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In this study we evaluate three techniques for estimating the rainfall rate using
infrared satellite data from the Japanese Geostationary Meteorological Satellite
(GMS). Hourly rainfall rates were estimated using the GOES precipitation index
technique, a simplified Griffith-Woodley technique, and the infrared power law
rain-rate technique, all of which relate the rainfall rate to the cloud-top temperature.
The intercomparison also included rainfall estimates from a gridded monthly rain-
fall climatology and the Australian Regional Assimilation Prognosis (RASP) model
forecasts. Validation data consisted of twenty-three months of daily surface rainfall-
analyses over Australia based on surface precipitation observations from the
meteorological synoptic station network.

The three infrared algorithms produced similar rainfall estimates and showed lim-
ited skill in diagnosing daily rainfall over Australia. Non-precipitating cirrus clouds
were frequently diagnosed as raining, while rain occurring in mid and low-level
stratus went undetected. Even so, the correlation coefficients with the surface rain-
fall analyses were much greater for the satellite estimates than for the RASP model
or ‘climatology’, indicating that the IR techniques were better able to detect the
spatial and temporal variable of rainfall. Tuning of the algorithms significantly
rediced the overall bias and root mean square errors.

Introduction

There is a recognised need for accurate estimates
of rainfall on a variety of temporal and spatial
scales. Real-time applications such as severe
weather and flash-flood warnings (e.g., Scofield
1985; Collier 1990) often require high spatial and
temporal resolution estimates of rainfall. Numeri-
cal weather prediction (NWP) model initialisa-
tion and verification (Puri and Davidson 1992) is
at present somewhat less demanding with regard
to resolution. Rainfall measurements on medium-
range and climatological time-scales are used to
monitor the climate and hydrological budgets
(e.g., Arkin and Ardunay 1989; Drosdowsky
1993).
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Over the oceans or data-sparse continents, the
lack of sufficient ground instrumentation (i.e.,
rain-gauges and calibrated radars) necessitates the
use of satellite data for rainfall estimation. While -
spaceborne sensors presently cannot observe the
actual precipitation reaching the earth’s surface,
they can measure other variables which may be
highly correlated with surface rainfall. For
example, one of the earliest satellite rainfall tech-
niques (Arkin 1979; Arkin and Meisner 1987)
made use of the strong correlation between the
frequency of cold tropical cloud-top temperatures
(high cloud-top altitudes) and rainfall rates ob-
served at the surface on a time-scale of one month
and at spatial scales of 2.5° latitude and longitude.
This principle led to the development of several
rainfall algorithms which employ infrared bright-
ness temperatures measured from geostationary



178

Australian Meteorological Magazine 44:3 September 1995

satellites (Griffith et al. 1979; Adler and Negri
1988; Goodman et al. 1993). Lovejoy and Austin
(1979) and Bellon and Austin (1986) found that
visible reflectances were useful when combined
with infrared brightness temperatures to identify
precipitating clouds. Multispectral algorithms
using visible, near-infrared, and infrared radi-
ances from the advanced very high resolution
radiometer (AVHRR) on the NOAA polar-orbit-
ing satellites have been used to detect rain over
Europe, Japan and Israel (Karlsson and Liljas
. 1990; Inoue 1987; Rosenfeld and Gutman 1994).
Passive microwave radiometry has been used to
detect rain over the ocean by virtue of the en-
hancement of low frequency (6-37 Ghz) micro-
wave emission from large rain drops (e.g., Petty
and Katsaros 1990; Prabhakara et al. 1992). Over
land and ocean the scattering of high frequency
(85 GHz) microwave radiation from ice crystals
has been used to estimate convective rainfall
(Spencer et al. 1989; Grody 1991). Future satel-
lites, such as the Tropical Rain Measuring
Mission (TRMM) (Simpson et al. 1988) will use
spaceborne radar to remotely sense rainfall.

