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ABSTRACT

This report develops relationships between estimates of Leaf Area Index (LAl) — derived
from LANDSAT Thematic Mapper (TM) images — and Advanced Very High Radiometric
Resolution (AVHRR} data for the Loddon—-Campaspe catchments, northern Victoria. Cloud-
free TM and AVHRR imagery was obtained four times in 1995 (February, August, October,
and November). TM LAl image estimates were made using relationships between TM data
and field measurements of LAl taken just afterwards (documented in the companion
Technical Memorandum 96.14). When plant growth was responding to rain-fed water supply
{(August, October, and November), the difference between TM and AVHRR estimates of LAl
was, for polygon data, less than +0.25 LAl unit for at least 75% of the crop and pasture
samples. These relationships permit estimates of LAl to be calculated from 8-year time
series of AVHRR data.
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1.0 INTRODUCTION

The Loddon-Campaspe catchments (LCC) in northern Victoria, Australia, cover an
area of 19400 km®. Land use is primarily agricultural including dryland and irrigated
crop and pasture production. Remnant stands of deeper rooted native woodland and
forest cover 10% of the LCC. Changes to landcover by clearing for agriculture has
altered the hydrologic balance. Subsequent rises in local and regional water tables are

expressed on the surface as waterlogging and soi] salinisation.

A collaborative project between CSIRO Division of Water Resources, Victorian
Department of Conservation and Natural Resources and the Murray-Darling Basin
(MDB}) National Resource Management Strategy, has been established to understand
ground and surface water interactions to predict groundwater response to a variety of
land management practices. For overviews of the environmental conditions in these
catchments see Campaspe Community Working Group (1992) and Loddon
Community Working Group (1992).

A major component of the overall project is the understanding of the amount of water
which can enter local and regional ground water tables when precipitation exceeds

evapotranspiration (ET). Vegetation presence and amount is a primary control of ET.

Leaf Area Index (LAI) is the projected single sided leaf surface area per unit ground.
The units of the index are m® of leaf per m” of ground; by most researchers it is treated
as unitless. Leaves largely regulate the exchange of water, carbon and oxygen for a given
vegetation type, and thus LA is an important parameter controlling the balance of water

and energy.

Sfrong positive correlations exist between LAI and vegetation indices derived from
reflective remotely sensed data. Relating point measured LAI with remotely sensed
data at those points allows empirical equations to be developed. These equations can
be used to spatially distribute LAI for different cover types away from the field points
to the entire study area if land use is known. LANDSAT 5 Thematic Mapper (TM)

was acquired four times in 1995 with concurrent field work to develop the empirical



relationships. These equations were used to create images which are LANDSAT T™M
LAI estimates. Relating in situ LAI measurements with LANDSAT TM vegetation

indices is documented in the companion report (McVicar et al. 1996a).

Concurrent with the acquisition of field and LANDSAT TM data sets remotely sensed
data from the National Oceanic and Atmospheric Administration (NOAA) satellite 14
recorded by the Advanced Very High Radiometric Resolution (AVHRR) sensor was

recorded over the LCC on approximately the same four dates.

This report focuses on relating LANDSAT TM (30m*) LAI estimates with AVHRR
data (1100‘1112) simple ratio at these times. The first step of this scaling exercise,
relating the in situ LAl measurements (1m”) with the LANDSAT TM planetary-

albedo corrected simple ratio, is documented in the companion report.

[



2.0 BACKGROUND TO THE STUDY

There are a number of parameters that can be used to characterise and assess vegetation
condition and cover. These include measurements of leaf area, foliage or crown cover
projections and LAL Leaves largely regulate the exchange of water, carbon and oxygen
for a given vegetation type. LAI is an important parameter controlling the balance of
energy and water. Dynamics of LAI for given vegetation types can be used as an
indication of condition. Consequently, LAl is used in almost all Soil-Plant-Atmospheric
Continuum (SPAC) models for water, energy balance and plant growth estimation. LAI
is also important in determining canopy scale ET, and has been included in numerous _
models (e.g. McNaughton and Jarvis (1983), Running (1984), Hatton and Dawes (1993)
and Eymard and Taconet {(1995)).

At local scales LANDSAT TM reflective data can be used to monitor changes in
vegetation cover which are indicative of seasonality, land degradation or significant
ecological change. The LANDSAT TM sensor records reflective radiation in six
channels. Channel 3 is situated in the Red region of the electromagnetic (EM) spectrum
(630 - 690 nm) and channel 4 records in the near infrared (NIR) (769 -900 nm) region of
the EM spectrum. LANDSAT TM data has a ground resolution of 30 m at nadir and
acquires reflective data once every 16 days. For a full description of the satellite orbital
parameters, and the sensor pixel and spectral resolutions refer to Harrison and Jupp

(1989).

