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Validation Data for Land Surface Temperature
Determination from Satellites

A. J. Prata

CSIRO, Division of Aunospheric Research,
Private Bag 1, Mordialloc, VIC 3195, Australia

Abstract

There has been a paucity of appropriate ground-truth data for validating satellite estimates
of land surface temperatures, due mostly to the difficulties associated with obtaining repre-
sentative surface temperatures over an area comparable in size to that from a satellite measure-
ment (typically about 1 km2 in mea). For the express puryose of obtaining ground-truth data,
field experiments were set up in two semi-arid regions of Australia. The data from tlese field
experiments are reported here in the fonn of tables. The tables contain ground-tuth surface
temperatures, satellite brighhess temperatures, and the relevant satellite and solar geometries.
A description of the sites, tle measurement techniques and accuracies, and some climatological
variables are also provided.

l.Introduction

For the last few years a field experiment has been conducted to validate satellite derived
land surface temperatures (LSTs). This work has involved devising novel field equipment to
obtain representative spatial information for comparison with satellite radiometer data. New
LST algoritbms have been fonnulated and a system - CSIRO Intelligent Data Acquisition and
Telemetry network (CSIDAT) has been developed for measuring in situ tempe(atures over
large areas (up to 15x15 km2).

Routine land surface temperature measurements from satellites are not available because of
difficulties in determining atmospheric effects and surface effects (e.g. emissivities) which
cause pertubations to the infrared measurements.

Techniques for deriving LSTs from the Advanced Very High Resolution Radiometer
(AVHRR) (e.g. the split-window method) are applicable over the land if the surface emissivity
and its specftal dependence in the infrared window are both known (Prata, 1993). To determine
the accuracy of the satellite LST estimates they must be validated against in situ or ground-
based remotely sensed measurements. Meteorological stations routinely make air temperature
meunurements at about 1.5 m above the surface. These data cannot be used to validate the
radiometric surface temperature that a satellite infrared radiometer measures because often
there are very large temperature gradients between the surface and the first few metres of the
afirospheric boundary layer.
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In the past, the in situ measurements have been made using ground-based wide-band (8-14

pm) radiometers. The radiometer is typically mounted a few metres above the surface and

measures an area of the surface a few metres in diameter. For most natural surfaces, the scale

of temperature and emissivity variability is from a few centimetres up to many kilometres and

so the ground based radiometric measurement may be quite unrepresentative of the satellite

measurements.
An alternative approach is to use contact thermometers which measure the thermodynamic

temperature rather than the radiometric temperature. This measurement, although closer to the

"true" surface temperature is difficult to make because good contact is very hard to achieve in

practice. The approach taken here is to place a sufficient number of contact solid state tempera-

ture transducers over a large area (= 1 km2), and use the average temperatures to compare with

the satellite measurements. A description of the method used to obtain the validation data and

tabulations are provided in this report.
Climatological values of the relevant atmospheric parameters and some limited emissivity

measurements are provided for the sites to allow users of the validation data to test and develop

models for LST estimation.

2. Experimental procedures

Over the land, temperature variability is high (several degrees Celsius per metre or more

may be typical), and it is necessary to make temperature measurements at several locations

within the field-of-view of the satellite radiometer to make meaningful comparisons. With this

is mind, a system has been devised that can be deployed over a large area and can operate

automatically with little maintenance. The basic equipment consists of a central site with a

capability of accepting up to 32 channels of data, an ARGOS transmitter and a back-up data

store. The site is self-contained and powered by batteries that are recharged using solar panels.

Eight "satellite stations" are connected to the central site via underground cables. Each satellite

station is instrumented and collects data which are relayed back to the central site. The satellite

stations can be many kilometres from the central site:- the distance being limited by the practi-

cality of the underground cabling". At the central site the data are collected, compressed and

put into a form suitable for transmission to theARGOS system on board the NOAA satellites.

This strategy ensures that the in situ data are simultaneous with the AVHRR measurements.

With two satellites operational, a system deployed at a midlatitude location can relay about 12

kbits of data per day. The data are received locally via a satellite reception facility and are

available for analysis usually within 30 minutes of the overpass.
Because of its great flexibility, CSIDAT can be used in a variety of situations for monitoring

several surface variables simultaneously. For example, measurements are being made of sur-

face and air temperature, incoming solar radiation, reflected solar radiation, downwelling

longwave radiation and wind speed at the same large site to infer the net surface radiation. A

cellular telephone and modem can also be added, and optionally used as an alternative to using

the ARGOS satellite system. The equipment described here has been deployed at two remote

locations in Australia. These sites are briefly described in the following two subsections.

*An 
improved system, using radio frequency communication rather than underground cabling has recently been de-

vised (see Prata et al., 1992).
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2.1The Walpeup site

ThesiteislocatedinNWVictoria(35'11'58"S,142"03'51"8)inawheatgrowingarea,The
climate is quite dry and the region is described as semi-arid (see Table 1).

The paddock chosen for deployment of the field instruments is on flat terrain of uniform
surface composition, and consequently the spatial temperature variability is very low. Figure I
(front cover) shows an AVHRR image of the region. Eight satellite stations and a central site
were deployed measuring surface and air temperatures. Underground cabling was used at this
site. Over the years the field has been ploughed bare, sown to wheat, then to barley and also has
lain fallow. Measurements were made during the period March 1990 to July 1992. Figure 2
shows the central site within the large paddock when a mature crop of wheat was growing.

Figure 3 depicts the configuration of the sensors at Walpeup. Further details concerning this
site may be found in Prata et al. (1990).

Figure 2. Photograph of the central site within the wheat paddock at Walpeup, NW Victoria.
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Figure 3. Sketch map showing the locations of the field instruments within the paddock at
Walpeup, NW Victoria. The electronics boxes are numbered from A (central site) to I (NE
site); each box controls two sensors. A total of 25 channels of data can be recorded: 18 chan-
nels measure temperatures at the surface or in the air; 7 channels record underground tempera-
tures at the central site. The underground cabling is shown by the solid lines between the
instrument boxes.

2.2The Hay site

A CSIDAT system has also been deployed on the Uardry sheep station near the town of Hay
in New South Wales, Australia. The climate of the region is very similar to that at Walpeup.
Rainfall occurs mostly during the winter months, while the summers are hot and dry (see Table
1). The Murrumbidgee river flows east-west across the region about 10 km south of the field
site. Like the Walpeup site, the spatial temperature variability is low.

This uniform site was selected by looking at clear nighttimeAVHRR images of the area. A
preliminary site was selected, and then a field trip undertaken to make a further assessment of
the suitability of the site. The final locations of the instruments were made on the basis of
ground cover, access and distance from obstructions. The instruments were deployed in the
configuration of a cross with maximum length of I km, and RF communication was used.
Table 2 shows the instruments used and their location.

At this site measurements are being made to infer the net radiation at the surface. An up-

W
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ward looking pyranometer measures the downcoming solar flux, while three downward look-
ing pyranometers measure the reflected flux. An upward looking pyrgeometer measures the
downwelling longwave flux. Temperature transducers measure the ground temperature and air
temperature at 1.0 m and two anemometers measure the wind speed at 3.0 m. The radiation
instruments are mounted at the top of a mast 4 m high or at the end of a long boom about 3 m
from the ground. These radiation measurements will not be reported here.

Data samples from the system are obtained at a rate compatible withARGOS transmissions
(i.e. every 200 s) and are logged to a dataJogger every 5 minutes. During the satellite overpass,
256 bits of information are transmitted to the satellite every 200 s. The samples are tagged by
site number and time stamped. All 9 stations are sampled within the 200 s time window. Be-
cause samples are logged every 5 min, it is possible to use these data to validate the Along
Track Scanning Radiometer (ATSR) measurements (see section 4.3).

2.3 Temperature transducers

The devices used for measuring in situ temperatures are AD592 solid state temperature
transducers. The AD592 is a two terminal monolithic integrated circuit temperature transducer
that provides an output current proportional to absolute temperature. The range of applicability
of the device is -25' to +105"C. Once calibrated and trimmed, the AD592 is capable of a
temperature measurement accuracy of 0.1oC, has a nonlinearity error of 0.1oC and a repeatability
of 0. l'C per month. The typical response time of the device mounted on the surface of sand is
10-20 s. However, after potting and mounting, the measured response time is in the range 30-60
s. Photographs of the sensors mounted on the ground at Hay may be seen in Figure 8.

For use in the field, the sensors are mounted in plastic sleeves and potted in solastic cement
to prevent water from reaching the elecffical connections. The sensing surface area measures
approximately 25 mmz, and the devices are secured to the surface by thin metal wires to avoid
movement. No attempt has been made to ensure that the sensing surface (coloured black) has
the same shortwave albedo and longwave emissivity as the surface being measured. Differ-
ences in albedo have been investigated by covering the sensor with highly reflective aluminium
foil. Results from these experiments demonstrate that large differences (up to a few oC) can
occur during the day when the sun is shining, but negligible differences are observed at night.
These experiments are reporled in Prata (1994b).

3. Satellite data

The satellite data used in this study are derived from the AVHRRs on board the NOAA
polar orbiting satellites and from theATSR on board the polar orbiting ERS-I satellite. Table 3
lists some of the characteristics of the AVHRR and ATSR relevant to this work.

AVHRR data are received locally in Melbourne and are processed using standard tech-
niques (e.g. Planet, 1988). Nonlinearity corrections have been applied to channels 4 and 5
according to the look-up tables supplied by NOAA-NESDIS. A new scheme based on coeffi-
cients supplied by Dr Otis Brown (private communication) has recently been implemented. For
the temperatures encountered at the field sites, the new scheme differs little from the NESDIS
scheme. For consistency, all of the validation data prosented in this report employed the new
nonlinearity correction scheme.