Each of the above-mentioned strategies has its
~advantages and disadvantages. The AVHRR
schemes have an excellent spatial resolution of
about one kilometre, and the combination of
spectral radiances can provide information about
both the cloud temperature and microphysical
properties which relate to rainfall. The passive
microwave techniques have poorer spatial resol-
ution (tens of kilometres) but are more physically
based since they sense emission and/or scattering
from actual precipitation particles. Unfortu-
nately, these sensors are flown only on polar-
orbiting satellites which view a scene at most
twice each day. Thus, rainfall estimates from
regions with significant diurnal cycles in cloudi-
ness and rainfall can be erroneous, simply because
of the sampling limitations. Geostationary satel-
lite observations have the advantages of being
frequent in time (hourly or half-hourly) and
having an almost constant position relative to the
earth, making navigation simple. Algorithms
using geostationary data can be run in a timely
fashion and have the opportunity to capture the
diurnal cycle in rainfall. Some disadvantages are
the low spatial resolution (5-8 km) and spectral
resolution (2 or 3 channels), relative to the other
satellite instruments.

In this study we evaluate three techniques for
estimating the rain rate over Australia from infra-
red geostationary satellite data: the GOES pre-
cipitation index technique (GPI) (Arkin and
Meisner 1987), a simplified Griffith-Woodley
technique (called the Negri-Adler-Wetzel tech-
nique, or NAWT) (Negri et al. 1984), and the
infrared power law rain-rate technique (IPR)
(Goodman et al. 1993). All three techniques relate
the rainfall rate, RR (mm h~'), to the cloud-top

temperature, as approximated by the satellite-
measured brightness temperature, T. The algor-
ithms are empirical in nature, as the cloud-top
temperature is only indirectly related to rainfall.
Experience has shown that this type of algorithm
tends to perform best in the tropics where convec-
tion is the dominant regime (Arkin and Ardunay
1989). This analysis extends from mid-March
1992 through mid-February 1994 and covers the
land area of Australia from the tropics to the edge
of the Southern Ocean, thus encompassing several
climatic regimes. A comparison of satellite rain-
fall estimates with numerical model forecasts of
rainfall from the Australian Regional Assimi-
lation Prognosis (RASP) model (Mills and Sea-
man 1990) is completed on a subset of the data.

Data and processing

All processing was done on the Australian Bureau
of Meteorology’s Man-computer Interactive Data
Access System (McIDAS) (Le Marshall et al.
1987). In order to compare the various rainfall
estimates, all analyses were mapped onto the 150
km resolution Lambert conformal grid used by

~ both the surface rainfall analysis and the RASP

model.

Hourly full-disc Geostationary Meteorological
Satellite (GMS) infrared (10.5-12.5 um) imagery
was received as digital counts and converted to
brightness temperatures using the calibration
table provided by the Japan Meteorological
Agency’s Meteorological Satellite Centre (MSC
1989). The imagery has a spatial resolution of
approximately 5 km at the subsatellite point,
which corresponds to a spatial resolution of
roughly 6 km over most of Australia. To reduce
the data volume, the original GMS imagery was
remapped to Mercator projection at a spatial res-
olution of 8 km before running the rain-rate
schemes. This has a negligible effect on the pre-
dicted rainfall amounts. '

Real-time hourly GMS data were analysed,
then the 24 analyses for the day were summed to
obtain estimates of daily total rainfall. In the case
of missing hourly data, the rainfall was assumed to
be steady state and the previous hour’s analysis
was used. If more than three hours of GMS data
were missing or not available on a given day, that
day’s analysis was not used. Other days’ analyses
were occasionally missing because the computing
resources at the Bureau were overtaxed and the
scheme was not initiated on time. Overall, about a
quarter of the data were lost or not used. The daily
satellite rainfall amounts were averaged in 1° lati-
tude-longitude boxes and interpolated onto the
RASP grid.

