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MAIZE PROJECTIONS PLUMMET

The US Department of Agriculture has reduced its forecasts for
maize {corn) preduction fellowing the worst drought in 50 years.
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The Status Quo of Modern Weather Operations in China
and Its Future

Duan Yihong, Jin Ronghua
(National Meteorological Center, China Meteorological Administration, Beijing 100081)
Abstract: The progress of modern weather operations in China is reviewed in this paper. The modern weather operation status quo

is summarized with respect to forecast technology and platform, forecasters team training and forecast operation system and so on.
Based on the development experience of modern weather operation, tracking international meteorological science and technology

development frontier, the paper outlooks the future development trend of modern weather operations.
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The Monitoring and Forecasting Operation of Severe
Convective Weather in China
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Abstract: The paper reviews the main progress of the severe convective weather operation in recent years, with the emphasis on the

technical support, which includes the application of new observation data, the development of numerical forecast model, the research
of the main technical methods and the construction of the special operation systems. The paper also analyses the existing problems

and challenges, shows the future development and puts forward the main task of the severe convection operation.
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The Research Progress of Quantitative Precipitation Forecast

Zong Zhiping, Dai Kan, Jiang Xing
(National Meteorological Center, China Meteorological Administration, Beijing 100081)

Abstract: Quantitative precipitation forecast (QPF) is one of the most important operations in weather forecast. A brief overview
is made for current domestic and foreign operational situation and techniques of ensemble probability forecast, short-term
forecasting and nowcasting, verification methods and error corrections. Preliminary conclusions have been made for some research
progress, the improvement of QPF accuracy comes from the development of numerical models and the improvement of correction
capability for the application of numerical model productions. Based on the numerical ensemble forecast, the probability QPF
(PQPF), as a more scientific weather forecast method, can provide us with uncertainty forecasting information. Moreover, the
improvement of real-time synoptic verification and error correction method of numerical model products provide strong support
for 'adding forecasters additional value'. Finally, based on this summary of progress, main problems and research fields of QPF
research have been introduced. (1) Further strengthening the capability of moisture data assimilation and simulation, using a new
model to describe the moisture exchange between land surface and boundary layer and cloud and precipitation physical Processes.
(2) Precipitation observation and forecast’s random characteristics have not been considered sufficiently yet, the numerical
forecast capability of different spatial and temporal scales and QPF correction methods should be made a close study of. (3) It
should be considered how to deliver forecast uncertain information to users due to misunderstanding the meaning of PQPF. (4)
The techniques of short-term and nowcasting QPF should be exchanged from radar extrapolation to mixed extrapolation combined
with numerical model forecast for improving convective precipitation forecast capability. (5) Based on the shortcoming of
traditional statistical methods, new verification methods for QPF should be introduced, but objective explaination and application
of the new method takes time to gather experiences.

Keywords: quantitative precipitation forecast (QPF), ensemble forecast, verification, operational forecast
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Operational Typhoon Forecasting and Its Key Technologies
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Abstract: Due to the improvement in weather observation methods, numerical weather models, data assimilation technique and
computation capability, in the past 20 years, numerical weather prediction (NWP) has greatly improved both in model performance
such as model accuracy and valid time with increasing model productions. The NWP has effectively boosted the development of
typhoon forecast in China. In the past 5 years (2007—2011), the mean typhoon track forecast errors in the National Meteorological
Center (CMA) are 114 km, 190 km and 287 km for 24 hour, 48 hour and 72 hour forecasts, respectively. Now the 24 hour track
forecast error is 100 km less than that 20 years ago. The capability of 48-hour/72-hour track forecast is respectively equivalent to
that of 24-hour/48-hour track forecast 20 years ago. Although there is great improvement in typhoon track forecast, the intensity
forecast still has no obvious improvement. Our core technology of numerical weather models still falls behind the international
advanced technology, and the forecast capability still cannot meet the needs for typhoon disaster prevention and reduction. In this
article, the main approach, key technology and shortage of typhoon forecast in the last 20 years especially after 21st century both
at home and abroad are reviewed. Also the prospect of typhoon forecast in the coming 5~10 years is discussed.

