Water & Energy
Fluxes & Budgets

Critical Zone Science

InTeGrate Teaching Team WATER BUDGET
(Washburne)
Watershed-scale How is precip. partitioned @ WS scale?

Water Budget — Conservation of mass

* Ppt=ET + RO + Rchg + AS
* where:
— Ppt, precipitation
— ET, evapotranspiration
— RO, runoff
— Rchg, Recharge / Infiltration
— AS, chg in storage (soil moisture)
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Precipitation

* Ground-based radar
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ENERGY BUDGET

Energy Budget — Conservation of energy

* R, =AE+H+G+AS
* where
—R,, Net Radiation
— E, Evaporation
— H, Sensible heat flux
— G, Soil heat flux
— AS, chg in heat storage (T, T,)

— A, latent heat of evaporation,
2.45 MJ/kg

How is energy partitioned @ WS scale?

Watershed schematic ~ SSN CZ0 12
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Surface Energy Budget

Soil Heat Flux
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Common Water & Energy Fluxes

Transpiratlonn c{mmmn Salar Energy Carbon Dicxide

Transpiration ,
g f;enslble heat flu:

Soil evaporation
Soil evaporation

Soil ha

Un-
saturated
Zone

Ciround Water. n Mutricnts

Saturated B i
Zone ateral GW == Euerpy Cyele malp | T Flows
- Water Cyele | &
l_ CabonCycle mefp | Minerls * ArTOWs
) Reservoirs
Washburne  » Boxes
15

Flux-PIHM model — SSH CZO
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How is energy partitioned @ global scale?
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ENERGY BUDGET COMPONENTS &
MEASUREMENTS




Net Radiation

* R, =Net shortwave — Net longwave 7

* typically @ 0.3-3 um (visible) and 4.5-40 um (thermal} : ‘fp:f/
* R,= (qu,'Rsﬂ\) - (RL\L'RL/]\) it

* R, =R, (1-0) - (R - € oT) | @

* where

— q, surface albedo or reflectance: ratio of R, over R,
— g, surface emissivity

Soil Heat Flux
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* thermal conductivity (k) [

* often assumed negligible at daily and longer times

Evaporation & Sensible Heat

* Depends on Vapor pressure deficit,

C. w
* AE =22 (e~ e0) /7 [5]

* Depends on Surface-Air temperature gradient

e H= pCp(TS - Ta)/ra [%]

* where:

. . 208
— surface aerodynamic resistance, r, [s/m] ~ S (short crop)
2

Bowen Ratio

* manipulate these expressions to get: P
* R,—G=AE+H
* divide by AE

Rn—G H
. n = 1 + —_
AE AE
. . H Ts—T,
* Define the Bowen Ratio, B=— = yM
AE (es—eq)
e AE =28
1+B
Image source: Hanson B, May D. 2006. New crop coefficients developed for high-yield processing tomatoes. 22

Calif Agr 60(2):95-99. DOI: 10.3733/ca.v060n02p95. Figure 1

Eddy Covariance

. Y. W,
Premise: -.‘_.;Eq
o w(t)=<w>+w (wind) D =
o s(t)=<s>+5¢ (carbon, Temp) 2 Sk /

Main eddy covariance assumption:

* Mean vertical velocity =0

But, instantaneous vertical velocity # 0:
o w(t)=w’

Measure:

* Vertical Velocity Fluctuation (w’)

* CO, and Temp Fluctuation (s’)
Correlate Fluctuations:

o <w's’>

Li-Cor, 2013




