Evapotranspiration



Learning objectives

* Describe how we can measure and
model evapotranspiration.

* Explain the controls
evapotranspiration.

* Explain how we can measure

transpiration from individual leaves.
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Why do we care about evapotranspiration?
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Why do we care about evapotranspiration?

The Water Cycle
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Why do we care about evapotranspiration?

POSITIVE FEEDBACK LOOP

Adding carbon dioxide to @ The warm atmosphere @ Since water vapor is a

the atmosphere tends to causes surface water to greenhouse gas, the atmosphere
warm the atmosphere, evaporate and become tends to warm even more as
causing global warmmng, waler vapor. water vapor increases.

Global Increased

warming water vapor

— e I::l ~'5. .
Warms atet®

@ 2009 Pearson Education, Inc.
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Natural vegetation growth & agriculture

Photo: J. Verfaillie

Photo: S. Knox
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Global evapotranspiration
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There are many ways to measure/estimate ET

Can you name 2 based on what we’ve discussed so far in class?
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There are many ways to measure/estimate ET

a) Eddy covariance

b) Aerodynamic approach

c) M-O similarity framework (not discussed)
d) Bowen-ratio energy balance

e) Combination model (Penman-Monteith)

Micrometeorology {

a) Lysimetry

Water balance { b) Evaporation pans (potential E only)
c) Soil moisture change (TDR)

_ { a) Sap flow measurements (transpiration)
Plant physiology b) Porometry (transpiration only)
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There are many ways to measure/estimate ET

Temperature / Anemometer
humidity sensor
Temperature / Anemometer
humidity sensor

1AM
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Review: The aerodynamic method.

The aerodynamic method applied
to Or

 L,k*AulAp,
In(22/21)]?

Requires a rather special
experimental set-up with high
accuracy instruments typically not
found at standard climatological or
agrometeorological surface
stations. And: empirical
corrections for non-neutral
conditions are needed.

Qe =

Temperature /
humidity sensor

Temperature /
humidity sensor

Anemometer

Anemometer

141N
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The Bowen ratio energy balance approach (1/3)

Assumptions: Steady state, constant flux layer, similarity of turbulent
fluxes (Ku = Kk).

The assumption Ky = Kr is much better than the assumptions in the
aerodynamic and resistance approaches where Ky = Kr = Ky, The
approach can be used regardless of stability.

Temperature /

% humidity sensor

] Temperature /
w4 humidity sensor

LI

Soil heat flux plate
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The Bowen ratio energy balance approach (2/3)

Taking the ratio of the K-forms of flux-gradient equations for the two
turbulent fluxes, i.e. the Bowen ratio p:

_Qu

= Qs
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The Bowen ratio energy balance approach (2/3)

Taking the ratio of the K-forms of flux-gradient equations for the two
turbulent fluxes, i.e. the Bowen ratio p:

= Qu _ Ky pa cp (A8/Az)
QE KE L'v (AP_U/M

Pa CpAD = A6

L,Ap, 'Ap,

g

Where v = pc,/L, = C,/L, isthe psychrometric ‘constant’ which depends
on temperature and atmospheric pressure.
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The Bowen ratio energy balance approach (3/3)

From the energy balance equation

Temperature /

Q" -Qe = Qep+Qnu "-'
p— QE(l ‘|‘ /8) ‘ Net radiometer
_ @ -Qc
@p = 1+ 4 *
O e

1+ (vA2)

Temperature /
humidity sensor

[ 7@%]

Soil heat flux plate

We require: Net radiometer (0%, soil heat ~
flux plate (Oc) and two heights of 7/4 if/ﬁw,__ |
temperature 6 and absolute humidity p..
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The combination model approach

The most used evaporation framework combines the aerodynamic
equations (in the resistance format) and the energy balance principle.
This is operational using relatively easily observable terms representing

* energy availability
 drying power
* level of turbulent activity

The whole scheme is made possible by a
linearization of the saturation vapour concentration
vs. temperature curve (by Howard Penman).
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Combination model: Penman’s linearization

The vapour density difference driving - 9p; - Ap,
evaporation of a wet surface is the oT AT
difference between the saturation value Py
at surface temperature 7) and the actual = T
value in the air Pva (i.e. Poo — Pva ). This o1 T)
FE

can be split into two parts,
BBl 9 5 = P o
» :avdd:a

The 1st term can be approximated using
a linearization of the surface-air vapour
difference, the 2nd term is the vapour
density deficit of the air (vdd.): AESEECERES

Figure A2.9 Saturation vapour density vs temperature diagram

= showing Penman’s transformation.
Pv0 — Pva =-+ vddg (1)

'VAPOUR DENSITY
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Combination model: saturated surface

The simple resistance formulation for a The resistance formulation for Ou:
saturated surface for Qc:

QE _ Lv Pvo — Pva Q) QH —C, 1o — 1T, 3)

Ta_v TG’H
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Combination model: saturated surface

The simple resistance formulation for a The resistance formulation for Qu:
saturated surface for Qke:

QE _ Lv Pvo — Pva Q) QH —C, Iy — 1, 3)

Tay / T'ay
substitution of \

(1) into (2) = L, —V+ L, vdd,

Replace Ty - T, using (3), and assume similarity i.e. Ky = Kr and therefore ray = ray

Lv SQHAA L'U ‘Udda
Qe = +
Ca NV FaV

()
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Combination model: the Penman model

L,sQyg L, wvdd,
= =
Ca FaV

QE

Now, we replace Oy using the energy balance equation (Ox= O* - Q¢ - Or), use the
psychrometeric constant v = Ca/Ly and similarity ra = ran.

