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The Importance of Satellite Data (in the SH)

Observing System Experiments (OSEs)

With and Without Satellite Data

e Systems Examined
— ACCESS (APS1) — Operational data base (Australian Op. Sys)
— 28 October to 30 November 2011

— GFS (2010) - Operational data base (NCEP Op. Sys)
— 15 August to 30 September 2010

()

CSIRO
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Australian Community Climate and Earth System Simulator

(ACCESS) - G

The Characteristics of the ACCESS-G Forecast System

DOMAIN GLOBAL

UM Horizontal Resolution (lat x lon) 640 X 481(°0.5625Deg X 0.375Deq)
~47km.

Analysis Horizontal resolution (lat x lon) | 288 X 217 (1.250Deg X 0.833Deg)
~106km.

Vertical Resolution L70

Observational Data Used (6h window) AIRS, IASI, ATOVS, Scat, AMV,
SYNOP, SHIP, BUOY,AMDARS,
AIREPS, TEMP, PILOT, GPS-RO...

Sea Surface Temperature Analysis Daily, global 1° sst analysis

Sea Ice analysis Daily, global 1/12° sea ice analysis
Soil moisture Nudging SURF once every 6 hours

Model Time Step 12 minutes (96 time steps per day)
Analysis Time Step 30 minutes

Suite Definition SCSvn18.2

*

Australian Government ‘mm’

CSIRO

Table 1: N288L70 System Specification

Bureau of Meteorology



ACCESS FORECAST SKILL (AC) VERSUS TIME
SH 500hPa HGT 26 October - 31 November 2011

| These curves show
how forecast accuracy
degrades with time.

06 I I I I I |

0 24 48 72 96 120 144
HOURS

A high quality (AC=0.9) 24 hour (1 day) forecast without using satellite data
is of the same quality as a 96 hour (4 days) forecast using satellite data.

From Le Marshall et al. 2013 AMOJ.



Earth observations From Space
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Fig. 8(c). SH 500hPa height anomaly correlation for the Fig. 8(f). NH 500hPa height anomaly correlation for the
control (SAT) and no satellite (NOSAT), 28 October to 30 control (SAT) and no satellite (NOSAT), 28 October to 30
November 2011 using ACCESS and verifying against the November 2011 using ACCESS and verifying against the
control analysis control analysis

Australian Government ‘mm’
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Earth observations From Space
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Fig. 8(g). SH 500hPa height anomaly correlation for the Fig. 8(hNH 500hPa height anomaly correlation for the
control (SAT) and no satellite (NOSAT), 15 August to 30 control (SAT) and no satellite (NOSAT), 15 August to 30
September 2010 using GFS and verifying against the September 2010 using the GFS and verifying against the

control analysis

control analysis
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Earth observations From Space
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SH 500hPa height anomaly correlation for the SH 500hPa height anomaly correlation for the
control (SAT) and no satellite (NOSAT), 28 control (SAT) and no satellite (NOSAT), 15
October to 30 November 2011 using ACCESS- August to 30 September 2010 using GFS and

G and verifying against the control analysis verifying against the control analysis.




Extreme Weather
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135 140 145 (150 185

ACCESS-G 48 to 72 ACCESS-G 48 to 72 hour
hour rainfall forecast rainfall forecast for 9
for 9 November 2011 November 2011

using satellite data. using no satellite data.

Daily rain gauge
analysis for
9 November 2011.

Mo datg
=1 mm
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Daily rainfall values.




Extreme Weather
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135 140 145 (150 185

ACCESS-G 48 to 72 ACCESS-G 48 to 72 hour Daily rain gauge

hour rainfall forecast rainfall forecast for 9 analysis for
for 9 November 2011 November 2011 9 November 2011.
using satellite data. using no satellite data.
9 November 2011 NOSAT SAT No data
Correlation between observed 0.282 0.699 ps mm
and forecast rainfall (Aust. A
Region) i 50100
Hanssen and Kuipers (Aust. 0.360 0.596 56300 mm
Region) Daily rainfall values.




