue, R.J., Roderick, M.L. and McVicar, T.R., 2012. Roots, storms and soil pores: incorporating key ecohydrological processes into Budyko’s
hydrological model. Journal of Hydrology, 436-437, pp 35-50.

6 | Rooting dynamics and water fluxes | Randall Donohue




The Budyko—Choudhury—Porporato (BCP) model
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Donohue, R.J., Roderick, M.L. and McVicar, T.R., 2012. Roots, storms and soil pores: incorporating key ecohydrological processes into Budyko’s
hydrological model. Journal of Hydrology, 436-437, pp 35-50.

7 | Rooting dynamics and water fluxes | Randall Donohue




The Budyko—Choudhury—Porporato (BCP) model

Donohue, R.J., Roderick, M.L. and McVicar, T.R., 2012. Roots, storms and soil pores: incorporating key ecohydrological processes into Budyko’s
hydrological model. Journal of Hydrology, 436-437, pp 35-50.

8 | Rooting dynamics and water fluxes | Randall Donohue




For a given vegetation type, what determines
rooting depth?

Broad generalisations suggest that, under water-limited conditions...

Precipitation amount
...the higher the rainfall, the deeper the rooting depth (Schenk and Jackson,

2002)

Precipitation intensity/seasonality

...the higher the rainfall intensity and/or seasonality under a given annual rainfall,
the deeper roots become in order to maintain the same transpiration rate (Laio
et al., 2002; Milly, 1994a; Porporato et al., 2004; Schenk and Jackson, 2002).

Models of rooting depth typically capture only the first of these
generalisations.......
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Existing rooting depth models " g
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Existing rooting depth models At
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Existing rooting depth models Py
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Existing rooting depth models At
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Existing rooting depth models

Modelled root depth, Z, (mm)
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Extraction depth, Z, (mm)
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Existing rooting depth models
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The effects of climate seasonality!
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A seasonal implementation of Guswa’s model
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Stream flow estimated using the BCP model
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Implications for the carbon cycle
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204055 'Sportsmans Ck at Gurranang Siding'
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315450 'Forth River above Lemonthyme Power Station'
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Koppen climatic classes and fitted rooting depth
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A seasonal implementation of Guswa’s model
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