Covering the Australian continent daily, NOAA AVHRR reflective data can be used to
monitor changes in vegetation cover. The AVHRR sensor records reflective radiation in
two channels. Channel 1 is situated in the Red region of the electromagnetic (EM)
spectrum (580 - 680 nm) and channel 2 records in the NIR (725 - 1100 nm) region of the
EM spectrum. AVHRR data has a ground resolution of 1100 m at nadir, becoming 5400
m at the of edge of the 55 degree swath. For a full description of the satellite orbital
parameters, and the sensor pixel and spectral resolutions refer to Harrison and Jupp

(1989).



Vegetation indices are usually combinations of two reflective bands. The most common
linear combinations are the simple ratio (NIR/Red) and Normalised Difference
Vegetation Index (NDVI) = tNIR~Red)/(N]R+Red). For a comprehensive listing of
vegetation indices refer to Tian (1989) and Thenkabail er al. (1994). Previous research
has shown positive correlations exist between foliage presence, including measurements
of LAI (Tucker 1979), and piant condition (Sellers 1985), and vegetation indices such as
the NIR/Red and NDVL

The interactions between plants and the radiation environment is one determinant of the
signal strength recorded in the reflective bands. The principle is that chlorophyll
pigments absorb incoming solar radiation in the red wavelengths where LANDSAT T™M
channel 3 and AVHRR channel 1 are situated. In the NIR portion of the EM spectrum,
the position of LANDSAT TM channel 4 and AVHRR channel 2, radiation is scattered
by the internal spongy mesophyll leaf structure which leads to a higher recorded signal

in these bands.



3.0 DESCRIPTION OF REMOTELY SENSED DATA SETS

3.1 LODDON CAMPASPE CATCHMENTS NEAT LINES

The neat lines of the LCC study area are defined by the following longitudes and

latitudes:

-35.203125
143.328125 145.203125
-37.703125

it is 1.875 degrees longitude and 2.5 degrees latitude. Using a latitude-longitude
coordinate system for all remotely sensed data meant that the LCC neat lines fitted

with those defined for the MDB using AVHRR data.

The TM grid is 7200 pixels by 9600 lines. Each pixel represents 1/3840"™ of a degree.

At 36 degrees south each pixel is 23.38 metres on a side.

The AVHRR grid is 240 pixels by 320 lines. Each pixel represents 1/128" of a degree.

At 36 degrees south, each pixel is 701.56 metres on a side.

3.2 SPATIALLY ESTIMATING LAI WITH TM DATA

McVicar et al. (1596a) fully document the fieild and LANDSAT TM data sets,
radiometric and geometric preprocessing and the development of relationships
between the in situ LAI measurements with planetary-corrected albedo LANDSAT
TM simple ratio for the four dates in 1995. The regression equations used in this study

are derived from pooling the data across the different dates, see Table 1,



Table 1. Regression equations, for crop, pasture and grasses for rain-fed data only,

from McVicar et al. (1996a).

Landcover Constant Slope Standard Error G Number of
(Offset) of Y Estimate Points
Cropping -0.03 0.22 0.40 0.52 52
Pasture -0.35 0.17 0.30 0.59 29
Grasses -0.11 0.19 0.45 0.41 81

Combining the GIS data layer of land use, see Plate 1, with the LANDSAT TM
planetafy—ajbedo corrected simple ratio images allowed the LAI to be estimated using
the above equations. This resulted in images which are estimates LANDSAT T™M
estimates of LAI, see Plates 2 and 3. It was these images which were related to the

AVHRR data.

3.3 AVHRR DATA
AVHRR data was acquired from the Remote Sensing Facility, CSIRO Division of
Oceanography located in Hobart. Cloud free AVHRR data was purchased on dates as

close as possible to the LANDSAT TM acquisition date, see Table 2.

Table 2. Summary of AVHRR data acquisition dates.

TM Image AVHRR Image NOAA 14 orbit
Acquisition Date Acquisition Date number
18 February 25 February 0800
13 August 12 August 3170
16 October 15 October 4073
17 November 12 November 4468




AVHRR image data was geometrically corrected to the LCC neat lines using the
ground control point (GCP) data provided with the image data by the Hobart reception
facility. McVicar and Mashford (1993) showed that daytime AVHRR GCP data
provided enables AVHRR imagery to be rectified with an accuracy of 1 pixel.

