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The considerable impact of earth observations
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Experiments were conducted to quantify the impact of satellite data (Earth Observations from Space—EOS) on the determination of current and future atmospheric state. These experiments have examined two different time periods using two
different operational forecast models. The results show that, in the southern hemisphere, the accuracy of a no-satellite data 24-hour (one day) forecast is of the same
accuracy, on average, as a 96 hour (four day) with-satellite data forecast when
forecasts were verified against the control (all data used) analysis. Satellite data
increases the forecast duration by a factor of four for the same accuracy forecast.
In the northern hemisphere, the addition of satellite data results in the forecast duration increasing typically by a factor of around 1.6. This gain in forecast skill has
resulted in significant societal benefits from improved forecasts, improved warnings and more apropriate time being available to prepare for extreme weather.

Determining the impact

where forecasts are verified against the control (all data used)
analysis, increasing the forecast duration by a factor of four
for the same accuracy forecast. For the ACCESS study, Fig.
1(c) shows for the northern hemisphere the accuracy of a
no-satellite data forecast at 24 hours is equivalent on average
to a control (with-satellite data) forecast at 39 hours—an
improvement in forecast duration (for the same accuracy) of
around 60 per cent when forecasts are verified against the
control (all data used) analyses.
In the second OSE using the NCEP GFS the same verification
metrics for another period, 15 August to 30 September 2010,
are shown in Figs 1(b) and 1(d). The impacts measured are
quite similar to those cited above for the ACCESS model, both
indicating a similar extension of forecast duration for the withsatellite data prognosis to reach the accuracy of a 24-hour nosatellite data forecast. In the case of the southern hemisphere
the forecast extension is around 300 per cent before the
accuracy declines to that found in the no-satellite data case at
24 hours. In the northern hemisphere, the forecast extension
for the same accuracy is again around 60 per cent to achieve
the accuracy found in the no-satellite data case at 24 hours.
It should also be noted that for the ACCESS case, the
gain in anomaly correlation in the southern hemisphere at
a particular forecast duration (the difference between the
SAT and NOSAT curves at that time), with the addition of
satellite data, for forecasts of duration between 24 and 144
hours is about six to ten times of that found in the northern
hemisphere with the addition of satellite data. Results for the
NCEP GFS system are consistent with these results.

One Observing System Experiment (OSE) was conducted
between 28 October and 30 November 2011 to gauge the
impact of satellite data on operational numerical weather
prediction (NWP). The OSE used the Australian Bureau of
Meteorology’s operational global ACCESS-G system (Puri at
al. 2013) Version APS1, with a horizontal resolution of 47 km
and 70 levels in the vertical. The second OSE was conducted
between 15 August and 30 September 2010 and used the
National Centers for Environmental Prediction (NCEP)
Global Forecast System (GFS) with a resolution of better
than 30 km in the horizontal and 64 levels in the vertical
(www.emc.ncep.noaa.gov/GFS/doc.php).
The results are summarised in Fig. 1, which shows the 500
hPa geopotential height anomaly correlation die off curves
for the ACCESS and GFS operational forecast systems.
The 500 hPa geopotential height anomaly correlation is
often taken as a robust measure of large scale forecast skill.
Figure 1 shows curves which represent the satellite (blue)
and no satellite data (red) cases. Each set of forecasts have
been verified against the satellite data analyses (or control) as
these analyses have been run using the complete operational
database. For the ACCESS study, Fig. 1(a) shows, for the
southern hemisphere case, the accuracy of a no-satellite
data 24-hour (one day) forecast is of the same accuracy on
average as a 96-hour (four day) with-satellite data forecast
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Fig. 1(a) Southern hemisphere 500 hPa height anomaly correlation for the control (SAT) and no satellite (NOSAT),
28 October to 30 November 2011 using ACCESS-G
and verifying against the control analysis.

Fig. 1(b) Southern hemisphere 500 hPa height anomaly correlation for the control (SAT) and no satellite (NOSAT),
15 August to 30 September 2010 using GFS and verifying against the control analysis.

Fig. 1(c) Northern hemisphere 500 hPa height anomaly correlation for the control (SAT) and no satellite (NOSAT),
28 October to 30 November 2011 using ACCESS-G
and verifying against the control analysis.

Fig. 1(d) Northern hemisphere 500 hPa height anomaly correlation for the control (SAT) and no satellite (NOSAT),
15 August to 30 September 2010 using GFS and verifying against the control analysis.

