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Abstract The Bureau of Meteorology has generated a rangmmioved spatial climate analyses
and remotely sensed datasets for Australia as ilmotion to the Australian Water Availability
Project. This data includes analyses of rainfalipperature, vapour pressure and wind run at daily
and monthly timescales. Robust topography-resolainglysis methods have been developed and
applied toin situ observations of rainfall, temperature and vapoesgure to produce analyses at
0.05° resolution for the period 1980 to the pres€hése results represent substantial improvements
on operational analyses currently produced by tiee®1 of Meteorology. Coarser-resolution
analyses of wind run have also been developedy Bailface global solar exposure is estimated
from hourly visible-band geostationary satellitedajausing a physical model of radiative transfer
within the atmosphere, and water vapour amount feomumerical weather prediction model.
Archive reprocessing has generated a consisteof siaily exposure fields at 0.05° resolution from
1990 to the present. NDVI composites and per-diddds of land surface temperature with national
coverage, at 0.01° and 0.05° resolution, are bpinguced from AVHRR data. These systems are
now running in real-time and, as inputs to terrabwater balance models, are expected to underpin
ongoing operational monitoring of soil moisture dhd associated water fluxes across Australia.

Introduction

The Australian Water Availability Project (AWAP) wastablished to provide a comprehensive and
consistent source of water balance informationAfestralia, covering soil moisture and all related
water fluxes: rainfall, soil evaporation, transgima, run-off and drainage to ground water. Through
a partnership of three Australian federal agencig®—Bureau of Rural Sciences, the Bureau of
Meteorology (the “Bureau”) and CSIRO—which was faddby the National Heritage Trust,
AWAP has generated historical datasets and develapeoperational prototype of a real-time
system to monitor soil moisture and the componéntet of the terrestrial water balance. The
Bureau has, as a contribution to AWAP, developdulisb systems to supply meteorological and
remotely sensed fields capable of supporting atmeed hydrological analysis system for Australia.

Meteorological analyses

We have developed an anomaly-based approach fdysama rainfall, vapour pressure and
temperature. The new approach is similar to théesysdescribed by Hunter and Meentemeyer
(2005) and Xieet al (2007). It uses a decomposition of the meteoroddgvariable T being

analysed into a long-term average (climatologicathponenflT and an anomaly componéht
T(X,Y,2t) =T (XY, 2)+TEx y,1), (1)

where §,y,z) denotes location anddenotes time. The climatological means are caledl#or the

period 1971-2000. We have used the Barnes suceessivection method for the analysis of the

anomalies (Jones and Weymouth, 1997), which is ctatipnally efficient and robust in coping

with strong gradients and data voids. The climaficial averages are analysed with three-

dimensional smoothing splines (Hutchinson, 199%)jctv suit the rather smooth climatological
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relationships between meteorological variables &tdude, longitude and altitude. We have
defined the “anomalies” for rainfall using divisioand those for temperature and vapour pressure
by subtraction. An advantage of the anomaly appras¢hat anomalies tend to be weakly related
to altitude and so can be adequately analysed wittwo-dimensional analysis procedure.
Furthermore, the average of all analyses will tentde consistent with the underlying climatology.
Figure 1 gives analyses for temperature, vapolgspire and rainfall, for daily and monthly periods.

The accuracy of the spatial analyses has beenndetnt through a cross-validation procedure
which repeatedly deleted 5% of the stations atne @nd calculated the errors in an analysis of the
remaining stations. The resulting maps of analgsgisr and all-station average errors reveal that th
new analyses are generally an improvement overiquevBureau practice. For maximum
(minimum) temperature, the station-mean root mepraied error (RMSE) is 0.7 °C (1.0 °C) for
monthly analyses and 1.2 °C (1.7 °C) for daily gea@s. The mean absolute error in monthly
precipitation, as a percentage of the mean, is Z%.vapour pressure analyses for 9am and 3pm
have an RMSE for the daily analysis of approximaBhPa, compared with a mean of 13 hPa.

Wind-run data has been compiled from 6-hourly nearface winds extracted from the
NCEP/NCAR reanalyses. This global data is on asear5° grid, and consequently the analysed
wind field is restricted to capturing synoptic-salind patterns. A gridded hourly analysis of 10-
metre wind with a grid resolution of approximatdljkm is presently being trialled in the Bureau.
Daily and monthly wind run fields are being derivedtaking the wind speed at each analysis hour
for each grid point to be the average wind speedh®e entire hour, and summing over a day and
aggregating over a month. The fourth panel of Fedushows an example of daily wind run.

The new analysis approach has been found to best,dioupreserve the background climatology in
the long-term and to be computationally achievafileese systems are seen as a substantial
improvement on existing Bureau practice and arepawable with international practice.
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Fig. 1. Meteorological analyses for Australia: (  top-left) daily maximum temperature, ( top-right)
monthly vapour pressure, ( bottom-left ) daily precipitation, and ( bottom-right ) daily wind run.
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Fig. 2. Daily solar exposure ( left), and a NOAA-18 NDVI composite ( right).