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

1 —-30 November 2011 ( 72-96 hrs) NOSAT | SAT

Correlation between observed and forecast 0.25 0.41
rainfall (Full Aust. Region)

Hanssen and Kuipers (Full Aust. Region) 0.36 | 0.51




Extreme Weather

Track Error [NM]

Atlantic Basin Hurricane Track
Mean Errors
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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.
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Atlantic basin tracks for hurricane Earl commencing OOUTC 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 00 UTC on 27 August, squares 00 UTC
on 28 August and diamonds 00 UTC on 29 August 2010.




Observing the Atmosphere
Satellite systems THE CHALLENGE
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Operational ECMWEF system September to December 2008.
Averaged over all model layers and entire global atmosphere. %
contribution of different observations to reduction in forecast error.

AMSU-A: Adv MYY Sounder A on Agus and NOAA POES (T) :
1AS): IR Atlmos Inmerfarometer on METOP (T,H)
AIRS: Atrmos IR Bounder on Agua (T,H) :

AIREF: Alrcran 7, H, and winds

GPSRO: RO bending angles from COSMIC, METOP

TEMP: Radiosonda T, H, and winds

CQuikSCAT: efc winde over ccaans

SYNOP: &fc P over land and oceans,H, end winds over cceans
AMSLU-B; Adv MW Sounder B on NOAA POES

GOES winds

METEOSAT winds

Ocean buoys (Sfc P, H and windes)

PILOT: Pllot balloons and wind profllers {winds)

HIRS: High-Reaol IR Sounder on MOAA POEE (T,H)

MSG: METEOSAT 2nd Generation IR rad (T,H)

MHS: MW humidity sounder on NOAA POES and METOP (H)
AMSRE: MW Imaper radlances (clouds and precip)

S8MI: Speclal Sensor MW Imager (H and sfc winds)

GMS: Japanese gaostailonary satellite winds

MODIS: Maderate Resolution Imaging Spectraradiometer (winds)
GDES IR rad (T,=)

MTSATIMG: Japanese gecstationary sal vis and IR Imagsry
METEOSAT IR Rad (T,H)

03: Ozone from salellliss

¥ 2 4 é 8 10 12 14 18 18
Forecast error contribution (%)

Advanced Sounders have largest single instrument impact in reducing forecast

€rrors.
Courtesy: Carla Cardinali and Sean Healy, ECMWEF 22 Oct. 2009



Y AIRS Data Assimilation
Using Cloudy Fields of View

Initial Experiments: 1 January — 24 February 2007
Assume :
Rj=(1_aj)Rclr+achld

Only variability in AIRS fov is cloud amount o,

9 AIRS fovs on each AMSU A footprint used to
estimate R,
(i

CSIRO
Bureau of Meteorology




Anomaly Correlation
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Fig.6(a). The RMS difference between
forecast and verifying analysis geopotential
height(m) at 24 hours for ACCESS-R (green)
and ACCESS-R with AMVs (red) for the
period 27 January to 23 February 2011.

Fig.6(b). The RMS difference between
forecast and verifying analysis geopotential
height(m) at 48 hours for ACCESS-R (green)
and ACCESS-R with AMVs (red) for the
period 27 January to 23 February 2011.

Australian Government
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(a) Impact of Removing Selected Satellite Data on
Hurricane Track Forecasts in the Atlantic Basin
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Fig. 10. Average track error (NM) by forecast hour for the control simulation and experiments where
AMSU, HIRS, GEO winds and QuikSCAT were denied. The Atlantic Basin results are shown in (a), and
the Eastern Pacific Basin results are shown in (b). A small sample size in the number of hurricanes
precludes presenting the 96 hour results in the Eastern Pacific Ocean. 23



Analysing Tropospheric Moisture by Assimilating
Hyperspectral Infrared Water Vapor Channels

control experiment

o ctl Global Moisture 500 mb RMS Fit to RAOBS str Global Moisture 500 mb RMS Fit to RAQOBS
034 00z01mar2010 — 00z31may201Q K 00z01mar2010 — 00z31may2010
x T T T T T 0.83 - - - -
0.78 : : : : : 0.77 : : : :
g:gg 184 ............... ................ ............... ............... g:;i 18 .............. .............. ............. ..............
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Figure 3: Specific humidity fits to rawinsondes humidity data during the time period
March to May 2010 for the analysis, 6(Ges)-, 12-, 24- , 36- and 48-hour forecasts.
Note the considerable improvement in the 6-hour and 12-hour forecasts.
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3000 occultations
a day