Cloud detection was performed using thresholding for the infrared channels during the night
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and for all channels, except channel 3, during the day. Additionally, statistics (mean and vari-

ance) of 3x3, 5x5 and 7x7 pixel blocks centred on the pixel closest to the field site were de-

rived. These were used to check the spatial uniformity of the data. Data with a large channel 4

infrared variance (>3.0"C2 over 3x3 pixels) were immediately rejected. Nighttime data over

land present the most difficult situation in which to detect cloudy pixels. For these cases, the in

situ data have been used to assist in cloud detection. Whenever the in situ data are larger than

the AVHRR channel 4 brightness temperatures by 8oC or more it is assumed that the pixel is

cloudy. This test is based on the assumption that water vapour effects during the night are

smaller than those during the day and from the fact that an analysis of cloud free daytime data

shows that the in situ measurements never exceed the channel 4 brightness temperatures by

more than 8"C. Nevertheless, it is not possible to be certain that some pixels in the nighttime

data are not cloud contaminated. This highlights the need for improved nighttime cloud detec-

tion algorithms.
Accurate navigation of the data was achieved using ground control points (gcps). A general

purpose satellite navigation software package was first used to locate the pixels on the earth's

surface, and then gcps were used to adjust the image data linearly in latitude and/or longitude.

This process was performed manually on each image to ensure an accurate navigation (subjec-

tively). The largest discrepancies were usually in the along track direction (latitude) amounting

to 5-10 pixels. The gcps were selected close to the field site around lake boundaries or bends in

prominent rivers. The image shown on the Front Cover includes some of the features used to

obtain accurate image navigation. For the Walpeup site, three lake boundaries near to the site

were digitised and used to check navigational accuracy. For the Uardry site, a portion of the

Mumrmbidgee river, just south of the site, and two prominent features (marked by plus signs

on the image) on lakes to the NE and NW of the site were digitised. The final rms geolocation

accuracy of the image pixels close to the field site was estimated to be better than 1 pixel.

4. Tabulations

AVHRR validation data for both sites are presented in the form of Tables. Each table con-
sists of up to 10 columns. These are:

. the date, in the format Day/lvlonth/Year

. the time, in Universal Time (UT) Hours:Minutes

. channel 3 AVHRR satellite brightness temperature T3, in oC

. channel 4 AVHRR satellite brightness temperature Ta, in oC

. channel 5 AVHRR satellite brightness temperature T5, in oC

. spatially averaged in situ air (or crop-top) temperature Tu, in oC

. spatially averaged in situ vegetation temporature Tu, in oC

. spatially averaged in situ ground temperature T' in oC

. surface satellite zenith angle <p, in degrees

. solar zenith angle y in degrees.

The AISR validation data-set contains four satellite brightness temperatures, the appropri-

ate averaged in situ ground/vegetatior/air temperature and the relevant angles. The in situ data
are simple averages of the individual measurements at each site: 9 at Walpeup for the air (crop-

top) and the bare soil surface, and 2 air temperatures; 5 vegetation/soil temperatures and 4 bare
soil temperatures at the Hay site.
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Some tables will not contain the solar zenith angle (nighttime data), and some tables will

not contain the air (crop-top) or vegetation temperature.
The estimated instrumental rms accuracies of the data are t0.4 oC for AVHRR satellite

brightness temperatures,fl.2"C forATSR brightness temperatures, and+0.2 oC for the in situ

data. A quantitative error analysis for the satellite and in situ measurements has been carried

out and is described in Prata (1994b). The analysis indicates that the largest absolute differ-

ences between the satellite and in situ data due to effor sources should not exceed 3.3oC.

Absolute differences less than 0.4oC are indistinguishable from the inherent instrument noise.

The times given are the satellite ovetpass time for the pixel closest to the field site. The in

situ data were obtained within 3 minutes of this time, except for the ATSR validation data at

Walpeup for which the data are interpolated from measurements made within I hour of the

AISR overpass time.

4.1 Walpeup validation data-sets

Tables 4-11 present the validation data for the Walpeup site. Table 4 lists the data for the

Figure 4. (a) Bare soil surface (ploughed field) at Walpeup, in March, 1990. (b) Temperature transducer
on the sandy soil at Walpeup during March, 1990. The transducer may be seen at the base of the alu-
minium pole that was used for mounting the sensor to measure crop-top temperatures in the wheat crop
(see Figures 5(b) and 6(b)).
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field site when it was bare. Figure 4(a) shows the appearance of the surface at this time and
Figure 4(b) shows one ofthe sensors placed in the sandy soil.

Tables 5-6 list the data for the field site when it was planted to a crop of wheat. The data are
for a period when the crop was green in colour and the canopy cover was incomplete. Figures
5(a) and (b) show the canopy cover and the sensor placement at one of the eight "satellite"
sites. Tables 7-8 list data for the wheat crop when at full cover (yellow in colour). Figures 6(a)
and (b) show the canopy structure and sensor placement. Finally, Tables 9-11 list data for the
period 28 August l99t to 30 May 1992, when the field was lying fallow.

Figure 5. (a) Canopy cover at Walpeup when the field was sown to wheat duringAugust 1990.
(b) Temperature transducer measuring temperatures at the top of the growing wheat crop.
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Figure 6. (a) Canopy structure of the wheat crop at Walpeup just prior to harvesting during Novem-
ber 1990. (b) Temperature transducer measuring temperatures at the top of the mature wheat crop.

4.2 H:ay validation data-sets

The Hay validation data-sets are contained in Tables l2-l6.Thefreld site is used for grazing
and no crops are planted. The vegetation goes through a natural cycle of growth during wet
periods and senescence during dry spells (usually during the summer months). The site is not
irrigated. Figure 7 shows one of the measurement locations on the Uardry site and gives a good
indication of the type and structure of vegetation at the field site for most of the period starting
in July 1992 to the present (April, 1994). Figures 8(a), (b) and (c) show the placement of
sensors on the ground at three different locations at the Uardry site.
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Photograph of one of the measurement stations at the Uardry field site during July, 1992.
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Figure 8. Photographs ofthe sensor placements at three measurement locations at the
Uardry field site, Hay. (a) and (b) sensors in sparse vegetation, (c) sensors on bare
ground.

1 3
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4.3 ATSR validation data-sets

The ATSR is a conically scanning radiometer which permits two views of the same target
on the earth's surface separated in time by about 140 s. These views are referred to here as the
nadir view and forward view. The actual surface zenith angles vary with distancefrom the nadir
across the scan. At the subsatellite point these angles are 0o and 55o. Figure 9 shows the varia-
tion of the surface zenith angle with distance across the scan.
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Figure 9. (a) Variation of surface zenith angle with distance across the scan (measured from the
subsatellite point) for pixels on the nadir image. (b) Variation of surface zenith angle with
distance across the scan (measured from the subsatellite point) for pixels on the forward image.

Two tables of AISR validation data are included here .Table 17 lists the data for the Walpeup
site in September and October 1991 when the field was fallow, and Table 18 lists data for the
Hay site. Note that the in situ data at Walpeup were not synchronised with the ATSR overpass
time, so that the values shown are interpolated values. Since most of the data are for clear
periods during the nighttime, the error introduced due to this interpolation is small.

The AISR data are preprocessed at the Rutherford Appleton Laboratory, which provides
products consisting of calibrated brightness temperatures for the thermal channels and digital
count values for the 1.6 pm channel. The maximum temperature that can be recorded in the 11
pm nadir channel appears to be 38.95oC (312.10 K), This resffiction has limited the number of
validation data points, particularly during the summer months when experience with AVHRR
data has shown that 11 pm temperatures can exceed 50 oC. All data (nadir and forward) are
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navigated onto an equispaced grid in units of kilometres across the scan and along the track.
The product sizes are 5I2km x 512 km blocks for each image. Further details concerning the
AISR may be found in Delderfield et al. (1986). The AISR scan geometry is described in Prata
et al. (1989) and O'Brien and Prata (1990), and the data processing scheme is described by
Bailey (1993).

Figure 10 shows an AISR 1.6 pm relative reflectance image of the region of Victoria and
NSW which includes both the Walpeup and Hay field sites, and demonstrates that for this
image, the navigational accuracy is as good as that for theAVHRR (=1 km).
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Figure 10. ATSR 1.6 pm relative reflectance (arbitrary units) satellite image ofVictoria and southem
New South Wales showing the locations of the field sites.
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4.4 Atmospheric parameters

Users of these validation data will find it useful to have coincident atmospheric profile

data. Such data are not available. However, monthly mean climatological data are available.

Rather than provide tables of the profiles, some data reduction has been performed using

LOWTRAN-7, and two tables are provided containing monthly mean values of the tempera-

ture of the lowest profile level, atmospheric transmittances for AVHRR channels 4 and 5 (na-

dir), the T parameter, the downwelling and upwelling radiances for channels 4 and 5, and the

total precipitable water. The derived parameters are defined by the following equations:

atmospheric transmittances for AVHRR channel i

tr(pr;ptop,fu) Fi(},) dl,

t , l  -

Fi(}") dl"

t*(P,;Ptop,I) = fl {,,n(P';P,op,I),

Yparameter

n,.. - l-xi
t r t  _  

\ _X j ,

atmospheric downwelling radiance for channel i

r\z
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I f o I

t,,eu*(p,;p,I) = exn 
| 
-l kgur(p',T) peur(P') sec 0 dp'l ,

LJo .  I

(1 )

rluz

.l,,

(2)

(3)

(4)

p s L
f f z

| | Brtr(p)r Dt'(p!ep;p'r) dp Fi(l.) dl.
l l  d P

* t=

I o,t^l oi.
t "
Jr '" I

The atmospheric upwelling radiance qt is defined in an analogous way to (5).