Extreme weather

considerably reduced rainfall event for the no-satellite data
case. In this case satellite data have clearly provided more
information, several days ahead of time, to allow for example
more effective warning and preparation by emergency
services managers for this heavy rainfall event.
The 72–96 hour (four day) rainfall forecast verification
statistics for the operational ACCESS-G model for all of
Australia for the full month, 1–30 November 2011 for forecasts
produced with and without satellite data are shown in
Table 1. It is clear from this table that satellite data (i.e. EOS)
have greatly improved the accuracy of rainfall prediction and
as such are already playing a significant role in providing
effective warning to the community, particularly in relation to
emergency management preparation for potential heavy rain
events. Note the rainfall forecast verification statistics reported
here are based on rainfall observations which are completely
independent of the numerical forecast system. The forecast
verifications shown in Fig. 1 for example are not independent
of the forecast system as they use analyses generated from
observations by the numerical forecast system.
Another important benefit from the use of EOS is great
improvement in tropical cyclone detection and track

These improvements in NWP capability shown by large-scale
average verification statistics are also reflected in forecasting
of individual extreme weather events. An example of this is
seen in the 48 to 72 hour ACCESS-G rainfall forecast for 9
November 2011. On this day, over the full Australian region,
using the operational RAINVAL rainfall verification scheme
(Ebert and McBride 2000), the correlation between observed
and forecast rainfall for a 48 to 72 hour forecast was 0.699
and 0.282 for the with-satellite data and no-satellite data
forecast cases respectively. This represents a remarkable
gain in skill for the with-satellite data case. The associated
Hanssen and Kuipers Scores (Hanssen and Kuipers 1965,
McBride and Ebert 2000), a common operational measure
of skill in precipitation forecasting, which ranges from -1 to
+1, were calculated. They were 0.596 and 0.360 respectively,
again a clear improvement for the with-satellite data case.
The difference in 72 hour rainfall forecasts for the very
heavy rainfall event over southeastern Australia on that day
is shown in Fig. 2. Figures 2(a) and 2(c) show the extensive
heavy rain predicted with the use of satellite data and the
observed rainfall respectively, while Fig. 2(b) shows a
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Fig. 2.
(a)
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(a) ACCESS-G 48 to 72 hour rainfall forecast for 9 November 2011 using satellite data. (b) ACCESS-G 48 to 72 hour rainfall
forecast for 9 November 2011 using no satellite data. (c) Daily rain gauge analysis for 9 November 2011. (d) Legend for (a)
to (c).
(b)
(c)
(d)

forecasting. Without EOS many cyclones would spend
part of their lives undetected, untracked and unforecast.
In addition there are cases where cyclones are forecast to
move in entirely the wrong direction without components
of the satellite database being included (e.g. Le Marshall
et al. 1995). The impact of the full removal of the satellite
data base on tropical cyclone track forecasting has been
documented for example in Zapotocny et al. (2007).
Significant increases in forecast track errors were a result
of the removal of satellite data from the database and these
would have resulted in poorer forecasts, poorer preparation
for example by emergency managers attempting to mitigate
impacts of tropical cyclones and poorer forecasts from those
estimating storm surge. Similar results have been found in
this study (Fig. 3) where removal of satellite data has resulted
in significant degradation of tropical cyclone (hurricane)
forecast skill with, for example, an average doubling of
36-hour forecast track error in the Atlantic basin. An
example of the impact of satellite data on the forecast track of
hurricane Earl is shown in Fig. 3(b), where the withholding
of satellite data has generated large errors in the forecast
track from 0000 UTC on 27 August 2010. It should be noted
that the Atlantic Ocean is a comparatively well-observed
ocean basin in relation to conventional data with aircraft and
shipping providing significant observations.

Table 1. ACCESS-G verification statistics for all of Australia for
the month of November 2011 for forecasts produced
with (SAT) and without (NOSAT) satellite data.

The future

Conclusion

The already great benefits of EOS to forecast accuracy will
continue to increase as space based observations expand
and improve and as we continue to address the challenges
of satellite data assimilation. These include, using more
effectively, the large number of diverse instruments
providing data to be assimilated, refining the radiative
transfer calculations associated with the use of many of the
instrument observations and the complexity of modern data
assimilation systems. To date, these challenges have required
both intra-national and international collaboration, to allow
the international NWP centres to successfully exploit the

The considerable benefits from using earth observations
from space in numerical weather prediction have been
described.
Improved observational capacity has been and will
continue to be further expanded, with the launch of
instruments such as those in the Constellation Observing
System for Meteorology, Ionosphere and Climate (COSMIC;
Anthes et al. 2008) and advanced infrared sounders (Chahine
et al. 2006). These third generation instruments will continue
to have significant impact on global NWP and high
impact weather forecasting. The benefits of this improved
observational capacity, enhanced by improving data