Keywords: typhoon, operational forecast, key technologies
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Transient Eddy Method and its Application on the
Forecast of Extreme Weather Events

Qian Weihong
(Department of Atmospheric and Oceanic Sciences, Peking University, Beijing 100871)

Abstract: On the actual weather map, the weather system consists of multi-scale waves and multi-scale eddies. Rossby proposed
the atmospheric long-wave theory which has a significant contribution to the weather forecast in the past decades. Global numerical
weather prediction spectral model decomposed atmospheric variables into multi-scale mathematical waves without the synoptic-scale
eddies. Physical decomposition of atmospheric variables can be used to differentiate the daily climatic waves from planetary-scale
transient waves and synoptic-scale transient eddies. Extreme weather events are directly related to the synoptic-scale transient eddies
so that extreme weather events can be forecasted by the method of transient eddies. The actual weather evolution is formed from their

overlap or interaction of daily climatic waves, the planetary-scale transient waves and synoptic-scale transient eddies.

Keywords: Weather forecast, atmospheric long wave, transient wave, transient eddy
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Fig. 1 A schematic illustration of a GPS RO event, shown
are ray paths (red), a vertical profile of perigee points
(purple), LEO orbit (black dashed) and the atmospherc
layer (shaded in cyan)

25, CRIIHAT T2 /> GPSHE 2 ZORMIN & -1,
Hoh 4o 5526 [H ) GPS/MET (GPS/Meteorology) , 7 [
fFICHAMP (Challenging Minisatellite Payload) , B[4
ZEMISAC-C (Satellite de Aplicaciones Cientifico) , f#[%
15 E A 7EIGRACE-A (Gravity Recovery and Climate
Experiment) , [ &75/5 [H 5 1F 11 KIFORMOSAT-3/
COSMIC (Constellation Observing System for
Meteorology, lonosphere and Climate) , Kk i#H[¥JMetop-A

(Meteorological Operational Satellite) , Fl7# & (1)
TerraSAR-X. IX48GPSHE & v il At I 1) 1A 7] ]
PRHEE WL, FIUHIGPS/MET #2525,
KRR LL3RAF100~ 1501 HE AL 1 1 BR 4k o B s 1)

F1 GPSEEITXR SR EME A ARLSEE
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Metop-A 2006-10-19 2007-09-30 4
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Serial of Applications of Satellite Observations

GPS RO Data Characteristics

Zou Xiaolei*?
(1 Department of Earth, Ocean and Atmospheric Sciences, Florida State University, USA

2 Center of Data Assimilation for Research and Application, Nanjing University of Information and Science &
Technology, Nanjing 210044)

GPS stands for Global Positioning System. It
came into use in 1980s and early 1990s. Initially, it
was designed for accurate positioning in US army. This
system is composed of 24 satellites circling on six orbits
at about 20200 km high above the earth. These satellites
continuously emit radio electromagnetic waves through
two L-band frequencies ( f;=1.57542 GHz and f,=1.22760
GHz). GPS provides a practical foundation for applying
radio occultation (RO) technique to the observation of the
Earth's atmosphere.

The radio signal emitted from GPS transmits linearly
in vacuum. However, when the signal passes through
the ionosphere and neutral atmosphere, its transmitting
path bends at varying degrees according to the electron
density distribution in the ionosphere and the influence
of atmospheric refractivity. As a result, the time when the
signal reaches a receiver onboard a low-earth-orbiting
(LEO) satellite is delayed. The total bending angle can be
derived from the precise positions and moving speeds of
both satellites emitting and receiving this signal. Because
of the relative movement of GPS transmitting satellite and
the receiving satellite at low earth orbit, the radio signal
penetrates through the whole atmospheric layer from the
earth surface to the top of the atmosphere. Therefore,

a vertical profile of the bending angle can be obtained
(Fig. 1). The GPS signals have long wavelength of about
20cm and could thus pass through aerosols, cloud and
precipitation in the atmosphere. A linear combination
of the signal delay at two wavelengths could eliminate
the impact of ionosphere on signal transmitting path.
The residual delay accounts for the delay caused by the
atmospheric refractivity in the neutral atmosphere.