(s)
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The precipitable water is defined as

P*u dp.
pwv*pair ^

17

P W - -

The channel number is i, with response function F(i'), X is wavelength, 1,1 is the short

wavelength cut-off, 12 is the long wavelength cut-off, 0 is the zenith angle for incident radia-

tion, B1[T] is the Planck function, p is pressure, ptop is the pressure coresponding to the highest

level in the profile, p. is the pressure corresponding to the lowest level, T(p) is the temperature
profile, kgu* is the absorption coefficient for a particular gas, p is the absorber density (pwv is

the densiiy of water vapour), n is the number of gases contributing in the waveband (1,1 -> 7"),

&J, &t are the atmospheric downwelling and upwelling radiances, respectively, tlis the total

atmospheric transmittance integrated over the filter response function, g is the acceleration due

to gravity, and PW is the total precipitable water in units of g cm-2.
These data may be used to solve for the surface temperature, T, from a radiance measure-

ment, \, using the radiative transfer equation

Ri = tiRs.i+Rit

where the surface leaving radiance in channel i is given by

R,l = qBi[Ts] + (l-e)RiJ. (8)

Table 19 contains data for the Walpeup site, while Table 20 contains the data for the Hay

site. The tabulated data are interpolated from a set of 23 Bureau of Meteorology upper-air

stations (Maher and Lee, 1977; seePrata, 1994a for further details).

4.5 Emissivity data

A few laboratory emissivity measurements were made for the soils found at Walpeup and

Hay. These measurements were made using the 'gold-box'method described by Buettner and

Kern (1965) and are directional emissivities (vertical only). Values for wheat (growing and

senesced) are included, based on the measurements of Huband and Monteith (1986). The

emissivity values for Walpeup and Hay are listed in Table 21.
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Thbles

Table 1: Mean annual climatological data for the Walpeup and Hay
field sites. The data for Hay are from the Hay Post Office, about 40 km
distant from the field site while those for Walpeup are from the Mallee
Research Station approximately 8 km distant from the field site.
(Adapted from Climatic averages Australia, 1988.)

Parameter
Mean annual precipitation (mm)
Rain days
Daily maximum air temperature ('C)
Daily minimum air temperature (oC)
9am mean temperature dry-bulb fC)
9amHumidity (70)
3pm mean temperature dry-bulb ("C)
3pm Humidity (7o)
Elevation (m)

w
343
95

23.2
9.9
1 5
64
22
39
1,07

365
65

24.1
ro.4
15.8
63

22.9
40
94

Table 2: Configuration and location of the CSIDM radio hub at Hay, NSW. The
symbols have the following meanings:-A- anemometer, T - temperature transducer
(a - air, g - ground), Pnnn - pyranometer (f - upward looking, J - downward look-
ing) and E - Eppley pyrgeometer. Accurate locations of the equipment (1100 m)
were obtained using a hand-held GPS receiver.

Site No. Latitude Longitude Instrument
Channel 1 Channel 2

TC T"
Tg A10
Tg A8
Tg p42rJ
Tg Ta
Tg Tg
Tg P4l9J
Tg p4z0I
E P4181

o 34'23.76'
| 34023.66',
2 34"23.53'
3 34"23.35',
4 34"23.27',
5 34"23.45'
6 34023.50'.
7 34"23.50',
8 34"23.50'

145'18.19'
145018.21'
145"18.53'
145"18.30'
145"18.33'
t45"17.97'
1450t8.42'.
14501 8.1 1'
145078.29'

Heights (m)

0^00 1J0
0.00 3.00
0.00 3.00
0.00 2.47
0.00 1.00
0.00 0.00
0.00 2.43
0.00 2.43
4.00 4.00
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Table 3: Characteristics of theAVHRR andATSR'relevant to the estimation of surface
temperatures. The approximate pixel sizes are given for the nadir view and for the
view with the largest scan angle. Dimensions are given as across track diameter by
along track diameter.

Channel

AVHRR
J

4

5

NEAT Resolution (km)

nadir

1 . 1 x 1 . 1
1 . 1 x 1 . 1

1 . 1 x 1 . 1
nadir

l .Zxl .O
l.Zxl .O
l.2xl .0

+55.40

10.8

1 1 . 9

0.30

0.12
0,12

6.8x2.4

6.8x2.4
68x2.4

forward (47.5")

1.5x3.0
1.5x3.0

1.5x3.0

ATSR
I
2
J

3 . t

10.8
lt.9

<0.10
0.03

0.03
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Table 4: AVHRR brightness temperaturos ("C) and in situ validation temperatures ("C) for the

bare soil surface at the Walpeup field site. In situ temperatures are given for the sensor covered

by foil (Ts(F)) and the black coloured sensor (Tg(B)). The date, time (hours:minutes, Local

Time = UT+10), surface satellite zenith angle (Q in degrees) and solar zenith angle (y in degrees)

are given for the pixel closest to the field site.

Dlltl/Y Time (UT)
Daytime dnn
04104190 05:32
05104190 05:2r
06104190 05:11
07104190 05:00
09104190 04:30
12104190 04:07
15104190 05:11
16104190 04:55
22104190 03:50
22/04190 05:40
23104190 05:19
25104190 04:58
20105190 05:27

T"(F) T"(B)

Nighttime data

l6:45
16:30

37.17
4r.25
41.23
36.78
38.90
37.5r
25.36
28.14
22.88
2t.27
24.62
23.88
19.77

17.16
16.27
12.80
1t.7 4
12.t2
9.47

t5.25
9.05
6.67
7.46
5.08
4.66
3.9r
9.40
7.25
5,91
4.50

66,0
49.2
38.0
23.7
1 1 . 5
27.6
53.6
3 1 . I
15.2
66.0
4L9
5r.7
23.0
53.4
9.5

19.5
34.0

37.62 31.08
42.21 32,40
40.69 33.33
38.63 32.06
39.94 33.18
37.93 29,08
28.66 18.06
32.00 24.10
28.28 18.58
25.88 19.26
26.77 16.9r
26.70 18.88
19.90 14.49

11.90 12.84
11.53 t2 .68
9.00 7.88
8.06 8.80
7.60 6.67
5.53 6.89
8.80 10.38
4.7r  6. t2
2.86 3.73
4.83 5.44
1.27 2.48
1.65 2.78
0.02 0.70
5.r7 6.32
3.54 4.30
2.42 3.48
r.64 2.44

28.86 36.32
28.29 42.96
30.33 39.97
30.54 35.26
31.63 36,98
26.27 36.10
16.36 24.07
23.24 27.92
l7.r8 22.22
18.62 21.68
14.93 23.5r
t7.84 23.83
14.01 18.36

r2.n 17.33
12.44 t6.37
7.18 12.87
8.63 rr.91.
6.24 12.24
7.29 9.5r

10.08 14.41
6.57 8.92
4.00 6.60
5.43 7.18
296 4.88
3.16 4.74
r.20 4.00
6.21 9.35
4.66 7.22
3.84 5,86
3.03 4.51

45.3 60.0
33.5 58.4
18.5 57.1
1.0 55.6

32.3 51.8
6r.7 49.9
22.6 60.0
5.6 57.8

66.3 5r.4
50.0 66.8
31.8 63.4
9.8 61.0

47.0 70.9

5104190 15:03

104190 16:25
09104190 16:15
16104/90 16:18
23104190 15:09
25104/90 16:21
26104190 16:10
17/05190 15:43
18105190 75:32
19105190 15:22
20105190 15:51
30105190 16:44
03106190 15:59
04106/90 15:48
05/06/90 15:38



22 CSIRO Division of Atmospheric Research Tbchnical Paper No. 33

Table 5: Daytime AVHRR brightness temperatures ('C) and in situ validation temperatures
("C) for the growing wheat crop at Walpeup. The date, time (hours:minutes), satellite surface
zenith angle (g in degrees) and the solar zenith angle (y in degrees) are given for the pixel
closest to the field site.

D/IVI/Y Time (UT)
05:08
04:55
04:22
05:30
05:20
04:56
04:34
O4:16
04:03
05:33
05:00
04:49
04:38
O4:27
04:16
O5:02
04:40
06:01
04:08

22t08/90
23t08t90
26t08t90
29/08/90
30108/90
0r/09190
03l09l90
14/09/90
t5t09t90
16/09t90
19/09/90
20/09t90
21,/09t90
22/09/90
23/09t90
28/09t90
30/09/90
02tro/90
03/lo/90

T r T a T 5 T T
11.33 9.39 9.04 10.33
15.89  10 .38  9 .95  13 .38
20.35 17.18 16.59 16.85
16.05 t3.91 12.64 17.10
18.98 15.81 t4.96 18.69
24.48 14.00 12.16 18.70
16.81 13.07 1r.97 14.79
22.80 19.10 1,8.24 19.15
24.12 20.45 18.95 21.7r
27.04 23.05 21.99 22.00
32.83 28.47 26.89 28.61
33.20 29.73 28.18 28.25
30.27 26.43 25.29 22.82
3t.9t 25.68 23.81 25.22
3r.65 27.56 26.85 25.87
24.t4 2t.03 19.62 24.54
35.77 28.54 26.78 29.60
29.73 24.88 22.63 26.64
43.81 25.51 23.26 28.04

12.57 13.6 60.8
t4.97 4.6 58.6
19.86 48.3 53.3
2 t .5 t  27 . r  62 .8
1,8.32 t9.4 60.9
19.67 2.5 56.6
t6.49 34.0 52.9
22.04 56.5 47.5
24.02 62.8 45.4
26.16 46.3 59.6
rt .go 1.5 53.2
3 t .73  16 .8  51 .1
27.51 32.8 49.0
29.41 45.8 47.0
28.65 55.1 45.r
26.14 3:1 51.6
31.66 31.8 47.3
28.64 46.3 62.0
33.91 61.5 4r.3
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Table 6: Nighttime AVHRR brightness temperatures (oC) and in situ validation temperatures
("C) for the growing wheat crop at Walpeup. The date, time (hours:minutes) and satellite
surface zenith angle (g in degrees) are given for the pixel closest to the field site.