COSMIC

constellation
b receivers

24 transmitters



TIONAL IRJAL
SYSTEM ACCESS-G

March 2009

m Refractivity Data from
e the COSMIC Constellation
e GRACE and METOP

m Operational Global
Forecast Model (ACCESS-G N144|

L.50) and Operational Data Base




ate and Earth System Simulator
ESS) -G

ACCESS-G Forecast System

GLOBAL

217x288 (~ 125km x 83 km)
n) 163x216 (~166km x 111km)
ertical Resolution L50

Observational Data Used (6h window) AIRS, ATOVS, Scat, AMV, SYNOP,
SHIP, BUOY,AMDARS, AIREPS,
TEMP, PILOT, GPS-RO...

Sea Surface Temperature Analysis Weekly, global 1° sst analysis

Sea Ice analysis Daily, global 1/12° sea ice analysis
Soil moisture Nudging SURF once every 6 hours

Model Time Step 15 minutes (96 time steps per day)
Analysis Time Step 40 minutes

Suite Definition SCS vn18.2

Table 1: N144L.50 System Specification
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GPS radio occultation sounding positions for 15 March 20009.
(Image courtesy of UCAR.)
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A plot of the mean temperature difference (red) between COSMIC and radiosonde
observations for the period, 5 March to 20 March 2009. The number of samples
(blue) is also shown. (Data courtesy of UCAR.)
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Figure 8(a). RMS Errors and
anomaly correlations for ACCESS-
G MSLP forecasts to five days, for
the Australian region. Control
(black), and with GPS RO data
(red) for the period 26 February to
26 March, 2009.

Figure 8(b). RMS errors and
anomaly correlations for ACCESS-
G 500hPa forecasts to five days, for
the Australian region. Control
(black) and with GPS RO data
(red) for the period 26 February to
26 March, 2009.

Figure 8(c). RMS errors and
anomaly correlations for ACCESS-
G 200hPa forecasts to five days, for
the Australian region. Control
(black) and with GPS RO data (red)
for the period 26 February to 26
March, 2009.
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RMS errors and anomaly correlations for ACCESS-G MSLP forecasts to five days,
for the Australian region (left) and the southern hemisphere annulus: 60°S-20°S,
0°E-360°E (right). Shown are results for Control (black), and with GPS RO data

(red).
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RMS errors and anomaly correlations for ACCESS-G 500hPa geopotential height
forecasts to five days, for the Australian region (left) and a similar plot for 200hPa
geopotential height forecasts (right). Shown are results for Control (black), and with
GPS RO data (red).



TIONAL 4IRJAL

NAL SYSTEM ACCESS-G
ovember 2010

m Refractivity Data from
e the COSMIC Constellation
e GRACE and METOP

m New Operational Global
Forecast Model (ACCESS-G N144|

L.50) and Operational Data Base
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GPS radio occultation sounding positions for 13 October 2010.
(Image courtesy of UCAR.)
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Figure 5(a). RMS Errors and
anomaly correlations for ACCESS-
G MSLP forecasts to five days, for
the Australian region. Control
(black), and with GPS RO data
(red) for the period 13 October to
12 November 2010.

Figure 5(b). RMS errors and
anomaly correlations for ACCESS-
G 500hPa forecasts to five days, for
the Australian region. Control
(black) and with GPS RO data
(red) for the period 13 October to
12 November 2010.

Figure 5(c). RMS errors and
anomaly correlations for ACCESS-
G 200hPa forecasts to five days, for
the Australian region. Control
(black) and with GPS RO data (red)
for the period 13 October to 12
November 2010




ONAL IRIAL

NAL SYSTEM ACCESS-G
November 2010

m Bending Angle data from
e the COSMIC Constellation
e GRACE and METOP

m New Operational Global

Forecast Model (ACCESS-G N144|
L.50) and Operational Data Base
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Figure 10(a). RMS Errors and anomaly
correlations for ACCESS-G MSLP
forecasts to five days, for the Australian
region. Shown are results for Control
(black), and with GPS RO data (red) for
the period 1 November to 30 November
2010.

Figure 10(b). RMS errors and anomaly
correlations for ACCESS-G 500hPa
forecasts to five days, for the Australian
region. Shown are results for Control
(black) and with GPS RO data (red) for
the period 1 November to 30 November
2010.

