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ABSTRACT

AMSU-A (Advanced Microwave Sounding Unit-A) measurements for channels that are sensitive to the
surface over land have not been widely assimilated into numerical weather prediction (NWP) models due to
complicated land surface features. In this paper, the impact of AMSU-A assimilation over land in Southwest
Asia is investigated with the Weather Research and Forecasting (WRF) model. Four radiance assimilation
experiments with different land-surface schemes are designed, then compared and verified against radiosonde
observations and global analyses. Besides the surface emissivity calculated from the emissivity model and
surface temperature from the background field in current WRF variational data assimilation (WRF-VAR)
system, the surface parameters from the operational Microwave Surface and Precipitation Products System
(MSPPS) are introduced to understand the influence of surface parameters on AMSU-A assimilation over
land.

The sensitivity of simulated brightness temperatures to different surface configurations shows that us-
ing MSPPS surface alternatives significantly improves the simulation with reduced root mean square error
(RMSE) and allows more observations to be assimilated. Verifications of 24-h temperature forecasts from
experiments against radiosonde observations and National Centers for Environmental Prediction (NCEP)
global analyses show that the experiments using MSPPS surface alternatives generate positive impact on
forecast temperatures at lower atmospheric layers, especially at 850 hPa. The spatial distribution of RMSE
for forecast temperature validation indicates that the experiments using MSPPS surface temperature ob-
viously improve forecast temperatures in the mountain areas. The preliminary study indicates that using
proper surface temperature is important when assimilating lower sounding channels of AMSU-A over land.
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1. Introduction

The Advance Microwave Sounding Unit-A

(AMSU-A) is a cross-track scanning radiometer to

measure radiances for 15 channels, of which 12 sound-

ing channels are within the 50–60-GHz oxygen absorp-

tion band, and 3 window channels are at 23.8, 31.4,

and 89 GHz, respectively. The AMSU-A sounding

channels are used for monitoring atmospheric tem-

perature profile and window channels are mainly used

for extracting information on surface temperature and

emissivity as well as clouds. With high precision and

stability, AMSU-A can provide enhanced information

for tropospheric temperature profiles, which is crucial

to numerical weather prediction (NWP) systems. One

year after AMSU-A launch, the raw AMSU radiance

data were assimilated into the ECMWF system and

resulted in some useful improvements for analyses and

forecasts (McNally et al., 2000). Baker et al. (2005)

directly assimilated AMSU-A radiance into the US

Navy’s operational system and demonstrated the im-

provement in the model forecast and tropical cyclone

track research. To date, AMSU-A measurements have

been widely assimilated in numerical forecast models
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to obtain more accurate estimates of the initial values

for the model state variables (Zhao and Wang, 2008).

However, AMSU-A assimilation has been more con-

cerned with sounding channels that are not sensitive

to the surface, and lower sounding channels have been

assimilated over sea only, e.g., channels 4 and 5 are

sensitive to lower atmospheric layers and to a lesser ex-

tent with surface features. That is because the surface

parameters, such as surface temperature and emissiv-

ity, are highly variable due to complicated land sur-

face features, which lead to difficulties in assimilating

AMSU-A window channels and lower sounding chan-

nel observations over land than over sea.

To use AMSU-A observations over land, it re-

quires accurate surface temperature and emissivity.

The surface temperatures with high accuracy can be

retrieved from satellite measurements, such as the

MODIS (Moderate Resolution Imaging Spectroradio-

meter) land skin temperature product with 0.5-K error

(Wan et al., 2002), but it is a challenge to use satellite-

retrieved surface temperatures in the NWP model due

to different spatial resolutions of satellite instruments.

Currently, surface temperature can be forecasted from

the NWP model and is usually used as an input for

radiance assimilation, though more uncertainties exist

for the complex surface features over land.

Surface microwave emissivity is a key factor for

AMSU-A assimilation over land. Many methods have

been developed to calculate surface emissivity over

land. The direct ground-based microwave emissiv-

ity measurements have been carried out over different

types of land cover (Matzler, 1990, 1994; Wigneron

et al., 1997). Due to the spatial and temporal limits

of field measurements, satellite observations have been

widely used to retrieve land surface microwave emissiv-

ity recently (Jones and Vonder Haar, 1997; Ruston and

Vonder Haar, 2004; Prigent et al., 1997, 1998; Karbou

et al., 2005a, b; He and Chen, 2009). In a differ-

ent way, Weng et al. (2001) developed a land surface

emissivity model for various surface conditions. The

emissivity model needs more surface parameters, such

as vegetation fraction and land surface temperature,

to compute surface emissivity. To use land surface

emissivity in the NWP model, Prigent et al. (2005)

directly calculated AMSU-A surface emissivity in the

ECMWF system by combining satellite observations

and ECMWF background information. Karbou et al.