Fig. 1 provides a schematic illustration of an RO
event. The GPS orbits at 20200 km height above the
earth, while the LEO satellite is 500~800 km above the
earth. Red line indicates the GPS radio signal path. The
signal path bends because of the impact from atmospheric
refractivity when passing through the atmosphere. The
GPS receiver placed on a Low Earth Orbit (LEO) satellite
will receive the signal. The nearest point to the earth
on the signal ray path is defined as the tangent point.
When all the tangent points are connected together (the
purple line showed in Fig. 1), it becomes the footprint
of a GPS RO observation. It is emphasized that an GPS
RO measurement is a measure of an integrated effect of
the atmospheric refractivity along the ray path of about
300~500 km long centered at the tangent point. The
position of tangent point on the same observation profile
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varies with height. From Fig. 1, it is seen that GPS RO is
a limb sounding technique.

So far, several GPS RO missions were successfully
implemented, including American GPS/MET (GPS/
Meteorology), German CHAMP (Challenging
Minisatellite Payload), Argentine SAC-C (Satellite de
Aplicaciones Cientifico), GRACE-A (Gravity Recovery
and Climate Experiment) cooperated by Germany and
US, FORMOSAT-3/COSMIC (Constellation Observing
System for Meteorology, lonosphere and Climate)
cooperated by Taiwan and US, European Metop-A
(Meteorological Operational Satellite), and German
TerraSAR-X. Tablel lists the launch times and mission
periods of these GPS RO missions. The early GPS/MET
RO experiment provided about 100~150 occultation
vertical profiles every day. Subsequent missions such as
CHAMP and SAC-C together provide 350 profiles daily.
Unlike other GPS RO programs, COSMIC employs six
LEO satellites, and provides about 3000 profiles globally,
which is 3~4 times more than any other GPS RO mission
with a single LEO satellite carrying a GPS receiver. At
present, COSMIC, MetOp-A and TerraSAR-X are LEOs,
each LEO being equipped with a single GPS receiver,
and are still healthily functioning. But the amount of
profiles provided daily has decreased to 1000~1500. The
COSMIC-2, planned to launch in 2012, was delayed for
various reasons. Program FORMOSAT-7/COSMIC-2
might launch six LEO satellites in 2016 and 2018,
respectively. If FORMOSAT-7/COSMIC-2 were launched
successfully, we could obtain 12000 RO profiles globally
every day (see http://www.cosmic.ucar.edu/cosmic2/index.
html).

The COSMIC Data Analysis and Archive Center
(CDAAQC) is responsible for the monitoring and storage
of GPS data, and provides download services for users.
The GPS occultation data products are classified as
Level-1 and Level-2. Level-1 products include LEO
satellite measurement data, tracking data from ground-
based station, navigation data, LEO precise ephemeris,
residual phase and SNR (Signal to Noise Ratio). Level-2
products include bending angle, refractive index, pressure,
retrieved temperature and water vapor, etc., which are
extensively used in both operational and research centers.
In terms of timeliness, the GPS occultation products also
include real-time products and post-processing products.
The real-time products are instant data obtained in 90
minutes after observing times and are used in operational
weather monitoring and forecasting. Post-processing data
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can be downloaded in 2~3 months and are more precise
and effective than real-time data. They are more useful
for meteorological research. Level-2 products mainly
include the retrieved variables such as bending angle,
refractive index, influence parameter, angle between
tangential direction of the radio signal and the due
north direction, dry air temperature, pressure, wet air
temperature and water vapor pressure. For convenience,
CDAAC interpolated NCEP GFS analysis data, ECMWF
TOGA and ERA-40 Interim reanalysis data to the average
position of each RO observation profiles.

The refractive index (N) observed by GPS RO
technique is a function of atmospheric temperature (T),
pressure (p), water vapor pressure (p,), cloud water
content (q,,.) and ice water content (q,.):

N=77.6L+3.73x10° Lx 41459, +0.69¢,
T T

iwe

The unit measurements of T, P, Pw, Qe iwc are K,
hPa, hPa, g-m™®, g-m™ respectively. Therefore, through the
GPS RO data assimilation technique, useful information
about T, p, Pw, Qe and d;,. in neutral atmosphere could
be obtained. Like the assimilation of any other data, an
effective GPS RO data assimilation is determined largely
by how are quality control, observation operator and
appropriate validation of assimilation method and result
done. It is essential to have a full knowledge of that data.
[1-9] provided several methods of both quality control and
GPS RO data assimilation.