1–30 November 2011 ( 72–96 hrs)

NOSAT

SAT

Correlation between observed and
forecast rainfall (full Aust. region)

0.25

0.41

Hanssen and Kuipers (full Aust. region)

0.36

0.51

observations from the current space based systems, and
considerable societal benefit from the investment in these
systems. This collaboration has been aided by groups such
as The International TOVS Working Group, a working group
of the International Radiation Commission (Le Marshall
and Rochard 2003) and the International Winds Working
Group, a formal working group of the Coordination
Group for Meteorological Satellites, which have provided
advice, recommendations and software to the international
community. In future, effective collaboration and cooperation
amongst the international community will remain an
important component for the effective exploitation of EOS,
as, for example, operational NWP will require assimilation
of data from over 40 space based instruments into global
assimilation systems.
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assimilation methods such as 4D variational assimilation and
the availability of burgeoning computer power, have already
led to significantly improved forecast accuracy and, overall,
it would appear that the near future prospects of improved
specification of atmospheric state, i.e. improved analyses,
and the related improvement in forecast capability as well
as improved climate monitoring are very great. Generally it
points to the next decade being one of potentially significant
improvement in observational capacity and the potential
gaining of significant societal benefits from its exploitation.
Fig. 3(a) Atlantic basin mean hurricane track errors for the
control (all data) and no satellite data case, 15
August to 30 September 2010 using GFS and verifying against the control (all data) analysis.

Fig. 3(b) Atlantic basin tracks for hurricane Earl commencing
0000 UTC 27 August 2010. The control (all data) forecast is red and the no satellite data forecast case is
green. The blue line is the best track. Circles represent
0000 UTC on 27 August, squares 0000 UTC on 28 August and diamonds 0000 UTC on 29 August 2010.

Acknowledgments
Many thanks are due to Terry Adair for his help in preparing
this manuscript and Terry Skinner for his critical review of
the manuscript.

References
Anthes, R. and co-authors. 2008. The COSMIC/FORMOSAT-3 Mission:
Early Results. Bull. Am. Meterol. Soc., 89, 313–33.
Chahine, M.T., T.S. Pagano. H.H. Aumann, R. Atlas, C. Barnet, J. Blaidsdell, L. Chen, M. Divakarla, E.J. Fetzer, M. Goldberg, C. Gautier, S.
Granger, S. Hannon, F.W. Irion, R, Kakar, E. Kalnay, B.H. Lambrigtsen, S Y Lee, J. Le Marshall, W.W. McMillan, L. McMillin, E.T. Olsen,
H. Revercomb, P. Rosenkranz, W.L. Smith, S. Staelin, L.L. Strow,
J. Susskind, D. Tobin, W. Wolf and L. Zhou. 2006. AIRS Improving
Weather Forecasting and Providing New Data on Greenhouse Gases.
Bull. Am. Meterol. Soc., 87, 911–26.
Ebert, E.E. and J.L. McBride. 2000. Verification of precipitation in weather
systems: Determination of systematic errors. J. Hydrology, 239, 179–
202.
Hanssen, A.W. and W.J.A. Kuipers. 1965. On the relationship between
the frequency of rain and various meteorological parameters. Meded.
Verh., 81, 2–15..
Le Marshall, J.F. and G.A. Mills. 1995. Tropical cyclone Bobby: a notable
example of the impact of local TOVS data. Aust. Meteorol. Mag., 44,
293–7.
Le Marshall, J. F. and G. Rochard, 2003. Science and Co-operation: The
International TOVS Working Group. Proceedings of SPIE, 4895, 123–8.
McBride, J.L. and E.E. Ebert. 2000. Verification of quantitative precipitation forecasts from operational numerical weather prediction models
over Australia. Weath. Forecasting, 15, 103–21.
Puri, K., G. Dietachmayer, P. Steinle, M. Dix, L. Rikus, L. Logan, M. Naughton, C. Tingwell, Y Xiao, V. Barras, I. Bermous, R. Bowen, L. Deschamps, C. Franklin, J. Fraser, T. Glowacki, B. Harris, J. Lee, T. Le, G.
Roff, A. Sulaiman, H. Sims, X. Sun, Z. Sun, H. Zhu, M. Chattopadhyay
and C. Engel. 2013. Implementation of the initial ACCESS Numerical
Weather Prediction system. Aust. Met. Oceanogr. J.
Zapotocny, Tom H., James A. Jung, John F. Le Marshall and Russ E. Treadon. 2007. A Two-Season Impact Study of Satellite and In Situ Data
in the NCEP Global Data Assimilation System. Weath. Forecasting, 22,
887–909.