Validation data consisted of daily surface rain-
fall analyses, interpolated and gridded from three-
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hourly surface synoptic observations of precipi-
tation from the meteorological network using an
optimal interpolation scheme (Mills and Logan
1994). The surface rainfall network is depicted in
Fig. 1. The coverage is reasonably good in the
populated southeastern portion of Australia, but
the surface network is quite sparse in the remain-
der of the country, with very few measurements
being made in the interior of the continent.

A climatology of monthly mean rainfall
amounts (W. Drosdowsky, personal communi-
cation) was also used in this study. These values
were derived from 82 years of surface measure-
ments from meteorological stations and the coop-
erative network. They were averaged on a spatial
scale of 1° latitude and longitude, and sub-
sequently remapped onto the RASP Lambert con-
formal grid. The precipitation field specified by
‘climatology’ was assumed to be constant for each
month. Again, some regions of the interior of Aus-
tralia are data sparse.

Fig. 1 Regional coverage of the GMS and surface rain-
fall data used in this study. The dots show the
network of surface rainfall observations.
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Rainfall estimation techniques

GOES precipitation index (GPI)

Using data from the Global Atmospheric
Research Programme (GARP) Atlantic Tropical
Experiment (GATE), Arkin (1979) found that
over large areas in the tropics (~250 km?) the
monthly rainfall accumulation at the surface was
highly correlated with the frequency of pixels in
Geostationary Operational Environmental Satel-
lite (GOES) infrared imagery with brightness tem-
peratures colder than about 235 K. This formed
the basis for the GOES precipitation index tech-

nique (Arkin and Meisner 1987). Although the
GPI is intended for use for large space and time-
scales, it can also be used as a simple infrared
threshold algorithm (e.g. Puri and Davidson
1992). For each GMS pixel, the rain rate, RR, is
estimated as

_f3mmh!
RR_{O mm h™!

T,<235 K
T,>235K

where T, is the brightness temperature.

Negri-Adler-Wetzel technique (NAWT)

This technique is a simplification of the Griffith-
Woodley technique (Griffith et al. 1979) proposed
by Negri et al. (1984). The NAWT technique
identifies individual cloud entities according to a
threshold brightness temperature, T}, a convec-
tion/thin cirrus discrimination function, and a
minimum size criterion. For convective clouds it
apportions half of the rain volume to the coldest
10 per cent of the cloud area, and the remaining
half of the rain volume to the next coldest 40 per
cent of the cloud area. The warmest 50 per cent of
the cloud pixels are assumed to be non-raining.
The strength of this technique is that it can pro-
duce some rain in small or warm clouds, while a
region with the same temperature in other clouds
may not be diagnosed as raining. This is in con-
trast to the GPI, which uses one fixed threshold
and rain rate.

The convection/thin cirrus discrimination con-
sists of a minimum area test followed by a gradi-
ent test. A cloud with area, 4, less than a minimum
value, A,,,, is assumed to be non-precipitating
cirrus. For each cloud entity passing the mini-
mum area test a histogram of brightness tempera- -
tures is created and the brightness temperatures
delineating the coldest 10 per cent and 50 per cent
levels (7., and Tsy, respectively) are deter-
mined. Negri (personal communication) found
that a size-dependent critical temperature differ-
ence, AT,

AT.=1.651log A—1.53 L2

(which effectively specifies a minimum hori-
zontal temperature gradient) could be used to
discriminate between convective cloud tops
(T)po,—Tspr,=AT,) and non-raining cirrus
T gn, — Tspo, <<AT,). In the above expression, 4 is
in units of km? and AT, in units of K.

For convective clouds the coldest 10 per cent of
the cloud pixels are assigned a heavy rain rate,
while the next coldest 40 per cent of the cloud
pixels are assigned a light rain rate according to:

8§ mm 1'1_l TB< T[O%
RR= 2mm h_l T10%<TB<T50% 3
0 TB> T5o%

The minimum temperature criterion is chosen to
be Typ=253 K, and the minimum area criterion