It would have been preferable if radiometric preprocessing, including full atmospheric
and sun-satellite-target corrections, of the AVHRR data series could have taken place.

These tools were not readily available.



4.0 RELATING LANDSAT T™ ESTIMATES OF LAI WITH AVHRR
VEGETATION INDICES

The relationships developed for pasture and grasses did not involve any pasture data

from the November image. This was due to cloud coverage in the lower portion of the

LCC in this LANDSAT T™ image. Subsequently, this affected the quality of the data

and these points were removed from further analyses. February AVHRR data was not

considered in this report for a number of reasons:

1. it was not used to develop relationships to spatially distribute the LAIL,

2. there was a greater time difference between the acquisition dates of the TM and
AVHRR data for February; and

3. February LAI was low for pasture and cropping and we are trying to study the

dynamic vegetation growth during spring hence this period was concentrated on.
4.1 POINT REL.LATIONSHIPS FOR CROP, PASTURE AND GRASSES

The same points used to develop the relationships between the field sites and TM data
listed in McVicar er al. (1996a) were used to develop relationships between TM and
AVHRR data. Table 3 shows that the point relationships for varying kernel sizes
developed for crop, pasture and grasses were not robust. For the full regression
outputs, see Appendix 1. These poor relationships are primarily due to using just one
AVHRR pixel to develop the relationships. The influence of the number of TM pixels

averaged to develop the relationships seems to be of secondary importance.

The strength of relationship decreases with increasing kernel size for pastures while
the opposite 1s true for crops, see Table 3. For pastures this observation is due to the
fractured landscape found in southern region of the LCC, refer to Plate 2. For crops,
the increase of explained variance with a corresponding increase in kernel size is due
to cropping being a relatively homogeneous landscape. Subsequently increasing the
amount of spatial averaging increases the strength of the relationship. Combining both
observations it was concluded to use polygons which were large and that an interpreter
ensured were relatively homogeneous and did not include any woodland or forested

pixels.



Seventy polygons meeting these criteria were located in the combined four date
LANDSAT TM LAl image. Thirty-three were crop and thirty-seven pasture. All
polygons were greater than 2400 LANDSAT TM pixels which transformed into at
least 3 AVHRR pixels. Consequently relationships were developed between the mean
TM LAI estimate and mean AVHRR simple ratio of NIR/Red. These results are
presented in Section 4.2. For a full description of the size and values of the polygons

used refer to Appendix 2.

Table 3. Selected regression statistics, r* statistic and standard error of Y estimate, for
point relationships for crop, pasture and grasses between LANDSAT TM LAI
estimates and the AVHRR NIR/Red ratio.

CROP PASTURE GRASSES
Sample r Standard r? Standard r* Standard
Size Errorof Y Errorof Y Errorof Y

Estimate Estimate Estimate
Ix1 0.33 0.29 0.36 0.27 0.34 0.30
3x3 0.34 0.29 0.34 0.28 0.34 0.30
5x5 0.36 0.29 0.31 0.28 0.34 0.29
7x7 0.36 0.28 0.30 0.29 0.34 0.29
9x9 0.37 0.28 0.29 0.29 0.34 0.29
11x11 0.37 0.28 0.28 0.29 0.34 0.29

4.2 MEAN OF POLYGON RELATIONSHIPS FOR CROP, PASTURE AND
GRASSES

For each land use, relationships were developed between mean TM LAI estimate and
mean AVHRR simple ratio of NIR/Red. Table 4 shows the results for the data pooled
from August, October and November. These can be used to spatially distribute LAI
using the form LAI = Constant + Slope * (NIR/Red).



Table 4 shows, in comparison to Table 3, that incorporating spatial averaging into the
AVHRR data improves the strength and the predictive capabilities of the relationships

developed. It confirms that selecting and using homogeneous polygons was a

successful strategy. Figures 1, 2 and 3 illustrate the relationships described in Table 4.

Table 4. Regression equations for crops, pasture and grasses for polygons.

Landcover Constant Slope Standard Error r Number of
(Offset) of Y Estimate Samples
Cropping -1.47 1.22 0.20 0.74 96
Pasture -0.90 0.72 0.11 0.77 73
Grasses -1.15 0.96 0.16 0.74 169
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4.2.1 Sensitivity Analysis

To determine how sensitive the relationships given in Table 4 were for modelling
LAl differencing the TM estimates and AVHRR estimates of LAI were performed for
crops, pastures and grasses. Results, listed in Tables 5, 6 and 7, show that the
difference was within * 0;25 LAT unit for at least 76%, 95% and 88% for crops,

pasture and grasses respectively.

