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Introduction
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1935: Start of hydrologicalresearchin SA
Establishmentoflong-_tenn paired catch_mentstudies 1932: Discontinuing afforestation
Assess afforestation (lateralso agriculture) within 20m of riparian zone
on streamflow 1969: Soil Conservation act
1972: Afforestation Permit System
(APS) under Forestry Act of 1968

1970-1997: Tools to estimate impact of
afforestation onstreamflow
Nannicurves (Nanni, 1970)
Van derZel curves (Van der Zel, 1990)

1990: Evaporative losses
using micrometeorological

FPaired catchment studies (large scale integrating

techniques
CSIR curves Mid 1990°s: Process studies
(Scottand Smith, 1997) | 555egsing full hydrologica
Gushtables (Gush waterbalance
et al., 2002) informed by : :
evaporationresearch Focus:Evaporation 1998: :Jgtio::l,q\;\@ter Act
o] ou rica

Early 2000: Introduction 1999: Streamflow reduction
of scintillometry activities licensing
~2004: Remote sensing
basedtechniques

Hydrological process studies (field-scale disaggregating]

-

Integrated Land and Water -F!}l

Resources Management
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What is remote sensing?
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"Remote sensing is
the science of
acquiring
information about
the Earth's surface
without actually
being in contact with
it. This is done by
sensing and
recording reflected
or emitted
Electromagnetic
energy (and
processing,
analyzing, and
applying that
information)”
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Electromagnetic spectrum ®
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Sun Satellite Two main sources of
electromagnetic radiation
1. Sun
6 Visible (VIS)
® Near-infrared (NIR)
6 Shortwave-infrared (MIR)
¢ “Shortwave radiation”
(0.1to 3 um)
® Surface albedo (0.1to3 u
m)
. 2. Earth
Vegetation ' ¢ Thermal-infrared: 8 to
R TR % JUNT 14 pum
' ' ® “Long wave radiation” (5
to 50 um)
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Total evaporation
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Surface energy balance

Solar energy

Tra %piration

Energy
reflected
back into

atmosphere

Air

=

Solar energy

Energy
reflected
back into

atmosphere

temperature Evaporation Air
Evaporation changes }te:‘;&irgazz re
Soil *
temperatur temperature
changes changes
Dry surface Wet surface
e

The thermal sensor is a tool of geo-scientist to measure the health of vegetation in !
analogy with the thermometer of a doctor measuring the health of his patient (Anderson,
2008 EOS AGU Newsletter)

Spatial estimation of evaporation
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Thermal imaging
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Spatial scales
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Frequency | Landsat / | —
4 TIkonos ' ASTER / ! ﬂ‘i
| HJ-5/DMC ~ AVHRR /-
Two i o MODIS / |
weeks | . Fengyun 1
j 1 l
g ., GOES/
| ' METEOSAT
1 Day : !
| |
30 min. | IR s
t-4m 1 _3060m_ _ 250mikm i gy
>

Pixel size (resolution)
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Spatial scales
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Landsat 30m

Landsat / HJ 30m

~ N

e < aiz

SPOT 10m
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Combining remote and ancillary data
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Water resources management

® Assessing available methods [WRC]

® Characterising entire water balance [WR(]

® Application related to total evaporation, rainfall and soil moisture

é

é
é
é

Land use impacts (Irrigated agriculture) [WCPDA]

Operational data use (Irrigated agriculture, CMA’s) [WCPDA, WRC]
Land use change impacts (Invasive Alien Plants) [WFW]

Flood forecasting [WRC]

® In Space (Field - farm — catchment — province)
® Time (Historic > Current — Future)

Spatial estimation of evaporation 7-Sep-11
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Example 1 — Evaluation of available methods
(Jarmain et al., 2009 - WRC report 1751-1-09)
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Remote sensing approaches for Evaporation estimation — after Verstreaten et

al. (2008)
ppproach | Models leomputs
Parameterise surface SEBAL, SEBS, S-SEBI, Ts, NDVI, o
energy balance TSEB, METRIC
Penman-Monteith based Trapezoidal, Promet, Ts, VI (SAVI or NDVI), o
Granger
Water Balance based SWAP, Price Ts, VI, o
VI/LST based Nagler, Jackson Ts, EVI
R H ET
\ Simplified energy
balance
R = H+G+\AE
2 ME <> ET
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Example 1 - On-line evaporation examples
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Actual evapotranspiration field: 11 - 20 August 2011

2 -~ ’.,'537‘? .