DNI/Y
ryou90
16/08t90
l7/08t90
2r/08t90
22t08/90
23/08/90
25/08/90
26/08t90
29/08t90
29/08t90
31t08t90
01to9t90
03/09/90
04/09/90
13/09/90
14/09/90
r5/09/90
t8/09t90
19/09/90
20/09/90
2r/09/90
26/09t90
26/09190
28t09/90
29t09t90
30/09/90

Time T T T T T
5 . 1 9  4 .
4.42 19.
3.49 35.
s.50 46.
s.06 34.
9 .55  18 .
4.30 17.
2 . 1 6  3
s .55  6 t . l
5.20 56.2

8.07 30.
5.82 29.
7.21  4
6.85 52.1
9.09

4.02 35
4.39 22.

10.10 15.2

0t/ro/90
02/10/90
05/10/90
08/10/90
09/70/90
11/rO/90

16:08
15:56
15:45
l6:42
15:31
L6:20
15:58
l5:47
l5:14
16:56
76:33
16:21
15:59
l5:44
15:50
I5:39
l5:28
l6 :36
l6:25
1 6 : 1 4
l6:03
l6:49
l6:48
l6:27
l 6 : 1 6
l6:04
15;53
15:42
1 5 : 1 0
l6:17
l6:06
I5:44

3.44
1 . 5 1

-0.23
2.49
2.24
3 . 1 2
1.04
-r.24
0.97
0.64
1.56
t.42
5.21
2.43
2.04
3.22
0.76
5.84
9 , 1 8
6.29
0.36
0.52
2.03
2.96
3.56
3.86
3.58
3.59
4.00
3.98
3 . 1  1
4 .82

3.85
2. t4
0.46
2.98
2.73
5.65
1.95

-0.68
2 . t 6
t .70
2.02
2 . t o
6 . 1 0
3.61
2.69
3.68
1.79
6.02
6 . 1 7
7.01
0.05
1 . 8 6
3.30
3.97
4.55
4.48
5.09
4.97
4.54
4.25
4.39
5.38

3.85
2.20
0.74
2.71
2.82
5 . 1 8
2.ro

-0.70
2.35
2.0r
2.21
2 . t 8
s.62
3.79
2.78
3.75
2 . 1 0
6.43
4.99
6.98
-0.02
1.80
3 . 1 8
4 . t l
4.85
4.94
5.23
5.00
5 . 1 2
4.43
4.73
5.43

3.98
3.28
-0.74
4.45
4.28
7.07
1 . 1 5

-0.55
t .96
1.60

-0.09
0.92
8.54
5.47
2.OO
3.49
1.86
7.25

12.72
7.62

-0.50
0.09
4.86
2 . t 0
0.69
L 7 4
4 . 1 6
2.33
6 . 1 2
2.48
2.44
3.69

13.50  51 .
10.35 6.
3 .62  1 ,1
5.56 50.
7.33 50.
1.O4 25.4
6.49 8.3
6 .63  10 .1
9 .18  27
8.73 37.0
8.38 62.
1.66 r2. l
7.60 5.
8.62 35.
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Table 7: Daytime AVHRR brightness temperatures ("C) and in situ validation temperatures
(oC) for the mature wheat crop at Walpeup. The date, time (hours:minutes), satellite surface
zenith angle (g in degrees) and solar zenith angle (ry in degrees) are given for the pixel closest
to the field site.

DIM/Y
2A10/90
23/r0t90
24/t0t90
25/1,0/90
26/t0/90
28t10/90
29/tO/90
oLnt/90
02/11/90
04/1,1,/90
05/1U90
11/11/90
t2/tU90
l4lrr/90
15/1,U90
t6tr t /90
r8lLU90
2UlU90
23/tt/90
241r1/90
25/rr/90
25t1,1/90
26/rr/90

04:06
05:35
05:24
05:15
05:04
04:39
04:28
05:38
05:27
05:05
04:55
05:21
05:08
04:55
04:44
04:33
05:55
05:18
04:56
04:45
04:34
O6:14
04:23

Time T " T T < T T
3 7 . r 1
35.26
39.70
43.03
46.t3
47.57
52.86
39.21
44.99
45.44
47.79
40.65
40.76
46.75
47.96
42.66
40.68
35.7s
37.24
45.20
44.61
37.64
47.00

30.11 24.65
33.13 28.74
37.38 33.50
47.70 37.90
16.52 45.03
45.54 41.68
47.23 40.62
36.36 29.66
45.53 31.09
43.91 39.27
48.10 42.54
39.62 33.21
41.94 3t.t2
44.04 37.90
43.43 39.09
42.60 35.72
4L49 32.76
43.55 3t.27
43.87 32.09
44.96 37.39
43.79 36.64
38.68 29.57
44,60 33.94

20.55 26.85
26.87 28.83
31.58 32.93
36.02 35.66
44.06 37.96
39.57 4r.60
37.75 41.44
25.88 30.04
27.34 34.09
36. t1  37 .42
39.48 4r.29
3r.69 33.20
29.00 31.95
35.40 35.94
36.89 3s.88
33.75 33.55
31.15  30 .95
29.14 3r.17
31.50 27.43
34.7 5 35.15
34.14 3s.18
26.99 32.17
29.32 38.66

67.4 36.5
38.4 53.2
24.0 50.9
6.6 489

rz.t  46.5
42.5 4r.3
s2.9 39.0
38.9 52.3
24.6 49.9
11.3  45 .1
28.4 43.0
23.9 47.2
7.1 44,4

27.8  4r .4
4r.6 39.0
52.3 36,7
50.1 53.0
8.2 45.0

27.4 40.r
41.3 37.8
5r.9 35.4
64.6 55.9
60.0 33.0
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Table 8: Nighttime AVHRR brightness temperatures ("C) and in situ validation temperatures
('C) for the mature wheat crop at Wa$eup. The date, time (hours:minutes) and satellite surface
zenith angle (g in degrees) are given for the pixel closest to the field site.

D&I/Y
19truw
20/to/90
21trol90
22t10t90
25t10190
26tr0t90
28nOt90
01tIU90
03t1U90
04trU90
05t1,U90
10/rU90
r0/rU90
t4tIr/90
r5nt/90
r6trr/90
17/t't /90
18/t1/90
19t1,1/90
21/rU90
22/rU90
23/rr/90
25nU90

Time (UT)
15:56
l5:43
15:35
15:23
16;38
16:2'1
16:04
l5:21
l6:39
16:28
l6:17
1 5 : 1 5
l6:56
16:00
l6:07
15:56
l5:45
L5:34
17:04
l6:42
16:30
l6:20
l5:57

T
4.21
2.23
2 . 8 1
4.64
8 . 1 6
7.23

13.02
8.24
9.26

12.29
16.96
t . r 3
t .97
9.49
9.00
9.79
6.26
8 . 1 2
7.27
5.33
8.04
5.50
7 . r 7

T
5.09
2.63
3.2r
5.75
9.09

r0.14
13.06
8.69

t3.41
14.85
t7.ro
3.09
2.96
9.32
9.99

10.05
7.50
9.s9
7.71
8.48
6.99
7,20
8.78

5.23
2.40
3 . t 7
5.68
9 . 1 4

10.33
13.22
7.53

12.99
14.86
16.45
2.98
2.71
9.25
9.94
8.92
7.05
9.57
7.43
8.32
6.91
7.02
8.43

T T T
4 . 1 6
1,.25
3.96
5.20
6.69
6.68

10.95
9.29

11.7',7
t2.52
16.80
5.40
5.21,
8.44
8.22

12.67
9.09
9.50
6.05
7.23
6.38
5.59
8.25

12.56 50.1
16.50 12.
15 .11  64

9 . 8 1  1 5 .
6 .01  2 t .
7.46 46.
8 .85  51 .

t2.74 29.

t7.4t 37.
14.36 48.
13.78 57.
13.27 53.

16.08 29.
18 .30  15 .
21.71 6.1
10.59 60.
10.03 54.
16.69 23.1
t5.47 0.1

14.40 30.3
t3.07 13.
12.78 0.
15.14 37.5
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Table 9: Daytime NOAA-I1 AVHRR brightness temperatures ('C) and in situ validation tem-
peratures (oC) for the Walpeup site when the field was left fallow The date, time (hours:minutes),
satellite surface zenith angle (rp in degrees) and solar zenith angle (ty in degrees) are given for

the pixel closest to the field site.