Figure 10(c). RMS errors and anomaly
correlations for ACCESS-G 200hPa
forecasts to five days, for the Australian
region. Shown are results for Control
(black) and with GPS RO data (red) for the
period 1 November to 30 November 2010.
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to five days, for Southern Hemisphere. forecasts to five days, for Southern temperature forecasts to five days, for the
Control (black), and with GPS RO data Hemisphere. Control (black) and with Australian region. Control (black) and
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Australian Community Climate and Earth System Simulator

(ACCESS) - G

The Characteristics of the ACCESS-G Forecast System

DOMAIN GLOBAL

UM Horizontal Resolution (lat x lon) 640 X 481(°0.5625Deg X 0.375Deq)
~47km.

Analysis Horizontal resolution (lat x lon) | 288 X 217 (1.250Deg X 0.833Deg)
~106km.

Vertical Resolution L70

Observational Data Used (6h window) AIRS, IASI, ATOVS, Scat, AMV,
SYNOP, SHIP, BUOY,AMDARS,
AIREPS, TEMP, PILOT, GPS-RO...

Sea Surface Temperature Analysis Daily, global 1° sst analysis

Sea Ice analysis Daily, global 1/12° sea ice analysis
Soil moisture Nudging SURF once every 6 hours

Model Time Step 12 minutes (96 time steps per day)
Analysis Time Step 30 minutes

Suite Definition SCSvn18.2

*

Australian Government ‘mm’

CSIRO

Table 1: N288L70 System SpecificationAP1

Bureau of Meteorology



GPSRO IMPACT BY HEIGHT

GPSRO impact for south hemisphera
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FUTURE

OPERATIONAL SYSTEMACCESS- G
(N512, L70)

ational Data Base*

Significant Improvement in Operational Trials
m Bending Angle data from the COSMIC Constellation
GRACE, METOP,
m New Operational Global
Forecast System Uses Updated
Operational Data Base (CrIS,
ATMS, 10 Min DMVs....)




base ( 10 minute
AMVs etc.)

Impact of RO in new
system now

being determined.
(June 2014)

Forecast Lead time

STEM ACCESS-

Forecast Lead time
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Forecast Lead time
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Figure 3: Specific humidity fits to rawinsondes humidity data during the time period
March to May 2010 for the analysis, 6(Ges)-, 12-, 24- , 36- and 48-hour forecasts.
Note the considerable improvement in the 6-hour and 12-hour forecasts.
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Australasian region with GPS,
Galileo, Glonass and QZS-1
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Figure 2(a). Mean Annual
Atmospheric Temperatures
(°C) 2007 to 2012 in the
Australian region measured
by radiosondes.

Figure 2(b). Mean Annual
Atmospheric Temperatures
(°C) 2007 to 2012 in the
Australian region measured by

radio occultation at a
radiosonde sites.

Figure 2(c). Mean Annual
Atmospheric Temperatures (°C)
2007 to 2012 in the Australian
region measured by area
weighting all radio occultation
observations in the Australian

region.
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Figure 3(a). Mean Annual
Atmospheric Temperatures (°C) 2007
to 2012 over the Southern
Hemisphere measured by
radiosondes.

Figure 3(b). Mean Annual

Atmospheric Temperatures (°C) 2007

to 2012 over the Southern

Hemisphere measured by radio
occultation at a radiosonde sites.

Figure 3(c). Mean Annual Atmospheric
Temperatures (°C) 2007 to 2012 over
the Southern Hemisphere measured by
area weighting all radio occultation
observations over the Southern
Hemisphere.
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Figure 4(a).Annual average mean and R.M.S.
temperature differences in the Australian
region between co-located and
contemporaneous radiosonde and radio
occultation observations. (2006 is an
incomplete year-see text)

Figure 4(b) Annual average mean and R.M.S.
temperature differences over the Southern
Hemisphere between co-located and
contemporaneous radiosonde and radio
occultation observations. (2006 is an
incomplete year-see text)




sions

t RO data in the Australian
1sphere have been recorded using

ETOP data have been
to the current ACCESS system
d in the BoMs new operational

forecast system

® The data are important for climate quality analyses
helping particularly with calibration and sounding.

® The data are important for climate monitoring

* COSMIC - 2 will be an important data source for Australia
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