® http://www.ears.nl/evapotranspiration_field.php
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Example 1 — Models, land uses

MODELS evaluated: g
|6 SEBAL

& METRIC

b SEBS [ 2
1® VITT (Trapezoid)

Degraded land
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Example 1 — Total evaporation
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g 2006 090

vy )
Fie Ry Vea ACL Taiw iy

GEHRDUESIP L RNUNw+ NN ~p»

08 LAS

B8 SEBAL

O METRIC
Trapezoid2

Sep- Oct- Now- Jan- Feb- Mar-
06 06 06 O7 O7 o7
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Example 1 — Total evaporation
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Example 1 — Evaluation of available methods Lj
(Jarmain et al., 20009 - WRC report 1751-1-09) =
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CONCLUSIONS

6 ET estimation is a
challenge

& RS based methods

N : o hold great potential |

Lo . & SEBAL
_ performed in
general best

& Energy balance
vs. ET (Day vs.

[] [>]
\mmus.ze.mmmlss (vTM/wcngiumm | @ Docume... | B1ks_175... | CaD:\proj... | BlKs_175.. [ =i\ | merons .. [FIEEPIIO=Y 1655 Pe riod)

& Hardly any
operational
examples for field
scale
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Combining remote and ancillary data
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Water resources management
® Assessing available methods

® Characterising entire water balance

® Application related to total evaporation, rainfall and soil moisture

é

é
é
é

Land use impacts (Irrigated agriculture)
Operational data use (Irrigated agriculture, CMA’s)
Land use change impacts (Invasive Alien Plants)
Flood forecasting

® In Space (Field > farm — catchment)
® Time (Historic > Current — Future)
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Example 2 — Resource assessment (Gibson et
al., 2009 - WRC report 690-1-09. )
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AS for a catchment
represents whether there
is a deficit or surplus of
water for the catchment

‘ Jf
T/ - |
ET for an irrigated region

e"b:ra -
- (i.e. crop) represents
water use.

AS=change in storage

P = precipitation g |l
ET = evapotranspiration [

Re =recharge

RO =runoff
1S=P-ET-Re-RO ij
5 Y <Z@
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Example 2 — Rainfall
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Annual and Monthly Rainfall from ARC-ISCW Decadal Grids: Oct 2007 - Sept 2008

Legend S
0ct 2007 - Sept 2008 Wby raietat oaw o
. ISCW_Sepe08td Q"r—
Legend ~ —lo-
[ms-a0 2
[ Je0.50 / ‘
[0 ! -m:m)
B o0 - 700 / / 1 100 - 150 //
I - &0 150 - 200
00 - 900 z . 200 - 250 A
[ - \ S0 - 30 \
I 001,000 .00 - 359 ‘\ /\‘)
N 100190 =:\:g \ /
| RREEE \\f
DecO7 March 08 April 08
\ e
- 3
J / J /
/ /

/ /

!‘/ \

U /

/ | \ / i)
P ¥

Sep1 08

Total volume rainfall (m?) = Mean rainfall (m) x catchment area (m?)
=0.61224 x1 260372 503
=771650461m’° 5} Y & Z
=0.771km3 F/ wes  ARC * LNR
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Example 2 — Total evaporation U
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0000000000

Total ?

evaporation

& SEBS model @
with MODIS
data

ETa (mm)
P High : 393

- Low: 233
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Example 2 — Soil moisture
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o
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©
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42%
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Soil moisture