Table 5. Frequency for mean LANDSAT TM LAIJ estimate minus modelled AVHRR
LAI for crops from August, October and November.

L.Al Difference Frequency Percentage
-1to -0.75 0 0
-0.75t0 -0.5 0 0

-0.5 t0 -0.25 12 12.50
025100 34 3542
0t00.25 39 40.63
0.25t0 0.5 10 10.42
0.5t00.75 1 1.04
0.75to 1 0 g

Table 6. Frequency for mean LANDSAT TM LAI estimate minus modelled AVHRR

LAI estimate for pasture from August and October.

LAI Difference Frequency Percentage
-1t0-0.75 0 0
-0.75 t0 -0.5 0 0
-0.5t0 -0.25 1 1.37
025100 34 46.58
010 0.25 36 49.32
0.25t00.5 2 2.74
0.5t0 0.75 0 0
075t 1 0 0

12



Table 7. Frequency for mean LANDSAT TM LAI estimate minus modelled AVHRR

L AT estimate for grasses from August, October and November crops only.

LAI Difference Frequency Percentage
-1t0-0.75 0 0
-0.75t0 -0.5 0 0
-0.5t0 -0.25 12 7.10
-0.25t0 0 67 39.64
0t00.25 83 49.11
0.25t00.5 7 4.14
0.5t00.75 0 0
0.75t0 1 0 0

4.3 SPATIALLY DISTRIBUTING LAI ESTIMATES USING 8 YEARS OF AVHRR
DATA.

Within the Hydrologic Remote Sensing Group an archive of AVHRR data from J une
1986 till present is housed. The data is recorded at a near monthly time step,
depending on the cloudiness. The archive has been established to link the thermal
remotely sensed data with a process energy and water balance model (McVicar, et al.

1996d, Jupp ez al. 1996, Tian et al. 1996).

The 98 AVHRR images were remapped into the LCC neat lines and AVHRR pixel
size documented above. Preprocessing of the AVHRR data also included removal of
cloud and salt-n-pepper from the reflective channels. This preprocessing reduced the

number of AVHRR images that could be used from 98 to 65, see Table 8.

13
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APPENDIX 1 Point Relationships for crop, pasture and grasses between LANDSAT
TM estimates and the AVHRR NIR/Red Ratio
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APPENDIX 2 Polygon values of minimum, maximum, mean and standard deviation for
February, August, October and November LANDSAT TM LAI estimate
multiplied by 50. The total number of pixels in each polygon is also recorded.
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APPENDIX 3 Colour Plates

Plate 1: GIS data layer of land use for the non-irrigated area of the LCC. The blue
lines are the catchment boundaries and the geographical extent of the image is the
LCC neat lines described in Section 3.0. The data is a combination of LANDSAT
MSS data classified in forest and non-forest (McVicar ef al. 1994) and the non-forest
classified into cropping and pasture systems from State of the Environment Report

(1991).

Plate 2: Full LANDSAT TM image of LAI estimates of the non-irrigated area of the
LCC. The pattern through the image is due to different scaling equations for crop and
pasture which was defined by the GIS data layer in Plate 1. There are 3 LAI images
displayed: February, August and October through the blue, green and red colour guns
respectively. Each band has been stretched between a range of 0 to 2.0 LAT units. The
geographical extent of the image is the LCC neat lines described in Section 3.0. The

yellow box is the geographical extent of Plate 3.

Plate 3: Is an enlargement of the area highlighted in the yeliow box in Plate 2 centred

on the township of Elmore, approximately 45 kms north west of Bendigo. The colour

guns and stretch are as in Plate 2. The mean LANDSAT TM LAI estimate is listed for
10 patches for the 4 TM images acquired during 1995.

Plates 4a to d: AVHRR LAI estimates for 4 dates. Refer to the Plates’ captions for
dates, satellite and orbit numbers. The background grey scale is the NIR channel. Note
the influence of the GIS land use data layer on the AVHRR LAI estimates in 4b and
4c. Cloud has been removed from 4b, 4c and 4d and has been replaced by nulls which
appear as black. Also note the off-nadir data acquisition of 4a and 4b compared to 4d.
This is especially noticeable in the fuzziness of the boundaries of the darker remnant
stands of river red gum located in the Barmah and Millewa State Forests. The
AVHRR data has been resampled to geographical extent and resolution specified in

Section 3.0.

