(2006) established three datasets consisting of surface

temperature and emissivity retrieved from the satel-

lite measurements for AMSU-A assimilations over land

in the Météo-France assimilation system, and evalu-

ated the impact of these assimilations on both analy-

sis and forecast (Karbou et al., 2010a, b). The only

land surface emissivity model (Weng et al., 2001) has

been integrated into the Community Radiative Trans-

fer Model (CRTM) developed at the US Joint Center

for Satellite Data Assimilation (JCSDA) so that direct

assimilations of AMSU-A channels that are sensitive

to surface are available.

Until now the study of AMSU-A assimilation over

land is rather limited due to the complicated surface

characteristics of the globe, so we plan to investigate

the impact of AMSU-A assimilation over land in a lo-

cal region. In this paper, the Weather Research and

Forecasting (WRF) model provides the regional fore-

cast background, combining with the WRF 3D-VAR

assimilation system (Barker et al., 2004) to investigate

the impact of the AMSU-A assimilation over land on

short-range forecasts in Southwest Asia (SA). Com-

plex topography in SA is dominated with large areas of

desert or barren soil and surrounded sea. Many model

studies have been implemented in this region and have

found that it is difficult to obtain accurate forecast due

to its complex topography. Xu et al. (2009) evaluated

the WRF model in this region and found that larger

model forecast errors occurred in higher mountain ar-

eas.

Currently, the CRTM has been applied in the

WRF-VAR system (Liu and Barker, 2006; Liu et al.,

2009). Considering the complex land surface features

in SA and the deficiencies of the land surface emis-

sivity model (Weng, 2007), we introduced the surface

parameters derived from the operational Microwave

Surface and Precipitation Products System (MSPPS).

Gu et al. (2006) used the surface emissivity derived

from MSPPS to adjust the surface parameters as input

of Weng’s emissivity model, and showed the improve-

ments on calculated emissivity. Since both surface
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emissivity and land surface temperature (LST) are im-

portant for AMSU-A assimilation over land, we plan to

integrate the surface emissivity and LST derived from

the MSPPS into WRF-VAR system, and to investigate

the impact of AMSU-A assimilation over land with dif-

ferent surface configurations on forecasts.

The paper is organized as follows. Section 2 intro-

duces model environments and data. The processing

of AMSU-A radiance assimilation in the WRF-VAR

system is described in Section 3. The design of ex-

periments is shown in Section 4. Section 5 presents

the results of different experiments and verifications

against observation and forecasts. Finally, a summary

and discussion are given in Section 6.

2. Model and data

The WRF model uses a 45-km grid spacing for

the Southwest Asian domain (0–50◦N, 0–110◦E). The

model top is 10 hPa with 57 vertical levels. To assess

the impact of radiance assimilation on forecasts, 24-h

forecasts are made at 0000, 0600, 1200, and 1800 UTC

23–31 August 2007.

AMSU-A radiance measurements from NOAA-

15, NOAA-18, and METOP-2 are directly assimilated

into the WRF-VAR system. The 6-h forecast atmo-

spheric states (i.e., temperature and humidity profiles)

from the WRF model as the background field provide

the input to the CRTM. Surface emissivity is directly

calculated from the land microwave emissivity model

in CRTM. The inputs for the emissivity model, such

as vegetation fraction and land surface temperature,

come from the background field.

The operational MSPPS developed by

NOAA/NESDIS provides near real-time surface prod-

ucts for AMSU-A. Detailed information is seen at

http://www.star.nesdis.noaa.gov/corp/scsb/mspps/.

AMSU-A land surface temperature and emissivity at

23.8, 31.4, and 50.3 GHz are derived from their bright-

ness temperature in the MSPPS algorithm (details re-

fer to the MSPPS Users’ Manual). To obtain more ac-

curate surface temperature, the screening procedures

are applied to remove precipitation, snow-cover, and

wetness area. The retrieved land surface emissivity is

difficult to validate due to the lack of direct emissivity

measurements while the retrieved land surface temper-

ature is validated with the sheltered air temperature

observations (at 2-m height) from surface weather sta-

tions. Both temperatures are consistent with a high

coefficient of 0.96. Although surface temperature is

not strictly the same as air temperature at 2-m height,

their high consistency indicates the reliability of the

MSPPS land surface temperature.

