EVAPORATION,
INTERCEPTION,
TRANSPIRATION

Topics today
 Announcements + Risk Assessment Info
 Evapotranspiration
 Canopy interception
 PET
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This year’s theme – Nature for Water – explores how
we can use nature to overcome the water challenges
of the 21st century.

http://worldwaterday.org/

https://www.pub.gov.sg/getinvolved/singaporeworldwaterday
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Risk assessment forms – IVLE

https://ivle.nus.edu.sg/v1/LessonPlan/student/stdlessonplan.a
spx?LesPlanID=65e57091-3102-4d5b-8637854af2f8aed2&Preview=&expand=1

After we finish with the budget exercise (at the end of this lecture), you can start working on the Risk
assessment for your project site visits.
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Today
Physical & biophysical processes!

All very important if you are
interested in quantifying the
water cycle (balance, budget) of
a watershed.

Last time…

Philosophy: you cannot manage something
unless you know how it works!

week 2
week 5

week 6

week 7
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Evaporation from soils & water bodies +
+ Plant interception +
+ Transpiration

ET

• Affects water yield
• Determines what proportion on precipitation input becomes streamflow
• It’s influenced by land-use activities (altering vegetation and water bodies)

Evapotranspiration

Precipitation

From the water budget

Change in storage

𝐸𝑇 = 𝑃 − 𝑄 − ∆𝑆 − ∆𝑙
Streamflow

GE4211

all in mm!

Change in seepage
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wiki

𝐴𝑟𝑖𝑧𝑜𝑛𝑎 → 𝐸𝑇 ≥ 95% 𝑜𝑓 𝑎𝑛𝑛𝑢𝑎𝑙 𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 (~300 𝑚𝑚)
𝑈𝑆𝐴 → 𝐸𝑇 ≥ 70%

𝑑𝑟𝑦 𝑐𝑙𝑖𝑚𝑎𝑡𝑒𝑠 →

𝐸𝑇
𝑃

≈1⟹

𝑄
𝑃

≈0

https://www.usnews.com/news/best-states/arizona
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Credit: © Pakhnyushchyy / Fotolia

ET is the result of cumulative
evaporation processes, requiring:
o change in the state of water
from liquid to vapour
o net transfer of this vapour to the
atmosphere

In humid climates, 𝐸𝑇 is governed by the available energy and not so
much by water availability.

Energy budget

𝑅𝑛 = 𝑳𝑬 + 𝐻 + 𝐺 + 𝑃𝑠
GE4211
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ET
process

• Evaporation describes the net flow of water
away from a surface.
• The vapour pressure of water molecules at
the evaporating surface must exceed the
vapour pressure in the atmosphere for
evaporation to occur!

Conceptual relationship

𝑒𝑠 − 𝑒𝑎
𝐸 𝑜𝑟 𝑇 =
𝑅𝑣

vapor pressure deficit
resistances (internal + atmospheric)

𝑚𝑎𝑠𝑠 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡
𝑇𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑡 𝑧𝑜𝑛𝑒

𝑒𝑠 vapor pressure of the evaporating surface
𝑒𝑎 vapor pressure of the atmosphere

𝐵𝑜𝑢𝑛𝑑𝑎𝑟𝑦 𝑙𝑎𝑦𝑒𝑟 < 1 𝑚𝑚

𝐻2 𝑂 diffusion

𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑛𝑔 𝑜𝑟
𝑡𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑖𝑛𝑔 𝑠𝑢𝑟𝑓𝑎𝑐𝑒
GE4211
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Evaporation from water bodies
Evaporation from lakes, ponds, reservoirs, or swimming pools is determined only by energy and vapour flows

• In respect to reservoirs (& water supply)
 evaporation losses are important in
determining whether the reservoir storage
is sufficient to meet water demands.

vickiwilsonphotos.wordpress.com

Methods  water budget approach or empirical relationships
GE4211
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Evaporation from soil surfaces
• More complex phenomenon than
evaporation from a water body
• Deficient soil moisture limits
evaporation at the active surface
regardless of the energy input
• With time, evaporation rates decrease
without no moisture input
• How much water will evaporate from a
soil under “dry” conditions depends
largely on soil texture.
https://www.vaderstad.com/en/know-how/basic-agronomy/let-nature-do-the-work/soil-water-management/

