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Context 

•  Shifting from the 2-layer hydrological scheme to the 
11-layer one increases latent heat flux for some 
PFT’s 

-  That is due to the 
evaporative 
component  

-  It acts at winter time for 
deciduous trees when 
no canopy coverage 

US-Bar - Temperate deciduous forest 
Servettaz, 2014 (L3 report) 

Winter and Spring 
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2-layer : BSE depends on soil resistance 

•  rsol is the main control of water stress onto bare soil 
evaporation  

 
•  rsol  depends on the dry soil height of PFT 1 

1 cm of dry soil exerts rsoil = 330 s/m 
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11-layer : BSE controlled by demand/supply 
 •  The principle is that soil evaporation follows a supply/

demand approach 

•  In practice, this relies on dummy integrations of the water 
diffusion scheme 
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Work on soil resistance 
• 2nd: Testing ORCHIDEE at FLUXNET stations

• Two formulas for BSE calculation

Type Reference Formulation

Standard ORCHIDEE (11 layer) Several references of the 
ORCHIDEE team 𝐸௦௢௜௟ = 𝜌௔

1
𝑟௔

𝑞௦ 𝑇௪ − 𝑞௔

Resistance terms

Best et al, 2011
𝐸௦௢௜௟ = 𝜌௔

1
𝑟௔ + 𝑟௦

𝑞௦ 𝑇௦ − 𝑞௔

𝑟௦ = 100 (
𝜃௖
𝜃ଵ
)ଶ

Sellers et al, 1992
𝐸௦௢௜௟ = 𝜌௔

1
𝑟௔ + 𝑟௦

𝑞௦ 𝑇௦ − 𝑞௔

𝑟௦ = 𝑒଼.ଶ଴଺ିସ.ଶହହ
ఏభିఏೝ
ఏೞିఏೝ

610/6/2015 TOWARD A BETTER REPRESENTATION OF BARE SOIL EVAPORATION IN ORCHIDEE

•  Work performed by A. Tootchi (Master 2) 
•  Testing 2 formulas for Esoil with a soil resistance 
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Tests at Fluxnet sites 

•  Over a deciduous forest 
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Bias on Latent heat at winter time 

ORCHIDEE Best et al, 2011 Sellers et al, 1992

DK-Sor 2.3 36.6 8.8 -1.0
FR-Hes 1.8 52.9 17.1 2.4
IT-Col 2.8 2.5 -1.3 -4.7

US-WCr 1.8 25.0 16.4 9.6
US-Ha1 7.4 4.6 -3.4 -11.9
US-Ne1 10.2 2.4 1.8 0.3
US-Bo1 16.0 38.7 33.1 21.2
HU-Bug 6.2 -4.0 -4.5 -7.4
US-Fpe 3.6 3.4 -1.6 -10.0
US-Var 21.2 19.7 17.3 13.5

PFT Station
Winter LE Fluxnet 

observation 
(W/m2.s)

LE winter bias (W/m2.s)

Temperate 
deciduous 

broadleaf forest

Cropland C4

Grassland C3

Improved
Deteriorated
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Work on Epot via the aerodynamic resistance 

 
 
 

⇒ One assumes that the trunk and the branches 
impact as a full canopy coverage on z0 

•  Search for literature supporting that z0 varies with 
LAI 
–  Ershadi et al. (2015) uses the formulation of Su et al. (2001) 

resistance and a single aerodynamic resistance to heat and vapor.
The PM model for estimation of actual evaporation can be formu-
lated as follows (Brutsaert, 2005):

kE ¼ DAþ qcpðe$ % eÞ=ra

Dþ c 1þ rs
ra

! " ð1Þ

where kE is actual evaporation in W m%2, k is the latent heat of
vaporization (2.43 ' 106 J kg%1), D is the slope of the saturation
water vapor pressure curve at an air temperature Ta, q is air density
(m3 kg%1), c is the psychrometric constant defined as
c ¼ cpPa=ð0:622kÞ with cp being specific heat capacity of air
(J kg%1 K%1), and Pa is the air pressure in Pa. e⁄ % e is the vapor pres-
sure deficit, with e⁄ the saturation vapor pressure and e the actual
vapor pressure of the surrounding air (both in Pa). The aerodynamic
and surface resistance parameters (ra and rs) are in units of s m%1. A
is the available energy, defined as A = Rn % G0 with Rn and G0

describing the net radiation and ground heat flux, respectively.
The aerodynamic resistance formulation used in the standard

PM model of this study is that of Thom (1975) (hereafter Thom’s
equation):

ra ¼
1

j2ua
ln

z% d0

z0m

# $
ln

z% d0

z0v

# $% &
ð2Þ

where z is measurement height (m), ua is wind speed (m s%1),
j = 0.41 is von Karman’s constant, d0 is displacement height and
z0m and z0v are the roughness heights for momentum and water
vapor transfer, respectively (all in meters). Following Brutsaert
(2005), we assume z0v = z0h with z0h being the roughness height
for heat transfer. It is common practice to use roughness parameters
(d0, z0m, z0h) with static values calculated as a fraction of the canopy
height (hc), so here we employ the equations suggested by Brutsaert
(2005):

d0 ¼ 0:6 _6hc

z0m ¼ 0:1hc

z0h ¼ 0:01hc

ð3Þ

For the estimation of the surface resistance, the Jarvis scheme of
Jacquemin and Noilhan (1990) (hereafter Jarvis method) is used
(see Appendix B).