To directly use the MSPPS surface temperature

and emissivity in WRF-VAR system, their retrieval

algorithms are added into the program of WRF-VAR.

The screening procedures for MSPPS surface temper-

ature are also added into the quality control (QC) part

of WRF-VAR system in this study. The QC issues are

introduced in the next section.

3. AMSU-A radiance assimilation in WRF-

VAR

A brief introduction of AMSU-A radiance assim-

ilation in WRF-VAR system is given here.

3.1 Channel selection

Similar to previous studies, channels (1–4, 15)

that are sensitive to land surface are not used, and

sounding channels 10–14 above model top are not

used either. Thus, sounding channels 5–9 that are

sensitive to tropospheric and lower stratospheric tem-

perature are assimilated in the current WRF-VAR

system.

3.2 Bias correction

The systematic differences between observed and

simulated radiances arise mainly from the deficiency

in radiative transfer model, instrument problems or

biases in the model fields. Those biases can be sig-

nificant and must be removed before assimilation. In

this study, the bias parameters are estimated within

the variational assimilation, and join with the atmo-

spheric model state, which is called variational bias

correction (VarBC) (Dee, 2005; Auligne et al., 2007).

Bias correction coefficients estimated from current as-

similation cycle will be used as the background for the

next assimilation cycle.
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3.3 Quality control

There are specific quality controls for different

sensors in WRF-VAR system. Here, AMSU-A mea-

surements over sea are removed since we are concerned

about AMSU-A assimilation over land. For 30 scan

positions of AMSU-A, the radiances at the scan posi-

tions 1–3 and 28–30 are not used due to the limb effect

of observations. In addition, the screen procedures for

precipitation, snow-cover and wet area referred to the

MSPPS algorithms are used in quality control. The

final quality control eliminates those innovations (ob-

served minus background after bias correction) which

are greater than 15 K or exceed three times the given

observation error standard deviation.

4. Experimental design

Previous studies (Karbou et al., 2006) show that

the various surface setting should not be ignored, even

for the sounding channels of AMSU-A. Since AMSU-

A channels 4 and 5 are sensitive to the lower atmo-

sphere and to a lesser extent with surface features, we

focus on the surface alternatives for channels 4 and

5 here.

To use alternatives, the surface temperature and

land surface emissivity are firstly derived from the

MSPPS retrieval algorithm, and then replace the cor-

responding surface temperature derived from the back-

ground field and emissivity calculated from CRTM.

In MSPPS algorithms, the surface temperature and

emissivity of AMSU-A channels 1–3 are calculated us-

ing their brightness temperatures, so the three win-

dow channels are not assimilated. The MSPPS sur-

face temperatures are used for the remaining sounding

channels. The emissivity of AMSU-A channel 5 is de-

rived from the MSPPS surface emissivities of channels

1–3 using frequency extrapolation due to the smooth

variation of emissivity with frequency (Farbou et al.,

2005a). No emissivity modification is made for sound-

ing channels 6–9 because of the negligible influence of

surface emissivity.

Therefore, five assimilation experiments are de-

signed as listed in Table 1. The first one, called

GTS hereafter, only assimilates the conventional ob-

servations from the Global Telecommunication Sys-

tem (GTS) in the WRF-VAR system to differ from

the others with AMSU-A radiance assimilation. The

other four experiments assimilate both GTS obser-

vations and AMSU-A radiance measurements, but

using different land-surface schemes. The second

experiment, GS59, is the default AMSU-A radi-

ance assimilation scheme in the current WRF-VAR

system, which assimilates AMSU-A sounding chan-

nels 5–9, and uses the surface temperature from

background field and the emissivity calculated from

CRTM. In the third and fourth experiments, only

the surface temperature alternative is used. The

alternatives of both surface temperature and emis-

sivity of channel 5 are used in the fifth experi-

ment. To study the influence of lower channels,

the fourth experiment assimilates sounding channels

4–9.

Table 1. Experiments designed with different assimilated observations and land-surface schemes
Name Assimilated observations Surface temperature (Ts) Emissivity (EM)

GTS GTS

GS59
GTS+AMSUA-S5–9

First guess CRTMch5–9

GS59−Ts MSPPS CRTMch5–9

GS49−Ts GTS+AMSUA-S4–9 MSPPS CRTMch4–9

GS59−Ts+em5 GTS+AMSUA-S5–9 MSPPS MSPPSch5+CRTMch6–9

5. Results and verifications

5.1 Sensitivity of brightness temperature to

surface configurations

To see the influence of different land sur-

face schemes, firstly the difference between simu-

lated and observed brightness temperature at chan-

nel 5 for radiance experiments is investigated. Due

to the same surface configuration at channel 5 in

GS59−Ts and GS49−Ts, the brightness temperature

differences among experiments GS59, GS59−Ts, and

GS59−Ts+em5 are compared.
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Fig. 1. Variations of observation number (a) and difference of brightness temperature before (b) and after (c) bias

correction and after analysis (d) in three radiance experiments. The period is from 0000 UTC 23 to 1800 UTC 31 August

2007.