DA[/Y
2U0S/9L
ot/09/91
02/09/91
03t09/9r
o4to9/91
05/09/9r
09/09/9r
13/09/91
r7/09/91
r8/09t91
22/09/91
23109/91
26/09/9r
27/09t9r
29/09/91
03lr0l9r
04/IOtgl
05/10t9r
06/r0/9r
10/10/91
rUr0/91
13/r0/9r
02/04/92
03t04t92
29/05t92
30/05/92

Time
05:58
05:1  1
05:00
04:49
04:37
06:06
O5:20
04:34
05:28
05:19
0 6 : 1 1
05:59
05:24
05:12
04:49
05:44
O5:34
O5:20
05:09
06:03
05:52
05:28
05:18
05:07
05:39
05:28

17.10 12.45
20.96 t6.49
23.44 18.51
2 L 7 5  1 6 . 8 3
23.82 t9.46
25.04 16.66
23.79 20.69
20.98 r6.t9
t4.42 t2.39
19.60 12.37
20.67 16.31
24.66 20.0r
2r.59 t9.r2
26.24 20.40
23.85 20.34
32.41 30.06
35.83 33.03
35.35  31 .98
30.11 27 .03
31.18  20 .18
32.48 23.41
33.37 3r.39
38.45 30.28
39.07 29.69
16.77 14.29
19.69 15.75

1 1 . 9 8  1 s . 1 6
15.94 r7.92
17.36  21 .35
t5.1,9 2r.84
18.33 24.00
15.06 23.76
19.97 24.30
t4.3t 21.77
tt.72 t4.25
tt . l2 16.32
15.4t 19.87
19.10 22.05
17.95 24.36
18.74 26.39
18.86 26.03
28.32 36.18
31.30 39.23
30.34 38.22
25.23 35.37
18.01 28.61
2r.43 33.05
30.10 35.58
26.41 45.10
25.42 44.45
t4 . r9  t7 .22
15.72 18.64

4t.0 67.9
24.5 59.1
39.2 57.1
50.6 s5.1
59.3 s3.1
36.4 67.9
13.7 58.8
6.2 50.4
2.2 58.6

20.t 56.8
50.5 65.8
39.8 63.3
9 .2  56 .1

26.5 53.7
52.0 49.1
t9.7 58.6
r.9 s6.4

16.4 53.6
32.8  s1 .3
42.5  61 .1
29.3 58.7
5.6 53.6

45.5 56,8
55.8  55 .3
4r . r  73 .8
26.0 ',72.2

T
16.59
18.34
23.26
2r.46
24.28
23.49
24.06
21.57
t4.70
16.48
20.28
22.67
22.56
25.92
25.78
34.96
38.47
37. r7
29.92
24.14
30,45
32.44
39.09
39.03
16.62
r8.32
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Table 10: Nighttime NOAA-ll AVHRR brightness temperatures ('C) and in situ validation
temperatures ('C) for the Walpeup site when the field was left fallow. The date, time
(hours:minutes), satellite surface zenith angle (g in degrees) and solar zenith angle (ty in de-
grees) are given for the pixel closest to the field site.

D/M/Y
2UOUg1
02/09t9r
03/09t9r
04/09t9r
05/09t91
IOl09/91
IU09t9I
lsl09/9r
r6to9t9r
18/09/9r
19/09/91
20/09t9l
22t09/91
22/09/9r
26/09/91
30t09/91
02tr0t9r
06/10/9r
07tr0t9r
08/r0/91
09/ro/91
09/ro/9r
10/r0/91
13/rO/9r
r5/r0t9r
t6/lo/91
22tro/91
23/L0t9r
29/10/9r
30/r0/9r
3t/r0t9r
02/04/92
29/05/92
30/05/92

Time (UT)
15:53
l6:25
l6 :1 ,3
l6:02
15:50
16:33
l6 :21
1 7 : 1 6
l7:07
76:42
l6:30
1 6 : 1 8
l f  : ) )

17:37
L6:46
16:03
l5:40
l6:34
l6:22
l 6 : l l
l5:59
l7 :41
15:48
16:54
16:31
16:19
l6:49
I6:37
17:08
16:57
l6:45
l6:41
17:03
16:51

6.09
5.21
5.04
4.47
5.42
7.50
5 . 1 3

13.14
9.46
6.84
5 . 1 9
9.09
).))
3.93
6.54

1 2 . I O
12.31
10.69
12,60
9.63

10.28
9.45

10.75
9,82

1 3 . 8 1
7.44

12.58
12.90
r7.69
r  1 .95
1 0 . 1 8
17.33
t . t 6
1 . 5 1

T " T O T T T
2.05 2.74 2.08
2.66 3.60 3.86
r.63 2.54 2.96
2.84  3 .90  4 .19
4.19 5.29 6.00
3.89 4.77 4.57
L23 1.88 1.91
7.4 t  8 .60  8 .36
s.29 5.02 4.49
3.08 2.83 2.82
0.80 1.02 L66
4.30 3.36 3.35
0.61 1.89 2.45
-0.37 0.49 1.03
1.58 2.28 2.95
7.64 7.47 8.r2
8.04 7.43 7.r5
3 .79  4 .83  5 .16
6.81 7.24 7.04
1 . 1 2  2 . t 5  2 . 2 1
2.79 4.34 4.52
3.30  4 .15  4 .38
4.09 4.80 5.53
s .16  6 .13  6 .78
7.43 7.06 6.29
1.75 2.44 2.87
6.57 6.84 7.4r
7.53 8.01 8.64

12.50 12.56 12.4r
7.s3 7.44 7.91
5.12  5 .47  5 .91

14.01 14.89 t4.52
-0.64 0.58 r.21
1.46  1 .88  2 .73

5.26 s9.6
4 .91  18 .0
r.29 33.3
2.47 45.5
2.40 54.8
6.25 6.8
1 .86  23 .8

t1.23 48.9
7.26 36.7
4.24 2.2
0.48 17.0
8 .11  33 .3
0.30 55.3
-r.26 62.7
0.83 r4.r
8.40 49.9
9.55 65.0
4 . t8  r2 .9
9.32 30.0
3.95 43.s
4.82 53.6
3.87 64.1
4.72 6r.2
3.53 1,7.9
8.37 20,2

-0.18 35.9
5 .90  10 .1
6.97 9.6

1r.67 36.9
7 . r3  20 .8
5.29 r.7

15.81 25.9
1 . 1 3  2 . 0
1.2t 20.2
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Table 11: Evening NOAA-l2 AVHRR brightness temperatures ('C) and in situ validation

temperatures ('C) for the Walpeup site when the field was left fallow. The date, time
(hours:minutes), satellite surface zenith angle (g in degrees) and solar zenith angle (y in de-

grees) are given for the pixel closest to the field site.

D&VY
2U0A%
02t09t9r
03tog/9r
r0/09/9r
r'7t09t97
t8t09t91
L9t0919r
22/09/9r
26t09t9L
30/09t9r
07/r0t9l
08110/9r
09tr0/9r
t0tr0t9L
13tr0t9l
14/t0t91
22/r0/91
23/r0t9l
24tr0t91
3r/r0/91
02/04192
20t04/92
2r/04t92
29/05t92
30t05t92

Time (UT)
10:04
10:00
09:40
lO:34
09:49
1 1 : 0 9
10:48
09:45
I0:02
1 0 : 1 9
lI:14
10:53
l0:32
10:1  1
IO:49
10:30
09:22
10:40
L0:20
09:33
10:38
lO:57
10:36
lO:29
10:08

4.20 4.74
5.70 8.39
6 . 4 2  1 1 . 1 1
4.66 8.44
3.64 10.71
3.39 9.26
2.17  8 .45
5.63 11.21
6.82 13.55

10.64 14.64
6.24 14.74
4.69 13.84
9.48 15.22
9.37 14.37
9.r9 14.74

16.t9 20.68
10.71. 18.87
11.18  16 .99
rr.76 19.84
9.45 15.6r

t4.47 17.25
6.93 9.75
6.12  8 .65
3.94 4,67
4.96  6 .15

T
5.06 24.7
8 .96  30 .1
8.28 52.9
7.59 24.3

10.37 45.0
7.26 58.6
3.90 40.9
7.61 48.9
8.67 29.3

10.83 2.2
rr.20 6r.4
9.22 45.6

tt.40 t9.2
10.06 16.0
7.82 4r.3

16,96 r2.5
13,44 66.0
11.38  3 t .2
15.45 1.9
10.80 58.5
17.36 24.5
9.71 46.7
8.05 20.8
4.69 10.6
6.01 23.6

T a T T . T
4.t4 4.20
4.92 5.76
5.35  6 .7 r
3 .86  5 . t2
4.91 4.83
2.29 3.79
1.44 2.41
5.66 5.83
5 . 4 3  7 . r r
9.r1 10.6'1
7.43 7.5r
4.82 6.00
9.22 10.09
8.85  9 .7  4
7 .54  9 . r r

15.6t 16.56
10.  18  1  1 .59
10.50 tt.70
12.74 12.99
9.38 10.03

13.19 14.57
s.46 6.85
4.45 6.16
2.77 3.43
3.54 4.41
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Table 12 Morning NOAA-12 AVHRR brightness temperatures (oC) and in situ validation tem-
peratures (oC) for the Walpeup site when the field was left fallow. The date, time (hours:minutes),

satellite surface zenith angle (g in degrees) and solar zenith angle (y in degrees) are given for

the pixel closest to the field site.

DA4/Y
2U0U9l
3U08/9r
02t09t9r
03/09/9r
05/09/9r
07/09/91
08/09/9r
to/09/91
tt/09/91
t5/09/9r
r7to9t9r
t8/09t91
19t09/9r
25/09/91
26/09t9r
29/09/9r
0t/ro/91
021r0/91
03/10/91
03n0/91
07/t0/9r
08/10t91
09/10/9r
t0/t019I
L3t1,O/91
t4/10/91
15lr0l9r
17/lO/91
l8/10/91
23tLOt91
30tr0t91
3r/r0/9r
ozto4t92
20/04/92
29/05/92

Time(UT)
2l:25
22:02
21:21
2l:OO
2l :59
2 l : 1 7
2O:57
2 l :55
2 l :34
2 7 : 5 1
21:09
2O:49
22:09
2l:43
2 l :23
22:OI
2 l : 1 8
20:58
20:37
22:18
20:54
22:14
2 l :52
2 l : 3 1
22:10
2 l :48
2l:27
20:46
22:05
22:01
21:14
20:53
2 l :58
22:I7
2l:48

T " T T . T T,
J . J f

7.0r
4.49

-0.05
6.25
9.30
-0.12
6.68
6.57

15.29
7.92
2.82
6.57

12.42
5.95

74.75
11.69
t 4 . t l
9 . 8 1

18.66
8.91

15.37
13.66
10.30
19.35
24,0r
12.06
5.41

2 1 . 8 8
t8.44
11.93
t0.26
2 r , 8 1
10.52
1.56

4.97 4.04
5.57 3.s0
3.62 3.97
0.37 r.70
9.r7 7.48
1.68 7.73
1.63  2 . t9

14.06 3.62
1,49  3 .91

r1.40 10.78
7.02 5.73
r.94 2.00

16.08 3.39
12.12 t0.17
7,26 6.10

27.44 10.29
12.38 10,69
12.95 11.59
10.18  10 .59
19.65 15.63
9.01 7.75

16.94 10.67
15.36 12.12
r3.7s 9.90
19.60 16.37
22.48 21,03
13.30 11.52
8.31 5.47

22.18  18 .51
20.99 t7.43
15.00 11.97
1 1 .78  8 .85
20.45 18.71
13.87 7.53
0 . 1 2  0 . 1 8