There are several noticeable features of radio
occultation data: (1) the observing time of an entire
vertical profile of GPS RO is about 1 minute; (2) its
horizontal resolution is about 300 km, and the refractive
index at tangent point influence the bending angle of the
whole signal path most; (3) vertical resolution is about
1.5 km in the stratosphere, and increases to 0.2 km in
the low troposphere. Error sources of GPS RO data
include instrument errors, error propagation through
data processing process and errors introduced due to
approximation assumptions used in data retrieval from raw
measurements. The instrument errrors consist of random
errors and systematic errors. The later is associated with
the presence of multi-paths, satellite position and velocity
errors, and retrieval errors. A detailed description of GPS
RO data processing procedure and observation errors can
be found in [10].

Several basic features of GPS RO data are briefly
discussed below through Figs. 2-6. Fig. 2 provides a
global distribution of COSMIC GPS RO profiles (dotted)
and temperature retrieval (shaded) at 9-km height on 1
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January 2007. It is noticed that COSMIC RO data are
most densely distributed at middle and high latitudes.
Similar to radiosonde profiles, the latitudinal and
longitudinal position of a single GPS RO profile varies
with altitude. A vertically averaged position of each RO
is plotted in Fig. 2, 3 and 4 show three-dimensional (3D)
and 2D distributions of an arbitrarily chosen COSMIC
GPS RO profile. Tangent directions at the perigee point
of a radio propagation path of different sounding heights
are also provided in Fig. 4. It can be inferred that not only
the sounding positions of occultation sounding profile
but also the tangent directions vary with height. Every
RO sounding data reflects an integrated effect of the
atmospheric state along the ray path of about 300~500 km
long and 1.4 km wide centered at the perigee point. The
effects of the atmospheric conditions at different positions
of the ray are different. The atmosphere near the perigee
point contributes mostly to the total bending (see Fig. 5).
The further away from the earth, the less the atmosphere
contributes. The weights reflecting such a different effect
is schematically shown by the vertical coordinate and
colored shadows in Fig. 5. A more detailed theoretical
and numerical description was provided in Shao et al®. Fig. 6
illustrates how an observed bending angle, refractive
index, temperature and water vapor pressure varied with
altitude. Bending angle is quite sensitive to lower water
vapor (Fig. 1a). Influenced by atmospheric density,
the refractive index shows an exponential decrease as
altitude increases. Figure 6¢ and 6d are vertical profiles
of temperature and water vapor pressure retrieved from
bending angle profile using a one-dimensional variation
(1D-Var) data assimilation algorithm. Due to its very high
vertical resolution, the GPS occultation sounding data can
very precisely determine the height of tropopause.

As a limb-sounding method, GPS RO and satellite
nadir-looking data are quite complementary for both
numerical weather prediction and climate change research
applications. There are three exclusive advantages to
apply GPS RO sounding data in climate change research:
(1) Sl-traceability. The original data of GPS occultation
sounding is time, which is determined by a reference

clock calibrated to atomic clock based on international
standard unit. (2) GPS RO sounding data is not sensitive
to GPS receiver type; the observed climate signal is not
weakened by time; and systematic deviation caused by
the change of satellite platform does not exist. (3) The
contribution of humidity to refractive index in the upper
troposphere and stratosphere is negligible. Atmospheric
pressure and temperature profiles can be highly accurately
inverted from GPS RO refractivity data. Because of these
stated features, GPS RO data can be used as a baseline
data for climate change research, and can also be used
for calibrating satellite microwave temperature sounding
instruments. Through a 1D-Var retrieval, the well
calibrated satellite microwave temperature sounding data
can be assimilated to provide a homogenous temperature
climate data record of more than 30 years, precisely
illustrating the temperature climate change trend in the
troposphere and stratosphere.
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