Figure 1a shows the variations of the observation

numbers used in the three assimilation experiments.

The default scheme GS59 uses the least observation

numbers, and the new schemes using surface alter-

natives make more than 500–2000 observations avail-

able, which demonstrates that more qualified obser-

vations can be used in the new schemes. For the

new schemes using surface alternative, the observa-

tion number in GS59−Ts+em5 is higher about 100–

300 than GS59−Ts, and their variation trend is consis-

tent. Therefore, the large number difference between

GS95 and new schemes is mainly caused by using sur-

face temperature alternative rather than using surface

emissivity alternative, although the surface emissivity

also generates weak positive impact on channel 5.

We further use root mean square error (RMSE)

to describe the variation of simulated and observed

brightness temperature in each scheme. The defini-

tion of RMSE is seen in Eq. (1):

RMSE =

√

√

√

√

1

N

N
∑

i=1

(Xs − Xobs)2, (1)

where Xs and Xobs stand for simulated and observed

brightness temperature (Tb), respectively. RMSE of

Tb before/after bias correction is shown in Figs. 1b

and 1c, respectively, and RMSE of Tb after analysis

is shown in Fig. 1d. The biases of observed and
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calculated Tb mostly depend on both scan angle and

air mass, and need to be corrected before data en-

ter into minimization procedure. The bias correction

scheme based on simple linear regression is adopted in

current WRF-VAR system, detailed description refer-

red to Liu and Barker (2006).

Without bias correction, Fig. 1b shows large

RMSE in the three radiance schemes. In particular,

the RMSE in the GS59 scheme shows a large variation

range with time, such as 0.6 K at 0000 UTC and 1.4

K at 1200 UTC in a day. Among the three schemes,

RMSEs for the new schemes using surface alternatives,

GS59−Ts and GS59−Ts+em5, are much smaller than

that for GS59, which shows the positive impact on

simulated Tb when using surface alternatives. The

variations of RMSE with time for the new schemes

are quite similar, but RMSE of GS59−Ts+em5 is even

smaller than that of GS59−Ts, which infers that us-

ing both alternatives is better than using single one

although the second one might have less contribution.

Combined with the numbers in Fig. 1a, it is seen that

using MSPPS surface alternatives can significantly im-

prove the simulated Tb, and the contribution of sur-

face temperature is more obvious than that of surface

emissivity at channel 5.

After bias correction, the differences of RMSE

among the schemes become smaller, and the variation

range of RMSE mostly changes from 0.4 to 0.5 K (Fig.

1c)—unlike the RMSE before bias correction changes

from 0.6 to 1.4 K (Fig. 1b), which shows the strong

effect of bias correction.

Beside the simulated Tb, also called background

radiance, the analysis Tb can be generated using in-

crements to adjust the background radiance to obser-

vation as close as possible. Therefore, the RMSE be-

tween observed and analysis Tb in Fig. 1d is smaller

than those in Figs. 1b and 1c, changing from 0.2 to

0.3 K. After analysis, the RMSE for the schemes using

surface alternatives is more constant, around 0.25 K,

while the RMSE for the default radiance scheme ap-

pears a relatively large variation range with time.

The comparisons of observation number and

RMSE of Tb among the three experiments show that

using surface alternatives can improve the simulated

Tb and allow more observations used for assimilation.

For the two surface alternatives schemes, using the

surface temperature alternative shows more obvious

impact on simulated Tb than using the surface emis-

sivity alternative for channel 5, which indicates that

radiance at channel 5 is more sensitive to surface tem-

perature than surface emissivity.

5.2 Verifications

Since AMSU-A is mainly used for measuring at-

mospheric temperature, especially as channels 4 and

5 are more sensitive to lower atmosphere, the fore-

cast temperature from the assimilation experiments

is verified against the observations and NCEP global

analyses to investigate the influence of AMSU-A as-

similation over land. The 24-h forecasts are generated

at 0000, 0600, 1200, and 1800 UTC from 23 to 31 Au-

gust 2007.

5.2.1 Verification against radiosonde observations

Temperature forecasts from the assimilation ex-

periments are verified against radiosonde observations.