4.26 5.33
3 . 1 8  3 . 3 8
3.77 6.38
1.90  4 .14
7.56 10.26
7.46 1r.24
2.29 4.94
2.55 6.78
3.33 7.24

t0.23 t4.05
4.85  8 .81
1.08 4.09
2 . r 5  6 . 1 9
9.30 12.88
6.02 8.01
8.85 15,36
9.9r 13.66

11.09 14.49
lo.4t 13.81
14.58 19.t7
6.84 12.06
9.r7 t5.52

11.40 14.62
9.03 12.21

t5.52 17.39
20.26 2t.84
10.73 14.35
5.34 9.20

17.58 19.27
16.40 19.25
11.26 t5.42
8.29 13.30

r7.58 21.78
7.07 11.26
0.72 1.86

9.0 823
45.5 74.3
r8.7 83.3
45.3 87.2
40.4 75.0
24.6 82.6
49.0 86.5
35.7 74.3
3 . 6  7 t . 2

30.6 73.5
35.3 8r.2
55.4 85.1
49.8 68.9
18.8 72.0
16.8 75.9
41.8 67.4
23.2 75.2
48.3 79.2
6 3 . r  8 3 . 1
57.0 62.9
51.9 78.6
53.9 62.2
3t.6 66.1
2.3 70.r

50.3 61,.6
25.6 65.6
9.5 69.6

57.9 77.6
46.3 6r.2
4r.6 60.9
29.3 68.8
51.7 72.9
37.5 73.4
55.8  73 . r
25.6 84.6
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Table 13: Daytime NOAA-II AVHRR brightness temperatures (oC) and in situ validation tem-
peratures fC) for the pasture land at the Uardry field site. The date, time (hours:minutes),
satellite surface zenith angle (q in degrees) and solar zenith angle (y in degrees) are given for
the pixel closest to the field site.

Time T . T T5 T, T, T
10/07/92
16/07/92

/07/92
t92
t92

UO1/92

IItOS/92
2U08/92

r7/09t92
2/09t92

05:38
06:08
05:36
05:12
04:59
06:28
O6:04
O6:21
05:55
O5:37
06:41
05:53
05:22
05:09
05:14
05:54
05:15
05:03
06:13
06:00
06:17
O6:20
05:56

16.60
t7.90
19.30
2t.60
22.70
13.90
16,70
t4.60
17.80
20.40
19.50
2t.20
21.40
25.90
24.90
26.20
27.50
30.70
34.40
36.50
38.60
38.40
50.10

t6 .7  73 .0
47.5 77.0
23.8 70.3
51.8  66 .4
60.8 64.4
49.3 78.1
20.8 73.7
40.9 75.4
7.3 70.6

25.9 65.1
67.t  76.5

1 . 0  6 7  . 1
46.4 59.4
56.5 s7.r
53.9 56.1
3.9 62.s

5 5 . 1  5 1 . 3
63.2 48.9
10.7 53.1
9.8 50.3

15.7 53.0
5.0 52.9

20.0 47.8

rzt10/92
I3lt0t92
13/12t92
14/12/92
2ut2/92
29n2/92
3U12t92

13.97  11 .00
14.26 12.06
t7.56 t4.34
20.83 t6.52
20.52 t7.82
t2.06 9.56
15.30 12.60
t2.19 9.77
16.74 13.95
22.74 14.90
19.21 14.00
20.88 17.62
20.21 15.85
22.49 17.47
22.86 18.65
24.06 20.5r
22.55 19.91
24.t7 2097
30.65 24.87
34.92 29.45
36.60 28.79
35.86 30.55
43.40 37.65

10.90 13.20 13.30
t2 . t7  13 .50  15 .80
14.09 15.70 16.20
15.31 20.80 t7.90
t6"94 22.30 18.10
9.47 12.90 12.80

12.48 15.40 13.10
9.59 t2.70 12.70

13.84 16.70 15.60
13.88  19 .80  15 .10
13.50 19.00 14.20
17.36 20.60 16.50
15.21 20.80 14.90
16.15 24.10 16.70
t7.3t 24.90 r7.50
19.09 24.40 2t.90
18.80 26.80 20.30
19.44 29.80 24.60
22.75 30.60 28.10
28.08 31.90 28.10
25.79 34.s0 32.90
28.94 32.40 28.00
34.8t 4t ,20 37.00
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Table 14: Nighttime NOAA-l1 AVHRR brightness temperatures ("C) and in situ validation
temperatures ("C) for the pasture land at the Uardry field site. The date, time (hours:minutes)
and satellite surface zenith angle (rp in degrees) are given for the pixel closest to the field site.

DfuT/Y
09toT/92
13/07/92
15/07t92
r5/o7t92
16/07/92
26/07/92
03to8/92
06/08/92
12/08t92
17/08t92
17t08t92
24/08/92
27t08/92
02/09/92
03/09/92
06/09t92
07t09/92
08/09t92
13t09/92
15t09/92
16/09/92
20/09t92
22t09/92
30/09t92
o6t10/92
06/10/92
TTITO/92
1,2/tO/92
13/10/92
08n2/92
09/12/92
26/12t92
29t12t92
3r/12t92

Time T " T
-0.64 -0.56
-3.15 -2.47
-r.36 -0.20
-2.75 -2.95
-0.19 0.69
-3,55 -3.66
-r.94 -1.90
0.73 0.94
2,66 2.74
-1.56 -0.31
-2,59 -1.55
-3.05 -2.37
3.87  4 .51
2,27 2.67

-1.05 -0.34
3 , 3 8  4 . t l
t .42 1.45

-1.16 -1.t4
-3.05 -2.88
r.73 1.92
2.29 2.73

-1.30 -0.76
4.37 5.29
3.94 3.80
6.74 632
5.1  1  5  .78
3.27 3.69
6.28 7.74
7.80 9.04

11.99 t2.90
11.95 12.78
tt.40 12.24
I 1.89 13.00
18.43  19 .10

T T. T T
t .4  233
0.1 46.2
r.2 63.4
0.1 s4.5
1.5 43.4

-1.2 16.
- t .2  11 .
1 ,7  24 .
4 .0  8 .
r .6 62.
0.6 56.

-0 .6  51 .
6 .5  36 .
4 .1  60 .
1.8 52.
6 .2  5 .3
3 . 1  1 4
1 . 1  3 1 .

-2.0 29,3
2.3 8.
3.2 27.2
2.4 50.9
7 .5  16 .
5 . 1  2 1
8.2 63.

1 7 : 1 5
l6:26
16:03
17:43
17:3 I
17 :11
l 7 : 1 6
I6:39
17:08
16:08
17:49
l6:24
I7:29
I6:77
I7:45
17:09
16:57
l6:45
17:25
17:02
I6:49
17:42
1 7 : 1  8
I7:22
16: l l
17 :51
16:51
l6 :39
I6:27
16:55
l6:44
l6:40
l7:44
I7:20

-0.06
-1.73
0.70

-1 .89
1.36

-3.05
-1.24
r.26
3.03

-0.05
-1,26
-1,47
4.92
3.36
0.08
4.36
1 . 9 1

-0.66
-2.09
2.23
3.07

-0.05
5.85
4.57
6.50
6 . 1 1
4.29
8.32
9 . 1 8

t2.72
12.88
t2 . to
13.36
r8 .73

1 . 9
1 . 0
1 . 5
0.7
t , 9

-0.4
-0.1

J . J

4.4
2.4
1 . 8
0 . 1
6 .5
5 .5
3 .7
6 .8
4 .5
2 .9
r .9
4.5
4.',I
3 . 2
'7.8

7 .6
10.3
9 .9
9 .3

tt.7
13.6
18.2
t7 .8
15.4
L 6 . l
2 1 . 8

1 . 8
0 ,9
t . 6
0 . 1
2 .6
-1.7
-3.0
2 .3
5 .7
1 . 8
t . 2

-0.4
7 .5
5 .2
2.2
6.2
2.7
t . 2
0.9
3 . 5
3 .9
0 .8
5 .9
5 . 6
7 .0
6 .4
4 ,7
8 . 6

1 1 . 6
18.6
14.1
t2 .2
i 3 . 1
20.4

7.5 53.1
6.0 29.r
9.3 43.3

r2.2 53.
14.2 32.3
r5.4 46
t3.6 51.5
r4.9 37.5
22.4 0.4
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Table 15: Morning NOAA-I2AVHRR brightness temperatures ('C) and in situ validation tem-
peratures fC) for the pasture land at the Uardry field site. The date, time (hours:minutes),

satellite surface zenith angle (g in degrees) and the solar zenith angle (ty in degrees) are given

for the pixel closest to the field site.

