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Remote sensing of land-use-specific actual
evapotranspiration of entire catchments 
containing plantations

Tim McVicar,  Tom Van Niel, and Lingtao Li
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Funding: FWPA (Forests and Wood Products 
Australia), ForestrySA and CSIRO for 3-years

Study Sites: Green Triangle (SE SA and SW Vic) 
and the vicinity of Tumut, NSW

Aim: To characterise land-use-specific ETa for 
areas containing plantations at suitable (space 
and time) scales (using Landsat-MODIS blending)

Policy Motivation: To inform the forestry-water 
use debate via analysis of a catchment-wide ETa 
dataset

CSIRO. Water Resources Assessment Forum

Brief Project Details
FWPA Project No: PNC286-1112
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Tumut Site (aka NSW Site)
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Green Triangle Site (aka SA Site)
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Q: What is Blending?
A: Combining high-frequency and high-resolution RS data

• Two widely used optical sensors include MODIS and Landsat-ETM
• MODIS: daily, resolution 250m, 500m and 1000m, ~15 spectral bands useful for land applications
• Landsat-ETM: 16-day, resolution 25m (60m thermal), 7 spectral bands useful for land applications

• Blending means we are using MODIS-Landsat pair(s) and a MODIS image (when no Landsat acquired)
to develop a synthetic Landsat-like image (see next slide for concept)

• In Blending we want to combine the best characteristics of MODIS (fine temporal repeat) and Landsat
(fine spatial resolution), while minimising the worst characteristics of MODIS (coarse spatial resolution)
and Landsat (coarse temporal repeat)

MODIS
+ daily observation
+ no data gaps
+ high quality
- 500 m resolution

Landsat
+ 25 m resolution
- twice a month
- lower quality

Mount Gambier
(airport in yellow circle)
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time

Landsat(t2)

5 Oct 2000 9 Jan 2001 30 Mar 2001
2tst1t

simulated Landsat(ts)Landsat(t 1)

MODIS(t1) MODIS(ts) MODIS(t2)

Spatial resolution

500 m

25 m

Generic overview of Landsat-MODIS blending
(simulated or ‘blended’ image is highlighted yellow)
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Cloud: the nemesis of optical remote sensing
(SA site for 2008 shown)

Many land-surface processes are dynamic (riparian flooding, sub-paddock 
crop growth, etc) and important spatial variation occurs at resolutions that 
can’t be detected by MODIS.

In these situations Landsat is great, however, while imagery is acquired 
every 16 days, in certain locations / times-of-year (e.g., forests and wet 
tropics in summer) Landsat images can often be cloud contaminated
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time

Landsat

2tst1t

Simulated Landsat imagesLandsat

MODIS MODIS MODIS

Spatial resolution

500 m

25 m

Image time 
series

st

Landsat-MODIS blending: operational use 
illustrating the temporal benefit
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Overview of Landsat-MODIS ETa Method

Step 1: Acquire and manage all Landsat and MODIS 
images

Step 2: Screen for cloud and other issues causing ‘null’ 
data in the imagery

Step 3: Perform blending, using “Bronze” (all available 
images, “Silver” (> 80% cloud-free) and “Gold” (> 98% 
cloud-free) image pairs, to generate input multi-spectral 
indices to CMRSET ETa algorithm

Step 4: Calculate ETa using CMRSET algorithm and 
composite using a BSG precedence to maintain temporal 
dynamics as best we can to infill all cloud effected areas
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Example hybrid method: CMRSET
Guerschman et al (2009) JoH V369, pp 107-119

MODIS reflectance based: 

• vegetation greenness
(EVI~NDVI) to estimate
transpiration and interception

• surface wetness (residual
Moisture Index RMI) to estimate
evaporation

• interpolated climate data (PET
and precipitation)
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Generic overview of Landsat-MODIS blending
(simulated or ‘blended’ image is highlighted yellow)

time

Landsat(t2)

5 Oct 2000 9 Jan 2001 30 Mar 2001
2tst1t

simulated Landsat(ts)Landsat(t 1)

MODIS(t1) MODIS(ts) MODIS(t2)

Spatial resolution

500 m

25 m
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Percent valid cells by hierarchical type is shown for (a) NSW site

Percentage valid cells by hierarchical 
type: NSW site
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Time series of percentage valid Landsat data for the SA site.  The top plot represent the eastern Landsat 
scene (i.e., 95/86) and the bottom plot is the western Landsat scene (i.e., 96/86).  The valid cells 
calculation is only performed for the part of the Landsat scene that comprises the SA site.  The number of 
Landsat-7 ETM+ and Landsat-5 TM scenes are provided in parenthesis on the top of each sub-plot.  Basic 
descriptive statistics of the intervals (or gap length) between are provided in units of days