Satellite solar radiation

Dalily fields of solar radiation on a 0.05° grid eswmg Australia have been produced for 1990 to the
present, and production continues in near real-ti@pecifically, the parameter produced is daily
global horizontal exposure, at the land surface @ret the full solar spectrum. The primary data
input is visible-band imagery from the geostatignaneteorological satellites that have been
stationed over the western Pacific Ocean, namelyS@MGMS-5 and GOES-9 in the past, and
MTSAT-1R currently.

The satellite images have 1.25 km resolution atstigsatellite point and are typically produced
hourly. The data is acquired in real-time by thee3w and geolocated, calibrated and regridded to a
0.01° grid, then spatially averaged to the find50. grid. Instantaneous surface solar radiation
(irradiance) at each grid point is calculated foe time of each satellite image with a physical
model that parameterises the important aspectsh@fradiative transfer in clear and cloudy
atmospheres in two spectral bands, covering visiioled near-infrared wavelengths respectively
(Weymouth and Le Marshall, 2001). The physical peterisations are adapted to the spectral
response characteristics of each satellite. Tatainen water vapour amount, an ancillary input to
the model, is taken from a numerical weather ptextic(NWP) model field: the ERA and
NCAR/NCEP reanalyses for archival processing, ddforecast field from the Bureau’s LAPS
regional model for near real-time processing. Toerly surface irradiance estimates for each day
are integrated to give the daily solar exposuesah grid point. Figure 2 shows an example.

While the Bureau has produced real-time solar exgomaps since 1994, the production software
was recently rewritten to facilitate maintenancegke the real-time product more useable, and
enable reprocessing. The new software uses the (NA#mensional Array Processor) extension to

the Tcl scripting language that was developed byRCSfor processing gridded data with array

operations that transparently carry coordinateades, and with a natural interface to netCDF and
HDF files (Davies, 2002; http://tcl-nap.sourcefarg/).

High quality observations from the Bureau’s surfaeéwvork have been used to remove bias from
the satellite exposure estimates and to assess d@beuiracy. The bias as a linear function of
exposure is estimated from a regression againficgumeasured values for all sites and days in
each month. The station-mean modulus of the daitgllge-surface difference generally cycles
annually from approximately 0.8 MJ ‘min winter to 1.5 MJ m in summer, compared with an
exposure range of approximately 5 to 30 M3.mrchived data has been reprocessed to yield a
consistent and continuous record of daily expodfiarek to 1990. Monthly mean exposure grids
have been calculated, for both the real monthshaatVe climatological months in the period 1994
to 2005.
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AVHRR NDVI and land surface temperature

The AWAP system models vegetation greenness, asurezh by the Normalised Difference
Vegetation Index (NDVI), and land surface tempa@t{LST), currently in forward mode, but in
future by assimilating these data. The Bureau aegranetwork of ground stations across Australia
to receive data from the NOAA polar orbiting satel which carry the AVHRR sensor, and has
established systems to process AVHRR data intetiraal continental datasets of NDVI and LST.

The data is geolocated, calibrated, cloud maskea,nsasked and regridded using the Common
AVHRR Processing System (CAPS) software develope@8IRO using NAP. Geolocation uses

real-time navigation information generated by CSIRGHobart, based on an orbit model fitted to

coastline matches in a rolling one-month windowe Talibration of the reflective channels is a

linear extrapolation of the recent monthly updatdsased by NOAA/NESDIS. The CAPS cloud

mask is a modification of the CLAVR-1 scheme (Stostel, 1999). The data is regridded to a

0.01° grid by nearest-neighbour interpolation. Each satellite orbit, the data received at multiple
reception stations, which usually overlaps considigr, is merged into a single file.

NDVI fields from the NOAA-18 daytime orbits are cposited weekly by applying the maximum
value composite approach to all orbits in the pidewe 30 days. Figure 2 shows an example.
Compared to single orbits, the composite has camgleatial coverage despite clouds, and reduced
impact from atmospheric and angular effects. LST™esived from channel 4 and 5 brightness
temperatures and LAPS forecast total water vaposing the Sobrino and Raissouni (2000)
algorithm. This algorithm uses a simplified physio@odel of the atmospheric radiative transfer,
surface emissivity parameterized in terms of NDathid model coefficients based on Australian
field measurements. The NDVI and LST fields areraggted to the 0.05° grid of the other AWAP
fields. An LST file is supplied for each daytimebtrof NOAA-17 and NOAA-18, and includes the
UTC time each grid point was scanned because LSTahstrong diurnal variation. The CAPS
processing has been configured to closely matclptbeessing CSIRO used to produce historical
AVHRR NDVI and LST datasets for AWAP. At the timd writing, the CAPS atmospheric
correction and BRDF adjustment had been testeddiutmplemented in the NDVI generation.
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