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Calculation of Interception

Spatial distribution of intensity of rainfall.

1) = (2o (42)

where P (kg m? s?) is the area- avera%e rainfall rate, P; (kg m™ s!) is the rainfall rate over a small
area and u is the fraction of the grid box area over which the rain is assumed to fall. In CHESS, this is

setas 1.
Throughfall (T) is then calculated:

T, =P(1—é)exp(—8PCT";)+Pé

where C (mm) is the amount of rainfall stored on the leaves, C,, (mm) is the maximum capacity
which depends on the leaf area index of the vegetation and €13 a tuning factor.

Fraction (F) is assumed the fraction that is wet and used to calculate the evaporation.

C
F=-—
Cm




Rest of Hydrology

Runoff generation: PDM (Pareto Distribution):
/11
fsat =1- (1 _9_)
S

Soil Moisture redistribution: Darcy Richards Equation:
W=k (2 +1)

With van Genuchten (1980) formulations:

@)=

[1+(0(1/)5)(1 =, ]m 5

e=ki() [1- (1= )")]

Where 15 (m) is the suction at saturation and kg (kg m2 s?) is the conductivity at
saturation while a and m are model parameters
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Questions to be asked......

Precipitation increase: 2.95 mm per year
Runoff increase: 1.6 mm per year
PET increase: 0.7 to 0.77 mm per year

* Is the evaporation of GB and the regions increasing or decreasing?
* Which components of the evaporation are contributing to the trend?
 What meteorological changes are driving these changes?

* What impact does the increase in atmospheric CO, have on the
trend?
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Sensible Heat [W m™*], Climatology

Latent Heat [W m2], Climatology

Alice Holt Cardington Easter Bush Griffin Forest
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Van den Hoof et al (2013):

7 forest interception to range
Ty T R S e from 13% to 25% of the total
evaporation while for grasses
it is more like 10%.

Latent Heat [W m~?], Climatology

NowW w -~ @ ©
I-OEO ngog o O o
T T T T T T

n n P M 0 " M P " P " "
n Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar AprMay Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

[++]
o

3

Nisbet (2005) forest
interception about 20% for

|
N
o

—40 L T o M —20 M L T T S L —30 —60 MR S— I L n
Jan Feb Mar Apr May Jun jul Aug Sep Oct Nov Dec Jan Feb Mar AprMay Jun Jul Aug Sep Oct Mov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Alice Holt

" = = DA CEREE N N | broadleaf trees and 35% for
;j - h needleleaf of rainfall
. Both about right.......

Evaporative Fraction Transpiration, Bare Soil Interception, | Overall overestimate by about
as % (mmyr?) Evaporation, B 10%
Obs Model Eiot Etot Etot

88 81 832 54 29 24 13 22 11
77 85 562 60 45 22 17 18 13
77 77 876 50 21 24 9 27 12

61 95 1215 35 11 13 4 52 17



Latent Heat [W m 2], Climatology
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R, Yearly SW Radiation vs Actual Evaporation
! ! TR ! !

0.5

| |“ R, Yearly Precipitation vs Actual Evaporation

1

0.75
-
________________________________________ 05
:'. " "' " : :

DA BT el YW | g e et | Ll L, O £ BT L 0.25

—0

Teuling et al, 2009. A regional perspective on trends in continental evaporation. GRL | = e ™ 4 LA R e e

[ [-0.25

-0.5

Correlation of annual Evapotranspiration with Precipitation and ShortWave Radiation

-0.75




Annual and Regional water budgets
Correlation with Precipitation (P) and Short Wave

Radiation (SW)
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Conclusions (Blyth et al, 2018, being submitted)....

1. Modelled evapotranspiration increaseséo.9 mm per year) are higher than increases in PET (0.7
to 0.77 mm per year) and leave no trend in soil moisture.

2. There is a large contribution of interception to the overall evaporation in GB (30%). This is due
to the combination of wet and windy areas (West Scotland) with evergreen needle leaf trees
which have a high interception capacity.

3. The evaporation from a wet forest often exceeds the PET, drawing down energy in the form of
negative sensible heat (i.e. cooling the air) to drive it.

4. Interception fraction scales with Brecipitation rather than energy. This confirms the summary
of observations presented by Nisbet (2005).

5. Over the last 5 decades, precipitation has increased faster (2.96 mm yrt) than the PET (0.77
mm yr1). This increase in precipitation, combined with the high interception rates in GB
explains why the trend in evapotranspiration is higher than the trend in PET.

6. The effect in the model of an increase in CO2 was to reduce the upward trend in
_evapotranspwatmnéwa_a reduction in transpiration) by a factor of 38%. There was a smaller
impact on the runoff with a 5% increase in overall runoff.