Qn = 2(Q" - Q¢ — Q) + Lo04%/Tan
Y Y

re-arrange gives the Penman (1948) equation for a saturated surface:

s+

available energy term vapour deficit term

(7)
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Combination method: Instrumental needs

For the combination we need:

Anemometer

* Air temperature / humidity Temperature /
measurements at 0n|y one level humidity sensor

 Available energy (net radiometer
and heat flux plate).

* A method to estimate r.x, usually
wind at one level (knowledge of
zp, for neutral stability only).

Net radiometer

The approach has neatly 7
eliminated profiles and 7, both T/WNPLH-— J TMI%W)

difficult to measure.

Soil heat flux plate
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Join at:
vevox.app

What are the controls on evapotranspiration? ID:
433-971-976

Knox / GEOG 321
Topic 31 — Evapotranspiration



Controls on evapotranspiration

Solar Radiation N
Temperature

Wind

| —

Humidity

lé

Source: https://www.campbellsci.com/blog/evapotranspiration-101
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Controls on evapotranspiration

Solar Radiation ! 2

\
Temperature ! ;

Source: https://www.campbellsci.com/blog/evapotranspiration-101
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Direct approaches to measure evapotranspiration

The eddy covariance approach (lab visit

and lecture 24) allows a direct

determination of the mass flux density of

water vapour E, if vertical wind speed w

and absolute humidity p, are measured

at high frequency at same location:
F=wh

kg m-2 s-1 ms'! kgm3

E can be converted to an energy flux
density - multiplying by the latent heat of

vaporization L,:
o=

Jm2g1=Wm2 J kg!' kg m2s-
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EC

IS

most suited for continuous ET measurements

Burns Bog 2014 / 2015
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Lysimeter

In a lysimeter, the weight changes
of a representative soil plus
vegetation monolith (isolated from
the environmental soil) are
continuously monitored.
Simultaneous measurements of
precipitation allow to solve the water
balance for E for this one-sided
closed system.

Change is soil water (kg m=2 h-1)

Evapotranspiration = Mass change of monolith

(kg m2 h-) o
[oa Amy,
— P TA

Precipitation (kg m2 h-'=mm h-1)

|

External
Container

RLIF ot
ﬁaﬂ‘é’g

FHSS AR

o Pl
P'0ss et s 0 00

A e A O

3

(- YRl g

v a'.‘,’o o

5 S v 1 AN @z

gl ([ I on ‘\X o
Ud A o3

N = \ oy
\ 1 I Hex bolts 1“ PVC pipe :_.‘:{
- — A empetrature sensor aluminum @r; |(_;)p 3‘:;:
//‘11 platform v O
Load cell and base 25
> ._] 7 3/" O D ;:..g
Al / S
el DUNSOr "9
e :1 cable J 2 == -1 O

My, L)

Concrete base
l,h vvw'—!—‘”
Y '[?v:."

- ‘.'“

Hex bolls

or A S h & S Y e R
L4 ,‘4\# LA
. AL

“4Loose slono > .
O’\’L_}, ).:O\ 7 by

N B atas)

‘:I- - ‘\?“:) - Q

Leveling feet (4),
3 shown
o t-rn( v

— =
2 ann < ;’;,(3’ 5. (’

L4 \‘--‘;0 1\ \)')\) \)).‘(‘\\’
" ni) , ()\)\\A' O\)L

- N

ysuneter design (modified from Isard and Belding, 1989)

Knox / GEOG 321
Topic 31 — Evapotranspiration



Installation of large weighing lysimeter over bare soil

All photos provided by A. Black, UBC.
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Lysimeter

Manometer

In a more realistic design, deep
vertical water movements in the
soil (percolated water) are
monitored - at least in one
direction, by collecting drainage
water (d) in a sump:

Am,,
E=p-—
P ‘f At

deep soil drainage rate (kg m? h-'or mm h-1)
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Sap flow

Sap-flow measurements are a
method to quantify transpiration
of a single tree.

A local heating source is
introduced into the stem of the
tree. In a defined distance Az
above, the temperature increase of
the stem is measured. This can be |
related to the rate of heat transfer ==& = ° |

- ; Two sap flow measurements at the stem of an olive tree Photo: A Christen
by moving water in the stem.

Assuming an equilibrium state, sap flow is equal the rate of transpiration
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Porometry

A porometer measures
the rate of water vapour
diffusing from a dry leaf
(no evaporation, only
transpiration) into a
chamber held against the
leaf.

Chamber
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Summary — Measurements of evapotranspiration

a) Eddy covariance

b) Aerodynamic approach

c) M-O similarity framework (not discussed)
d) Bowen-ratio energy balance

e) Combination model (Penman-Monteith)

Micrometeorology {

a) Lysimetry

Water balance { b) Evaporation pans (potential E only)
c) Soil moisture change (TDR)

_ { a) Sap flow measurements (transpiration)
Plant physiology b) Porometry (transpiration only)
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