DA[/Y
09to7ln
l3to7l92
15/07t92
15t07/92
t6to7/92
26/07/92
03t08/92
06t08t92
12t08/92
r7/08/92
L7/08t92
24t08t92
27t08/92
o2to9/92
03to9/92
06t09t92
07/09/92
08109192
L3tog/92
1s/09/92
r6to9t92
20t09192
22/09t92
30/09/92
06/10/92
06tLo/92
|Ur0l92
12nO/92
13/to/92
08112/92
09/12/92
26/t2/92
29/12192
3Ur2l92

Time T
-0.64
-3 .15
-r.36
-2.75
-0.19
-3.55
-1.94
0.73
2.66
-1.56
-2.59
-3.05
3,87
2.27

-1.05
3.38
1.42

- 1 . 1 6
-3.05
r ,73
2.29

-1 .30
4.37
3.94
6.74
5 . 1 1
3 . 2  I

6.28
7.80

t1,.99
11,95
tt.40
1 1 .89
18.43

L 7 : I 5
l6:26
16:03
17:43
17:3 I
77 :11
l 7 : 1 6
l6:39
17:08
16:08
17:49
I6:24
L7:29
1 6 : 1 7
l7:45
L7:09
l6:57
l6:45
17:25
17:02
l6:49
l7:42
1 7 : 1 8
17:22
l 6 : 1 1
l7 :51
16:51
l6:39
l6:27
16:55
16:44
16:40
17:44
17:20

-0.56
-2.47
-0.20
-2.95
0.69

-3.66
-1.90
0.94
2.74
-0.37
-1 .55
-2.37
4.51
2.67
-0.34
4 . t t
t .45
-1.r4
-2.88
1.92
2.73
-0.76
5.29
3.80
6.32
5.78
3.69
7.74
9.04

12.90
t2.78
12.24
13.00
19.10

-0.06
-1.73
0.70

-1 .89
r .36

-3.05
-t.24
L26
3.03

-0.05
-r.26
-t.47
4.92
3,36
0.08
4.36
1 . 9 1

-0.66
-2.09
2.23
3.07

-0.05
5.85
4.57
6.50
6 . 1 1
4.29
8.32
9 . 1 8

12.72
12.88
t 2 . t o
13.36
18.73

r .9
1 . 0
1 . 5
0.7
t . 9
-0.4
-0.1
3 .3
4.4
2.4
1 . 8
0 .1
6 .5
f . )

3.7
6 .8
4.5
2.9
1,.9
4 .5
+ . t
3 .2
7 .8
7 .6

10.3
9 .9
9 .3

tt.7
t3.6
18.2
17.8
15.4
1 6 . l
2 t . 8

T T T T T
1 . 8
0.9
1 , 6
0 . 1
2.6
-1.7
-3.0
2.3
5 . 1
1 . 8
1 . 2
-0.4
7 .5
5 .2
2 .2
6 .2
2 .7
t , 2
0.9
3 . 5
3 .9
0 .8
5 .9
5 .6
7 .0
6.4
4.7
8 .6

LI.6
i 8 . 6
14.r
12.2
1 3 . 1
20.4

t .4  23 .3
0 .1  46 .
r.2 63.
0.1  54 .
1 .5  43 .

-1.2 16.
-1 .2  11 .
1.1 24
4.0  8 .
r . 6  6
0.6 56.

-0 .6  51 .
6.5 36.3
4.r 60.
1.8 52.2
6 .2  5 .
3 .1  14 .
1 . 1  3 1 .

2 .3  8 .
3.2 27.
2.4 50.

-2.0 29

7.5 16.4
5 . 1  2 1
8.2 63.
7 .5  53 .1
6 .0  29 .1
9.3 43.3

12.2 53.
r4.2 32.3
t5.4 46.
13.6 51.5
14.9 37.5
22.4 0.4
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Table 16: Evening NOAA-l2 AVHRR brightness temperatures ('C) and in situ validation tem-
peratures ('C) for the pasture land at the Uardry field site. The date, time (hours:minutes) and
satellite surface zenith angle (g in degrees) are given for the pixel closest to the field site.

t92
12t07/92

/92

3/08/92

ru08l92
17/08/92
18/08/92

t0/09t92

z
t0/92

12/tO/92
t3/ro/92

rzt92
r2t92

r0/12t92

Time

lO:57
09:57
lO:32
IO:46
fi:26
O9:21
09:58
09:14
l0:27
10:06
09:38
09:10
09:47
09:25
l0:02
1 0 : 1 6
l0:12
O9:54
09:44
10:35
lO:14
10: l9
09:58
O9:36

T" T.
0.89 r,45
0.76 2.2r
4.73 s.88
-2.3t -2.25
-2.06 -1.58
3.73 4.74
0.74 1.36
2.09 3.59
1.89 3.07

-0.12 -0.03
-0.99 -0.53
3.94 3.9r
4.70 4.98
1.81  2 .86
3.25 4.63
3.91 s.04
2.23 3.29
4.27 s.91
6.89 7.64
7.92 9.33

10.96 rr.62
15.44 15.93
18.96  18 .66
t7.62 r8.08

T
4.4 58.
6.0 26.
7 .8  34
2.3 50.
1 .0  25 .
7.7 59.
3 .9  t9 .
6.9 64.
6.3 28.
2.3 5.
3 .5  45 .
7.7 66.
9.2 35.
7 .5 57.
9.2 t3.

T
1 .75
2.49
6 . t 3
-1.74
-1.26
4.57
r.49
3.78
3.03
0.5s

-0.18
2 . 8 1
4.99
2.85
4.65
4.88
3 . 1 4
6.00
7.49
9.46

rr.39
t5.02
t7 .87
17.29

T
4.9
5 .2
7. r
t .6
1 . 5
8 . 1
4.2
6.7
6 ,0
3 . r
2.9
7.9
8 .6
7.2
8 .6
9 ,0
8 .5

1 1 . 0
12.7
t4.6
16.5
2r . r
21.4
23.7

T
5 . 1
6.3
8.4
2.3
0.9
7.9
3 . 1

6.9
6 . r
2.8
1 . 8
8 .6
7 .3
6.2
7 .9
7 .5
4 .8
8 .5
8 . 8

10.5
t3.7
19.6
19.3
22.2

t0.4 11
8.2  4 .1
9.9 30.

10.3 39.
r3.9 39

22.9 18.
25.1 46.5

16.3  8 .8
22.0 r8.2
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Table 17: ATSR brightness temperatures, in situ temperatures (Tr), and viewing angles for
validation data from the Walpeup site. The in situ values have been interpolated to the ATSR
overpass time. In all cases the in situ data were obtained within one hour of the ATSR data. T n,,

and T f,, are the 11 pm ArSR nadir and forward brightness temperatures; T n12 and r f12 are the
12 pm ATSR nadir and forward brightness temperatures. Al1 temperatures are in oc. gn, gr, afld
y are the nadir and forward surface zenith angles, and solar zenith angles respectively.

I
1

TO/91
t0/91,

L2nO/91
2InO/91

t0/91

Time (UT)

13:27
13:27
13:27
13:27
73:27
13:2'7
00:35

Tn

5.03 4.33
t0.26 t0.41
8.52 6.68
8.06 6.52

12.45 11.51
10.26 9.t9
29.19 26.86

Tn.r Ttn

4.99 4.76
10.59 10.38
8.50 5.43
8.06 6.39

1,2.62 1t.46
10.06 9.16
27.49 25.41

Tr 9"
7.63 2.5

11.90  2 .5
13.8s  2 .5
11.37 2.5
16.99 2.5
14.82 2.5
3 1 . 8 8  5 . 6

9 r V
54.9
54.9
54.9
54.9
54.9
54.9
54.8 34.2
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Table 18: ATSR brightness temperatures Tn11, Tr11, Tor2, and Trrz, in situ temperatures (Tr), and
viewing angles (degrees) for the validation data obtained from the Uardry site. All tempera-
tures are in oC. gn, 91, and ry are the nadir and forward surface zenith angles, and solar zenith
angles respectively.

t08/92

10/09t92
13t09t92
14t09t92
17t09t92
29t09t92

10/92
t2no/92
Ur0t92
2trot92

12/92
toloL/93
13t0U93
t9t0U93
UO2t93

30t12/92
wau93
18t0r/93
28/0r/93
31/01/93

L3/02/93
t03/93
/03t93

J

Time (UT)

13:03
OO:21
13:I7
13:09
1 3 : 1 5
00:27
00:33
13:12
13:23
13:03
13:20
00:32
OO:24
00:18
OO:24
00:35
00:27
00:35
1 3 : 1 0
1 3 : 1 0
13:27
13:07
13:12
1 3 : 1 8
13:04
13:07
13:12
13:04
1 3 ; 1 5
13:21

-1.67 0.02
12.43 t4.98
-0.08 2.84
3.28 6.76

- 1 . 1 8  3 . 6 8
20.00 22.40
17.6t 23.56
290 5.54
4.53 9.82
8.24 t2.02
7.30 10.00

2r.24 34.88
24.85 42.17
27.67 42.50
33.29 45.60
27.47 44.03
30.47 51,.t6
19.93 29.62
r7.09 23.53
12.55 18.98
16.28 22.88
15.51 22.73
20.34 27.90
2t .17  28 .85
19.63 24.17
10.38 16.33
12.77 18.58
15.05 19.10
13.39 t6.52
8.89  11 .95

Tn,, f,, Tnn T,, T 9 ' 9 r V
2.8 54.9

14.6 53.6 58.9
13.9 s3.7
14.2 53.7
19.5 52.6
19.2 52.7 45.8
7.8 54.6 43.9

19.8 52.6
2.5 55.0
2.9 54.9
8.3 54.s
8 .0  54 .5  31 .5

20.0 52.s 26.0
9.0 54.4 30.4

203 52.5 29.6
2.r 55.0 28.5

19.2 52J 32.5
2.3 55.0 45.5
8.3 54.5

1,9.9 52,5
2.6 54.9

t4.2 53.7
t9.6 52.6
8.3 54.5
8.5 54.s

r4.2 53.7
t9.6 52.6
8.5 54.5

r3.9 53.7
2.5 55.0

-2.0r -2.28 -r.21
13.33 12.93 t2.9r
0.54 -0.78 1.00
4.07 3.3r 4.81,
0.03 -1.80 0.32

2r.23 20.71 20.80
20.54 19.16 19.18
3.55 2.50 3.86
6.26 4.08 6.24
8.47 8.09 8.82
7.39 7.07 7.67

27.39 22.53 26.41
32.69 27.71 30.19
34.96 29.45 33.rc
37.66 34.79 36.09
35.21 30.33 32.88
38.84 33.22 36.85
23.48 21,.5"t 22.2r
18.31 17.09 18.07
t3.13 t1.91 1,3.34
18.75  17 .1 ,3  18 .16
1,7.90 15.66 r7.36
23.09 21.73 22.52
23.17 2r.24 23.64
2t.2t 20.24 20.76
tt.t9 10.36 It.47
13.95 13.09 t4.15
15.41 15.67 1,4.41,
14.30 13.65 14.14
9.54 8.83 9.36
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Table 79: Mean monthly climatological atmospheric parameters for the Walpeup site. See text
for definitions of the parameters. The units for all radiances axe mw(m2grn-1sr). 7p is the
monthly mean temperature at 1000 mb,

Table 20: Mean monthly climatological atmospheric parameters for the Hay site. The units for
all radiances are mW(m2cm-1sr). 7a is the monthly mean temperature at 1000 mb.