é Linear regression
models and
multiple
polarization
models applied
for soil moisture
guantification

& Data: Envisat

dual polarization
and ALOS
polarimetric
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Example 2 — Runoff
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) Kilometers
024 8 12 16 20

Runoff (mm)

NORTH

RUNOFF

Spatial estimation of evaporation
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Example 2 — Recharge
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ey Kilometers
024 8 1216 20 NORTH

Recharge (mm)

RECHARGE
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Example 2 — Resource assessment L)
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CONCLUSIONS
® Great challenge

& Models
available but
often untested
in SA

6 Data
generated
requires
validation

® Integrating
point and
spatial data
sources
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Combining remote and ancillary data
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Water resources management
® Assessing available methods

® Characterising entire water balance

® Application related to total evaporation, rainfall and soil moisture

é

Land use impacts (Irrigated agriculture)

é
é
é

Operational spatial use (Irrigated agriculture, CMA’s)
Land use change impacts (Invasive Alien Plants)
Flood forecasting

® In Space (Field > farm — catchment)
® Time (Historic > Current — Future)

Spatial estimation of evaporation 7-Sep-11
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Example 3 — Total evaporation and water use
efficiency (Klaasse et al., 2008) waTes
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P

v

1 Hex Valley
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Example 3 — De Doorns valley

S o
t’:f'vr s 4159 km
| "y > X

e 4 1

Imaécry'DatcS' Oct 27,2005 - Jan 4: 2010

Spatial estimation of evaporation

©.2010 Google

Image ©2010 DigitalGlobe
Image ® 2010 GcgﬂEyc
® 2010 AfriGIS (Pty) Ltd

33°29'25.47"S

19°36'00.09" E

elev: 394 m

m.oGoog‘le

B
Eye alt 16.83.km
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Example 3 — Total evaporation
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[ =

250 S00 750 1000 1250
ion Sep-Apr (mm

Water consumption

Table grapes 2004-5

0.024
mean: 690
3 StDev: 126
@ 0.018
=]
o
o
& 0.012
0.006
P 0-000 T f

- 1133°29225.47"S °36' 0 100 200 300 400 500 600 700 800 900 1000 1100 :
Water consumption (mm)

Spatial estimation of evaporation 7-Sep-11 Another project sponsored by '



Example 3 — Total evaporation
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Table grapes 2005-6

mean: 866
StDev: 210

Frequency
o
o
=
o

0.005

Water consumption (mm)
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Example 3 — Total evaporation
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Table grapes 2006-7

0.018
> mean: 831
g StDev: 156
S
o 0.012
o
[

0.006

0.000 T 1 T

0 100 200 300 400 500 600 700 800 900 1000 1100 :
Water consumption (mm)
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Example 3 — De Doorns valley

S o
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Imaécry'DatcS' Oct 27,2005 - Jan 4: 2010
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©.2010 Google

Image ©2010 DigitalGlobe
Image ® 2010 GcgﬂEyc
® 2010 AfriGIS (Pty) Ltd
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Example 3 — Water use efficiency

e

t

WATER
RESEARCH
COMMISSION

4
Water use efficiency (ka/m3

Spatial estimation of evaporation
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Example 3 — Water use efficiency
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Spatial estimation of evaporation
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Example 3 — Water use efficiency
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3 38

4
Water use efficiency (ka/m3

Spatial estimation of evaporation

Im
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©.2010 Google

age ©@2010 DigitalGlobe

Image @ 2010 GeoEye

) 2010 AfriGIS (Pty) Ltd
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Example 3 — Total evaporation and water use ﬁ
efficiency (Klaasse et al., 2008)

RESEARCH
COMMISSION

Water consumption Yield Water use efficie

tons/ha
0

]

2004-5
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Combining remote and ancillary data
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Water resources management
® Assessing available methods