Time series of percentage valid Landsat 
data for the SA site
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Time series of percentage valid Landsat data for the NSW site.  The top plot represent the northern Landsat 
scene (i.e., 91/84) and the bottom plot is the southern Landsat scene (i.e., 91/85).  The valid cells 
calculation is only performed for the part of the Landsat scene that comprises the NSW site.  The number of 
Landsat-7 ETM+ and Landsat-5 TM scenes are provided in parenthesis on the top of each sub-plot.  Basic 
descriptive statistics of the intervals (or gap length) between are provided in units of days

Time series of percentage valid Landsat 
data for the NSW site
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For the length of the study period, 8-day site-averaged AET and P across all 
land uses are shown for the (a) NSW site; and (b) SA site

Results: Long-term AET and P sites time-series
(note AET response in 2007 following 2006 drought)
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Long-term average (i.e., 1 Jan 2000 to 31 Dec 2011) AET and 
its proportions relative to key climatic controls for the NSW site 
at both the Landsat and MODIS resolutions.  The Landsat 
resolution data are the output of the Landsat-MODIS blending 
to infill all gaps in the observed Landsat time series.  Parts (a) 
and (b) show the AET grids at the Landsat and MODIS 
resolutions, respectively, and (e) and (f) are the AET/PET 
proportions, at the Landsat and MODIS resolutions, 
respectively

NSW Site: Long-term AET and AETP/PET
(Landsat-MODIS left and MODIS right)

The detailed zoom area defined 
in (a) is shown in the next slide
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Long-term average (i.e., 1 Jan 2000 to 31 Dec 2011) 
AET and its proportions relative to key climatic 
controls for part of the NSW site at both the Landsat 
and MODIS resolutions.  The Landsat resolution 
data are the output of the Landsat-MODIS blending 
to infill all gaps in the observed Landsat time series. 
Parts (a) and (b) show the AET grids at the Landsat 
and MODIS resolutions, respectively, (e) and (f) are 
the AET/PET proportions at the Landsat and MODIS 
resolutions, respectively

NSW Site: Long-term AET and AET/PET
Detailed Zoom (Landsat-MODIS left and MODIS right)
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Long-term average (i.e., 1 Jan 2000 to 
31 Dec 2011) AET and its proportions 
relative to key climatic controls for the 
SA site at both the Landsat and MODIS 
resolutions.  The Landsat resolution 
data are the output of the Landsat-
MODIS blending to infill all gaps in the 
observed Landsat time series.  Parts 
(a) and (b) show the AET grids at the
Landsat and MODIS resolutions,
respectively,  (e) and (f) are the
AET/PET proportions at the Landsat
and MODIS resolutions, respectively

SA Site: Long-term AET and AET/PET
(Landsat-MODIS left and MODIS right)
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Water Balance Validation: NSW Site
Have catchments (a), reaches (b) and flux tower

Tumbarumba 
flux tower 
located in 
Bargo forests



20

Water Balance Validation: SA Site
Have catchments (c)
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Validation Against Streamflow and Flux Tower 
ETa data (both sites)

Top row = stream flow data; Bottom row = flux tower data

Left = Landsat-MODIS blending; Centre = MODIS; Right = AWRA

AWRA is a land-surface model used in Australia’s national water accounts
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Landsat only Validation Against Streamflow 
and Flux Tower ETa data (both sites)

Landsat only

Landsat-MODIS
blend

The presence of cloud causes a negative bias in the Landsat only AET 
estimates, and there are more monthly FT observations in the blend

Stream Flow Data
(integrated flux)

Flux Tower Data
(specific days)
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Average AET for unthinned P. radiata versus unthinned E. globulus at SA in (a) and 
average AET of P. radiata that had its first thining in 2000 compared to unthinned P. 
radiata having an age of 15 years old in 2000 is shown in (b)

AET Dynamics for Pine Plantations (P. Radiata)
and Blue Gum (E. globulus)
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Changes in AET rates associated with forestry logging operations in the vicinity of Burrungule in the SA site. 
The compartments were logged in 2004, with MODIS AET images provided in the top row and Landsat-
MODIS blended AET images in the bottom row

AET Dynamics following harvest
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Land-use data for the NSW site
(and locations of the plantation / native veg paired sites)
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Land-use data for the SA site.a

Land-use data for the SA site
(and locations of the plantation / native veg paired sites)
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(Left (a))
Time-series AET (GL/d) is shown for specified land-
use classes for (a) the NSW site

(Right)
Climatological AET (GL/d) is shown for the major 
land use classes as determined by area for NSW in 
(a) and (c)

Land-cover-specific AET, PET and P Average 
Rates: NSW Site
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(Above (b) )
Time-series AET (GL/d) is shown for specified land-use classes for the SA site

(Right)
Climatological AET (GL/d) is shown for the major 
land use classes as determined by area for SA in 
(b), (d), and (e)

Land-cover-specific AET, PET and P Average 
Rates: SA Site
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Land-use name ( / )i mm dAET  ( )i propAET ( )iA prop  
( )