Table 2l: Emissivity measurements and error estimates for the soils at Walpeup and
Hay, and for the growing and senesced wheat crops at Walpeup.

To tr4
K

295.60 0.811
295.50 0,811
293.20 0.824
289.85 0.838
285.70 0.858
282.60 0.868
282.30 0.875
283.65 0.87s
286.60 0.872
289.95 0.862
292.05 0.855
294.r0 0.843

0.747 2.997
0.747 2.987
0.765 3.023
0.785 3.068
0.814 3.214
0.829 3.329
0.838 3.450
0.838 3.445
0.835 3.428
0.819 3.294
0.811 3 .246
0.792 3.136

26.04 15.53
26.20 15.60
23.58 13.97
20.44 12.03
r7.02 9.88
15.01 8.70
13.96 8.07
t4 .03  8 .10
14,84 8.57
16.86 9.82
18.05 10.56
20.35 12.13

cm-z
25.68 r.46
26.06 r.42
23.25  1 .31
20.23 1.18
t6.62 0.98
14.66 0.90

T+st - R+l RsI R+I Rst Pw

Apr
May
un
ul

Aug
Sep

an

Nov
Dec

1,6.5r
16 .80
15.03
13.02
10.83
9.61
8.99
9.01
9.52

10.86
TT.64
13.09

13.62 0.
13.64 0.
14.47 0.8
16.44 1.
t7  .65  1 .0
20.22  1 .1

t A <t -onth To x4
K

295.08 0.809
294.78 0.804
292.45 0.819
288.83 0.837
284.60 0.8s6
281.70 0.868
281.25 0.875
282.65 0.874
285.45 0.869
288.88 0.856
291.0s 0.851
293.48 0.838

0.745 2.974
0.737 2.954
0.758 2.988
0.784 3.056
0 . 8 1 1  3 . 1 8 3
0.829 3 .318
0.838 3.42s
0.836 3.398
0.830 3.360
0.812 3.223
0.804 3.r84
0.786 3.096

16.58  26 .11
11.23 26,99
t5.27 24.01
t2.91 20.42
10.80 16.99
9.48 14.82
8.85 13.17
8.98 14.02
9.62 15.02

1 1 . 1 3  r 7 . 3 4
11.90  18 .53
t3.37 20.85

cm
15.59 25.15 1.
16 .13  26 .80  1
14.24 23.15 1.35
11.99  20 .1 t  l  l8
9 .86  16 .60  1 .01
8.57 14.46 0.91
7.95 t3.4r 0.
8.09 13.64 0.86
8.69 14.65 0.

t0, t2 17.00 1.04
10.85  18 .21  t . l l
12.36 20.66 1.

R+J Rsl R+t Rs1 Pw

Ap.
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Surface type

W"lp".p""rdy r"tl
Walpeup-growing wheatt
Walpeup-senesced wheatt
Hay soil (red clay)

Emissivity
11 pm 12 ltn
0.955 A.965

0.976
0.980

0.958 0.967
0.978 0.982

Emissivity error
11 um 12um
+0.005 +0.005

+0.015
+0.007

+0.005 +0.005
+0.005 +0.005Hay soiU 10n mlxture

fBroadband (10-12.5 pm) measurements.



CSIRO DTVISION OF ATMOSPIIERIC RESEARCH TECHNICAL PAPERS

N o . 1

No.2

No .3

No'4

No.5

No .6

No.7

No .8

No .9

No. 10

No. 11

No .12

Galbally, I. E.; Roy, C. R.; Otsrien, R. S.; Ridley, B.A.; Hastie, D. R.; Evans, W. J.
F.; McElroy, C. T.; Kerr, J. B.; Hyson, P.; IGright, W.; Laby, J. E.
Measurements of haco composition of the Austal stratosphere: chemical and
meteorological data. 1983. 31 p.

Enting, L G.
Error analysis for parameter estimates from constrained inversion. 1983. 18 p.

Enting, I. G.; Pearman, G. I.
Refinements to a one-dimensional carbon cyclo model. 1983. 35 p.

Francey, R. J.; Barbetti, M.; Bird, T.; Beardsmore, D.; Coupland, W.; Doleza], J. E.;
Farquhar, G. D.; Flynn, R. G.; Fraser, P. J.; Gifford, R. M.; Goodman, H. S.; Kunda,
B.; McPbail, S.; Nanson, G.; Poarsran, G. I.; Richards, N. G.; Sharkey, T. D.; Templo,
R. B.; Weir, B.
Isotopes in tree rings. 1984. 86 p.

Enting, I. G.
Techniques for detemrining surface sources from surface observations of atmospheric
constituents. 1984. 30 p.

Beardsmore, D. J,; Pearman, G. I.; O'Brien, R. C.
The CSIRO (Aushalia) Atmospheric Carbon Dioxide Monitoring Program: surface
data. 1984. 115 p.

Scott, John C.
High speed magnetic tape inEerface for a microcomputen L984. 17 p.

Galbally,I. E.; Roy, C. R.; Elsworth, C. M.; Rabich, H. A. H.
The measurement of nitrogen oxide (NO, NO2) exchange over plant/soil surfaces.
1985.23 p.

Enting,I. G.
A strategy for calibrating atmospheric tansport models. 1985. 25 p.

O'Brien, D. M.
TOVPIX: software for exbaction and calibration of TOVS data from the high
resolution picture tansmission from TIROS-N satellites. 1985. 41 p.

Enting, I. G.; Mansbridge, J. V.
Description of a two-dimensional atnospheric transport model. 1986. 22 p.

Everott, J. R.; O'Brien, D. M.; Davis, T. J.
A report on experiments to measure average fibre diameters by optical fourier analysis.
1986.22p.



No.13

No.14

No. 15

No .16

No .17

No .18

No .19

No.20

No .21

No.22

No.23

No.24

No.25

No.26

Enting,I. G.
A signal procossing approach to analysing background atmosphoric constituent data.
1.986.21p.

Enting, L G.; Mansbridge, J. V.
Preliminary studies with a two- dimensional model using transport fields derived from
a GCM. 1987.47 p.

O'Brien, D. M.; Mitchell, R. M.
Technical assossmant of the joint cSlRo/Burpau of Meteorology proposal for a
geostationary imager/ sounder over the Austalian region. 1987. 53 p.

Galbally, L E.; Manins, P. C.; Ripari, L.; Bareup, R.
A numerical model of the late (ascending) stage of a nuclear fireball. 19g2. g9 p.

Durre, A. M.l Beer, T.
wind information prediction study: Annaburtoo meteorological data analysis. 19g9. 30
p. + diskette.

Mansbridgo, J. V.; Enting, I. G.
Sensitivity studies in a two- dimensional atmospheric transport model. 1989. 33 p.

O'Brien, D. M.; Mitchell, R. M.
Zones of feasibility for retieval of surface pressurr from observations of absorption in
the A band of oxygen. 1989. 12 p.

Evans, J. L.
Envisaged impacts of enhanced greenhouse warming on tropical cyclones in the
Aushalian region. 1990. 31 p. [Out of print]

Whetton, P. H.; Pittock, A. B.
Australian rogion intercomparison of the results of somo genoral circulation models
used in enhanced greenhouse experiments. t99t. 73 p. [Out of print]

Enting, I. G.
Calculating future atmospheric CO2 concentrations. L991..32 p.

Kowalczyk, E. A.; Garratl J. R.; Krummel, P. B.
A soil-canopy scheme for use in a numerical model of the atrnosphere - lD stand-
alone model. 1992.56 p.

Physick, W. L.; Noonan, J.A.; McGregor, J.L.; Hurley, p.J.; Abbs, D.J.; Manins, p.C.
LADM: A Lagrangian Atmospheric Dispersion Model. L994. 137 p.

Enting, I. G.
Conshaining the atmospheric carbon budget a preliminary assessment. L992.25 p.

McGregor, J. L.; Gordon, H. B.; Wattorson, I. G.; Dix, M. R.; Rotstayn, L. D.
The CSIRO 9-level atmospheric goneral circulation model. 1993. 89 p.



No.27

No.28

No.29

No .30

No .32

Enting, L G.; Lassey, K. R.
The CSIRO 9Jevel atraospheric genoral circulation model. with appondix by R. A.
Houghton. 1993.42p.

[Not published]

Enting, I. G.; Trudinger, C. M.; Francey, R. J.; Granek, H.
Synthesis inversion of atrnosphoric co2 using the GISS ftacer transport model. 1993.
44 p.

O'Brien. D. M.
Radiation fluxes and cloud amounts predicted by the cSIRo nine level GCM and
observed by ERBE and ISCCP. 1993. 37 p.

Kowalczyk, E.A.; Garratt, J.R.; Krummel, P.B.
Implementation of a soil-canopy scheme into the cslRo GCM -regional aspects of
tho modol response