® Characterising entire water balance

® Application related to total evaporation, rainfall and soil moisture

é

Land use impacts (Irrigated agriculture)

Operational spatial use (Irrigated agriculture, CMA’s)

é
é
é

Land use change impacts (Invasive Alien Plants)
Flood forecasting

® In Space (Field > farm — catchment)
® Time (Historic > Current — Future)

Spatial estimation of evaporation 7-Sep-11
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Example 4 — Total evaporation (operational)

(Jarmain et al., 2011)
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1 GrapeLook i

About | Irrigation Information | Weather Forecast | Glossary | FAQ | Feedback

Irrigation Information

Map Options  Select the imgation information p Block Queries

Region Parameter Layer | Period | Load 2 region and parameter and
Sl > Sel 2 Se = i click on the blocks for forecast
ectaregion ect a parameter ovel v ason Tota v SR

Google [ 295 e
Weekly Graphs
Click a block in the map to retrieve the Weekly Prediction Graphs.

& www.grapelook.co.za
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Grape producing )
areas of Western
Cape

Near-real time
(weekly updates)

Weekly maps
(SEBAL)

6 Water
& Growth
& Nutrients

Forecasts (IrriLook) S
® Soil moisture
® Irrigation

requirements
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Example 4 — Actual evapotranspiration
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Map Options Select the irrigation information parameters.

Region Parameter Layer i Period

‘Vredendal v 7Actualevapotranspiration v 2011:01/05t0 01/11 : ~

¥

£y

1] 10 20 30 0 S0 60 70
201 1\01\05 - 2011401411 : Actual evapotransoiration [mmfweek]

| ¥ Parameter §
Blocks
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Example 4 — Evapotranspiration deficit
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Map Options Select the irrigation information parameters.

Region Parameter Layer } Period

Vredendal v 7Evapotranspirationdeﬁcit ~ 2011:01/05t0 01/11 ~

201 1\01\05 201101\ l Evaootransmratlon defcnt lmm/week]

¢
{200 m |
500 ft [
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Example 4 — Biomass production
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Map Options Select the irrigation information parameters.

Region Parameter Layer i Period
Vredendal -~ Biomass production + :2011:01/05t0 01/11: ~

1] 1000 1500 2000 2500
201 1\01\05 2011\01%11 : Biomass arowth lko/ha/weekl

POWERED BY
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Example 4 — Leaf area index
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Map Options Select the irrigation information parameters.

Region Parameter Layer } Period
Vredendal ~ iLeaf Area Index ‘v 2011:01/05t0 01/11 ~

0.0 0.5 1.0 1.9 2.0 2.9 3.0 S 4.0 4.5
2011%010\1 0 : Leaf Area Index [-]

Spatial estimation of evaporation



Example 4 — Crop factor k_k,
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Map Options
Region

Select the irrigation information parameters.

Parameter Layer §

Period

Vredendal

b

Crop Factor

+ :2011:01/05t0 01/11

0,20 0,40
201100105 - 201 1%01\11 ¢ Crop Factor [-1]

0.60 0.80

{ 200m |

500 ft
Spatial estimation of evaporation
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Example 4 — (Biomass) water use efficiency
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Map Options Select the irrigation information parameters.
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Google | I

Spatial estimation of evaporation

Another project sponsored by '



Example 4 — Weekly data maps
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Example 4 — Total evaporation (operational)
(Jarmain et al., 2011) waTeR

COMMISSION

Block 4495
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Example 5 — Total evaporation (operational) ﬁ
(K5/2079) nate
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& Water use N
efficiency of
irrigated
agricultural
crops
determined
with satellite
Imagery
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Example 5 — Total evaporation (operational)
(K5/2079)

RRRRRRRR
OOOOOOOOOO

SUGARCANE
2011/12

GRAIN CROPS
2012/13 .