( )
i

i

prop
A prop

AET

Native Vegetation 2.28 (3) 0.27 (2) 0.23 (2) 1.18 (3) 
Unknown Plantation 2.48 (2) 0.05 (5) 0.04 (5) 1.29 (2) 
Hardwood Plantation 1.48 (8) <0.01 (9) <0.01 (9) 0.77 (8) 
Softwood Plantation 2.59 (1) 0.07 (4) 0.05 (4) 1.35 (1) 
Dryland Cropping 1.45 (9) 0.09 (3) 0.12 (3) 0.75 (9) 

Irrigation 2.17 (4) <0.01 (8) <0.01 (8) 1.13 (4) 
Urban 1.75 (7) 0.02 (6) 0.02 (6) 0.91 (7) 
Water 2.14 (5) 0.01 (7) 0.01 (7) 1.11 (5) 

Grazing Modified Pasture 1.77 (6) 0.48 (1) 0.53 (1) 0.92 (6) 
Total 2.28 (3) 1.00 1.00 1.00 

Average land-use class relative rates of AET (mm/d), proportional AET, proportion of 
area, and the ratio of proportional AET to proportion of area are provided for the 
NSW site.  Rank of land-use class metric is given in parentheses

Average land-use-specific AET rates (relative 
and proportional) : NSW Site
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Land-use name ( / )i mm dAET  ( )i propAET ( )iA prop  
( )

( )
i

i

prop
A prop

AET

Native Vegetation 2.02 (4) 0.20 (2) 0.18 (2) 1.08 (4) 
Unknown Plantation 1.92 (5) 0.01 (9) <0.01 (9) 1.02 (5) 
Hardwood Plantation 2.22 (2) 0.02 (7) 0.02 (7) 1.18 (2) 
Softwood Plantation 2.23 (1) 0.12 (3) 0.10 (3) 1.19 (1) 
Dryland Cropping 1.65 (9) 0.03 (5) 0.04 (5) 0.88 (9) 

Irrigation 2.08 (3) 0.02 (8) 0.02 (8) 1.11 (3) 
Urban 1.84 (6) 0.04 (4) 0.04 (4) 0.98 (6) 
Water 1.80 (7) 0.02 (6) 0.03 (6) 0.96 (7) 

Grazing Modified Pasture 1.77 (8) 0.54 (1) 0.57 (1) 0.94 (8) 
Total 2.02 (4) 1.00 1.00 1.00 

Average land-use class relative rates of AET (mm/d), proportional AET, 
proportion of area, and the ratio of proportional AET to proportion of area are 
provided for the SA site.  Rank of land-use class metric is given in 
parentheses

Average land-use-specific AET rates (relative 
and proportional) : SA Site
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Softwood Plantation (SP) mean AET vs Native Vegetation (NV) or Grazing 
Modified Pasture (GMP) mean AET is shown for the paired analysis points for 
NSW in (a) and for SA in (b).  The legend in (a) applies to (b)

Paired analysis of Softwood Plantation vs. Native Vegetation at both 
sites showed no significant difference between means at the p = 0.01 
level (n = 20)

Paired site analysis of Softwood Plantation vs. 
Native Vegetation
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The pixel-wise temporal average rates of AET/P for the (a) NSW site and (b) 
SA site.  For (a) only State Forest for NSW is shown with all other land-uses 
coloured grey.  For (b) all plantations for the SA site are shown with all other 
land-uses coloured grey

Long-term AET/P for both sites
A method to regional map groundwater usage?
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‘Take home’ messages

• Developed a dataset of catchment-wide estimates of actual evapotranspiration at suitable
scales (both space and time) to inform the land-use-specific (including forestry) water-use
debate

• Gaining “best of both worlds” by blending Landsat (spatially high-res, low temporal repeat) and
MODIS (spatially low-res, high temporal repeat) data

• Landsat-MODIS blend output (25 m) has similar validation statistics as MODIS (500 m) and
AWRA (5 km), with greatly improved spatial resolution

• Able to detect and monitor water-use implications of forestry operations management

• Agricultural and native vegetation areas used more water than forestry plantation at both study
sites (due to these land-uses covering larger areas)

• At both sites, Grazing Modified Pasture, Native Vegetation, and Dryland Cropping used more
total water than any of the forestry plantation land-use classes

• Main forestry plantation land-use classes had the highest relative rates of AET (mm/d) at both
sites, likely due to the plantations being planted in high precipitation areas

Future work:
• Once project paper accepted we plan to make the 8-day 25 m AET datasets available from the

CSIRO Data Access Portal

• Continue development of an operational Landsat-MODIS blending system
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Please feel free to contact me if you have any 
questions you’d like to ask or opportunities to 
discuss

CSIRO Land and Water 
Dr Tim McVicar
Principal Research Scientist
CSIRO Land and Water
Canberra

Phone: +61 2 6246 5741
Email: tim.mcvicar@csiro.au
Web: www.clw.csiro.au/research/sensing/remote/

www.csiro.au/people/Tim.McVicar.html