Week 2
GE4211
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𝐼𝑐

Canopy Interception

the type, extent, and condition of vegetation and plant
litter influences the pattern of deposition and the amount
of precipitation reaching the soil surface

𝐼𝑐 = 𝑃𝑔 − 𝑇ℎ − 𝑆𝑓
𝐼𝑐  canopy interception loss
𝑃𝑔  gross precipitation (from last time)
𝑇ℎ  throughfall – the precipitation that passes
through the vegetative canopy or as a drip from
vegetation
𝑆𝑓  stemflow – the water that flows down the
stems to the ground surface

𝐼𝑙  litter interception
GE4211
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𝐼𝑐

Canopy Interception
Rainfall partitioning into different pathways depends on vegetative cover characteristics, e.g.:
• leaf type
• leaf & branch surface area
• branch attitude
• shape of the canopy
• roughness of the bark

www.vecteezy.com

𝑡𝑖𝑚𝑒, 𝑚𝑎𝑡𝑢𝑟𝑖𝑡𝑦

𝑇ℎ ↓

𝑆𝑓 ↑

𝑙𝑒𝑎𝑓 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 & 𝑙𝑖𝑡𝑡𝑒𝑟 ↑
GE4211
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𝐼𝑐

Measuring Canopy Snow Interception

Chunyu Dong (2016) PhD thesis (source for all figures on this slide)
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𝑇ℎ

Throughflow

Figure: Véliz-Chávez et al (2014)

How much of the rainfall will reach the forest floor depends on:
• canopy coverage
• total leaf area
• number of layers of vegetation
• rainfall intensity
Empirical relationships!
GE4211
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𝑆𝑓

Stemflow
http://www.deeproot.com/blog/blog-entries/design-implications-for-stemflow-from-urban-trees

• Stemflow is usually < 2% of gross annual precipitation (but
can be higher too)
• It is affected by branch attitude, shape of tree crown, and
the bark roughness.

• Although stemflow is not a large quantity in
terms of an annual water budget, the
process can be an important mechanism of
replenishing soil moisture.

• Stemflow concentrates water in a small area
near the base of the tree stem.

https://doi.org/10.1016/j.scitotenv.2017.05.017
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𝑆𝑓

Stemflow and the City

https://youtu.be/ROMDcPpyK-Q
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𝑃𝑛

Net Precipitation  Interception as a loss

The cumulative interception over time can be an important part of ET that
represents a loss from measured gross precipitation.

𝑃𝑛 = 𝑃𝑔 − 𝐼
𝑃𝑔  the gross precipitation measured by rain gauges in the open
𝑃𝑛  the amount of precipitation available either to replenish soil water deficit or
to become surface, subsurface, or groundwater flow
𝐼  interception loss 𝐼 = 𝐼𝑐 + 𝐼𝑙 , where
𝐼𝑐  canopy interception loss
summer rainfall
𝐼𝑙  litter interception

Interception losses are affected by:
• the type of precipitation (rain or snow)
• the intensity and duration of rainfall,
• wind velocity
• evaporative demand

generally results in
greater losses than
with snowfall

The total interception loss is the sum of:
• water stored on vegetative surfaces (incl.
forest litter)
• the evaporation from these surfaces
It can be calculated on single storm resolution

GE4211
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𝐼 & 𝑃𝑛

Interception loss & the Water Budget

𝑃𝑛 = 𝑃𝑔 − 𝐼
To calculate 𝑃𝑛 , we need to quantify each term by:
• measuring on individual plots
• estimated for designated forest stands
• estimating over watershed  more difficult (uncertain)
Photo by deltaMike, flickr

Factors influencing the estimation on watershed scales:
• Spatial variability of the tree canopy cover type and
extent
• Canopy stratification (layering)
• Storage capacity of the litter
GE4211

http://www.nature.com/scitable/knowledge/library/principles-of-landscape-ecology-13260702
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𝐼