Spatial estimation

Accuracy of
SEBAL
estimates

Show uses of
spatially
explicit data
Develop to
operational
application
Capacity
building
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Example 5 — Total evaporation (operational)
(K5/2079)

® Pilotstudy 1 -
Irrigated sugarcane
in Incomati
catchment

® Linked to EU
WATPLAN project

& Data delivery from
1 October 2011
(12 months)

& Data maps of ET, ET
deficit, Biomass,
Rainfall, Rainfall
minus ET
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Example 5 — Total evaporation (operational)

(K5/2079)
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Spatial estimation of evaporation

7-Sep-11

é Pilot study 2-
Irrigated grain
crops in Vaal /
Orange
catchments

& Data maps of ET,
ET deficit,
Biomass, Rainfall,
Rainfall minus ET

® Further
development of
data and
applications

=
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Combining remote and ancillary data
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Water resources management
® Assessing available methods

® Characterising entire water balance

® Application related to total evaporation, rainfall and soil moisture

é

Land use impacts (Irrigated agriculture)
Operational spatial use (Irrigated agriculture, CMA’s)

Land use change impacts (Invasive Alien Plants)

é
é
é

Flood forecasting

® In Space (Field > farm — catchment)
® Time (Historic > Current — Future)

Spatial estimation of evaporation 7-Sep-11
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Example 6 — Total evaporation of IAPs
(Meijninger and Jarmain, in prep.)
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ET - Invasive
Alien Plant

ET - Native
vegetation

| Wateravailability |

\ \ e,

Spatial estimation of evaporation 7-Sep-11 Another project sponsored K




Example 6 — Total evaporation of IAPs
(Meijninger and Jarmain, in prep.) wATER

Cil

@asive Alien Plant (IAD non-indigenousspecies....adversely affect.... hydrology '—ﬁ' -

Total evaporation sum of water lost from a surface.... transpiration by vegetation,
(ET) soil evaporation or evaporation of intercepted water
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Example 6 — Total evaporation of IAPs
(Meijninger and Jarmain, in prep.) wTER
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Precipitation excess: ~35 mm yr!

Annual ET | 2002- | §
l 250 [mmyr.;l] 2003 \

500
' 750

1000
B 1700

Spatial estimation of evaporation 7-Sep-11 Another project sponsored K



Example 6 — Total evaporation of IAPs
(Meijninger and Jarmain, in prep.)
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Example 6 — Total evaporation of IAPs
(Meijninger and Jarmain, in prep.)
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Combining remote and ancillary data
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Water resources management
® Assessing available methods

® Characterising entire water balance

® Application related to total evaporation, rainfall and soil moisture

é

Land use impacts (Irrigated agriculture)
Operational spatial use (Irrigated agriculture, CMA’s)
Land use change impacts (Invasive Alien Plants)

é
é
é

Flood forecasting

® In Space (Field > farm — catchment)
® Time (Historic > Current — Future)
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Example 7 — Soil moisture (Pegram et al., 2011
- WRC report 1683-1-11, K5-2024 HYLARSMET) =
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Example 7 — Reference evapotranspiration
(ET,)
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Hourly ET, at 0.11° on the web
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© 2011 SAHG
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Example 7 — Soil Saturation Index (SSI) ﬁ
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Example 7 — Soil moisture (Pegram et al., 2011 - L‘j
WRC report 1683-1-11, K5-2024 HYLARSMET) warcn
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_ _ CONCLUSION
Regional modelled soil wetness 17/12/2008 & The soil moisture
205 modelling approach
= hold promise
= & initial inter-

> | SN O T S N R

comparisons with
other estimates
(remote sensing),

4160

50

40
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s5vg L b A High.frequency,
Swli% continuous
information
6 Flash flood

forecasting
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Concluding remarks

Remote sensing data for Water resources
management

& WRC has been instrumental in evaluating new
technologies and data applications

& Many developments (local, international) anticipated
¢ Satellites, integration of data

& Numerous potential applications
é Historic and operational

& Benefits

& Space (Field > Farm — Catchment — Provincial)
& Time (Historic > Current — Future)
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