2.3.2. Two-layer Shuttleworth–Wallace (SW) model
The Penman–Monteith model was extended to a two-layer con-

figuration by Shuttleworth and Wallace (1985) (SW) that included
separate canopy and soil layers. The total evaporation in the SW
model is kE ¼ CcPMc þ CsPMs, where Cc and Cs are resistance func-
tions for canopy and soil (respectively). PMc and PMs are terms that
represent the Penman–Monteith equation applied to full canopy
and to bare soil:

PMc ¼
DAþ qcpðe$%eÞ%Drc

aAs
ra

aþrc
a

Dþ c 1þ rc
s=ðra

a þ rc
aÞ

' ( ð4Þ

PMs ¼
DAþ qcpðe$%eÞ%Drs

aðA%AsÞ
ra

aþrs
a

Dþ c 1þ rc
s=ðra

a þ rc
aÞ

' ( ð5Þ

where A is the available energy for the complete canopy
(A = Rn % G0) and As is the available energy at the soil surface
(As ¼ Rs

n % G0)). Rs
n is net radiation at the soil surface, which can be

calculated using Beer’s law as Rs
n ¼ Rn expð%C ( LAIÞ, with C = 0.7

representing the extinction coefficient of the vegetation for net
radiation. The resistance parameters in the SW model include bulk
canopy resistance (rc

s), soil surface resistance (rs
s), aerodynamic

resistance between soil and canopy (rs
a), canopy bulk boundary

layer resistance (rc
a) and aerodynamic resistance between the

canopy source height and a reference level above the canopy (ra
a).

In application of the SW model, ra
a and rs

a are calculated using the
methodology by Shuttleworth and Gurney (1990) (hereafter
SG90). Details of the SW model formulation, as well as the standard
parameterization of the resistances used in this study are detailed
in Appendix C.

2.3.3. Three-source Mu et al. (2011) (Mu) model
The three-source PM model used in this investigation is based

on that developed by Mu et al. (2011). In the Mu model, total evap-
oration is partitioned into evaporation from the intercepted water
in the wet canopy (kEwc), transpiration from the canopy (kEt) and
evaporation from the soil (kEs), defined as kE ¼ kEs þ kEt þ kEwc.
Evaporation for each source component is derived from the PM
equation and weighted based on fractional vegetation cover (fc),
relative surface wetness (fw) and available energy.
Parameterization of aerodynamic and surface resistance for each
source is based on biome specific (constant) values of leaf and
stomatal conductances for water vapor and sensible heat transfer,
scaled by vegetation phenology and meteorological variables. From
a forcing data perspective, one advantage of the resistance param-
eterization in the Mu model is that it does not require wind speed
and soil moisture data: two variables that are often difficult to pre-
scribe accurately. Specific details of the model formulation are pro-
vided in Appendix D.

2.4. Inclusion of a dynamic roughness parameterization

In addition to assuming roughness parameters (d0, z0m, z0h) as a
constant fraction of the canopy height (i.e. static roughness) as
detailed above, these variables can also be estimated via a physi-
cally-based method. Su et al. (2001) used vegetation phenology,
air temperature and wind speed to provide dynamic values of
roughness parameters based on the land surface condition.
Details of this method are provided in Appendix E.

2.5. Developing model parameterization scenarios

To examine the influence of resistance schemes and model
structure on flux simulations, we developed fourteen unique sce-
narios. Details of these distinct combinations are provided in
Table 1. For the default model implementations described above
(denoted here as PM0, SW0 and Mu0), parameterizations of the
aerodynamic and surface resistances are not modified. For each
model type, alternative scenarios are developed to examine the
influence of aerodynamic and surface resistance parameterization
(see Appendices B–E) and are denoted by superscripts 1, 2, 3, 4

Table 1
Features of the fourteen model parameterisation combinations for estimating
evaporation, where rs is the surface resistance and ra is the aerodynamic resistance
(see Section 2.3 and Appendices B–D for model and parameterization details).

Scenario Model rs ra Roughness

PM0 PM Jarvis Thom Static
PM1 PM Mu Thom Static
PM2 PM Jarvis Thom Dynamic
PM3 PM Mu Thom Dynamic
PM4 PM Mu Mu N/A

SW0 SW Jarvis SG90 Static
SW1 SW Mu SG90 Static
SW2 SW Jarvis Thom Dynamic
SW3 SW Mu Thom Dynamic
SW4 SW Mu Mu N/A

Mu0 Mu Mu Mu N/A
Mu1 Mu Mu Thom Dynamic
Mu2 Mu Mu Thom Static
Mu3 Mu Jarvis Mu N/A

524 A. Ershadi et al. / Journal of Hydrology 525 (2015) 521–535

 where 
–  z is measurement height (m) 
–  ua is wind speed (ms-1) 
–  k von Karman’s constant 
–  d0 is displacement height 

–  z0m and z0v the roughness 
heights for momentum and 
water vapor transfer 
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Evaluation at site level (1) 

OBS 
11-layer 
11-layer with Su 

Latent Heat flux @ Walker 
Branch site (TeDBF) 
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Evaluation at site level (2) 

OBS 
11-layer 
11-layer with Su formulation 
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Evaluation at site level (2) 

OBS 
11-layer 
11-layer with Su formulation 
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Conclusion & Perspectives 

•  Complementary works performed for reducing bare 
soil evaporation 
•  Soil resistance 
•  Aerodynamic resistance via a dynamic roughness height 

•  Accounting for a roughness height varying with the 
canopy coverage  
–  can correct alone for the bias on evaporation 
–  a soil resistance can be added but it is not needed 

•  Studies in arid regions could be envisaged or under 
dried conditions 