Interception & the Tropics

• Interception losses of forests in the humid tropics are more
variable than in temperate regions.
• large waxy leaves & the frequent high-intensity rainfall
favour smaller percentages of interception
for cloud forests interception adds moisture to the soil

atmospheric moisture condenses on
vegetative surfaces, coalesces, and
drips from the canopy

wonderopolis.org

GE4211
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𝐼

Interception and the City

The role of
interception in
reducing net
rainfall during
large storm
events has
generally been
ignored by
hydrologists in
stormflowflood studies

https://youtu.be/TZt8aD88lTY

GE4211

21

Transpiration
Transpiration requires that liquid water must flow through:
1) the soil to plant roots,
2) up the plant,
3) to the leaf–atmosphere interface
𝝍𝒑𝒍 = 𝝍𝒐 + 𝝍𝒑 + 𝝍𝒕 + 𝝍𝒈 + 𝝍𝒎
Familiar formula :D from soil-water potential!

Sapflow velocity for woody plants
Different resistances

Plant water
potential

GE4211
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Evapotranspiration

Evaporation:
• from soil
• from surface waters
• from intercepted precip

Transpiration

 Net Precipitation

Consumptive use ↑

GE4211
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𝐸𝑇

Estimating Actual Evapotranspiration

• At the watershed scale, ET losses are affected by net radiation, advection, turbulent transport, and
vegetative characteristics including plant structure, leaf area, stomatal resistance, canopy resistance, and
plant water availability.
• Measuring actual ET on a watershed scale  no practical field methods
• Usually, actual ET is estimated for a particular vegetative type or for uniform land cover by using the
energy budget.
• Remote sensing methods may allow estimation for entire watershed, however it may be affected by nonuniform aerodynamic roughness, and surface T–air T rrelationships, and atmospheric stability.
• So, in the absence of practical ways for measuring actual ET, hydrologist and watershed managers use
PET and relate it to the available water in the watershed  requires knowledge on soil-water
characteristics & plant response to soil-water changes.
GE4211

24

𝑃𝐸𝑇

Potential Evapotranspiration

• PET concept comes from ET studies of irrigated crops

Penman-Monteith (!)

• PET was initially defined by Penman (1948) as the

Daily resolution!

amount of water transpired in a unit of time by a
short green crop, completely shading the
ground, of uniform height, and never short of
water.
• This was supposedly an expression of the maxET that
could occur and was limited only by available energy
• Penman’s equation has been modified to include plant
coefficients that express physiological and aerodynamic
resistance of vegetation
• Penman–Monteith equation (Monteith, 1965) is widely
used & addresses some of the limitations of previous
equations.

↑ only for completeness of the notes, there is no expectation that you
will learn the formula, but you could look at the terms…

GE4211
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Water budget  exercise!  you’ll have to report on this in the Quiz
The numbers are on p.110, but do you know how to
calculate them?
What other information do you need?
What are the assumptions?
What is the absolutely critical information you need, in
order to calculate October Runoff?
How do you get that information?
All you need to start the exercise is the water budget:

𝑬𝑻 = 𝑷 − 𝑸 − ∆𝑺 − ∆𝒍
& “Water Budget Approach”
(p.108-109, especially the last paragraph)

GE4211
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And if we have time left… see a story from Idaho on managing water rights (water consumption) and satellite
derived ET values on single field.
Ignore the ridiculous parts with actors, rock-stars etc. and focus on the water management issues!

https://vimeo.com/179470299
GE4211
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GE4211 ADVANCED HYDROLOGY & WATER RESOURCES MANAGEMENT
2017/2018 Sem.2

Questions?

Homework quiz 1 deadline: 11:00 pm, 11th Feb

Next time : Inﬁltration, Pathways, Recharge
GE4211
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The slides were based on Chapter 4 of Hydrology and the
Management of Watersheds, 4th edition (2013) by Kenneth N.
Brooks, Peter F. Ffolliott Joseph A. Magner 

Please, go through the relevant parts of this chapter when you
have time…
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