The period is about 1 week from 0000 UTC 24 to

1800 UTC 31 August. The validation is made at 0000

and 1200 UTC due to fewer radiosonde observations

at 0600 and 1800 UTC. The RMSE of temperature

difference between forecast and observation is used to

describe the difference of experiments.

Figure 2 shows the verification of temperature

profiles for 6- and 12-h forecast of 5 experiments. For

6-h forecast (Fig. 2a), the new schemes using surface

alternatives show more positive impact on tempera-

ture below 700 hPa than the scheme only assimilating

GTS, such as obviously reduced RMSE at 850 hPa,

while GS59 shows a slight negative effect, compared to

GTS, at lower atmospheric layers. Since these schemes

focus on changing surface temperature and emissivity

for channels 4 and 5, which are more sensitive to lower

atmosphere, the improved temperature forecast below

700 hPa is mostly likely attributed to the MSPPS land

surface parameters. As to 12-h forecast (Fig. 2b), the

positive effect of new schemes is slight at lower atmo-

sphere, and it is not so clear as the 6-h forecast to

show the difference among experiments.

To see more detail for the temperature forecasts
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Fig. 2. Verification of forecast temperature profile of experiments against radiosonde observations at 0000 and 1200

UTC 24–31 August 2007. (a) 6-h forecast and (b) 12-h forecast.

at lower layers of atmosphere, the validations of the 24-

h forecast temperature at 850 and 700 hPa are made

at 0000 and 1200 UTC. The RMSE shown in Fig. 3

increases with forecast time, and the influences of dif-

ferent experiments are obvious at 6- and 18-h forecast,

especially at 850 hPa, while the influences are weak

at 12-h forecast. Among these experiments, the GTS

shows larger RMSE with increasing forecast range,

especially 18- and 24-h forecast. The default radi-

ance scheme GS59 mostly shows larger RMSEs for 6-,

12-, and 18-h forecast. The new schemes using sur-

face alternatives generally show smaller RMSE at four

forecast times and their RMSEs are close. Relatively,

GS49−Ts shows the smallest RMSE for 6-, 12-, and 18-

h forecast at 850 hPa. In general, the new schemes us-

ing surface alternatives show more positive impact on

forecast temperature than the default radiance scheme

and the only GTS assimilation scheme within 24-h

forecast at the three pressure levels. Among the three

new schemes, the scheme assimilating sounding chan-

nels 4–9 and using surface temperature alternative

seems optimal, and the other two schemes assimilating

sounding channels 5–9 present similar but slightly less

positive impact on forecast temperature.

Figure 4 shows the time series of 6- and 12-h fore-

cast temperature verification at 850 hPa within one

Fig. 3. Verification of temperature forecast at (a) 850 hPa and (b) 700 hPa against radiosonde observations.
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Fig. 4. Time series of (a) 6-h and (b) 12-h forecast temperature verification against radiosonde at 850 hPa.

week. For 6-h forecast validation as shown in Fig.

4a, five experiments show obviously different influ-

ences at 0000 and 1200 UTC. Relatively, their RM-

SEs are closer at 0000 UTC but quite different at

1200 UTC. At 1200 UTC, the default radiance scheme,

GS59, mostly shows the largest RMSE, and the new

schemes using surface alternatives show lower and

closer RMSE. The variation range of RMSE among ex-

periments is about 0.2 K at 1200 UTC while it is less

than 0.05 K at 0000 UTC. It infers that the improve-

ments occurred in the new schemes for 6-h forecast

validation in Fig. 3 mainly attribute to their clearly

reduced RMSE in validation made at 1200 UTC rather

than 0000 UTC of each day.

Different from 6-h forecast, the different influ-

ences on 12-h forecast temperature (Fig. 4b) are

slight. Their RMSEs are close at both 0000 and 1200

UTC, and their differences in RMSE are mostly less

than 0.05 K. The variation trend of RMSE for 18-

h forecast (figure omitted) is similar to that for 6-

h forecast, with larger differences occurring at 1200

UTC especially. For 24-h forecast (figure omitted),

the influence of those experiments seems similar and

changes more consistently with time. The obvious dif-

ferences of the 6- and 18-h forecast verifications made

at 1200 UTC imply that assimilation experiments have

a strong influence on temperature forecasts initialized

from 0600 and 1800 UTC, and particularly, the new

schemes show more positive impacts.

5.2.2 Verification against NCEP global analyses

To verify the forecast temperature from assimila-

tion experiments against NCEP global analyses, global

fields are interpolated into the Southwest Asian do-

main and the corresponding resolution used in WRF

model.

First, the time series of RMSEs for 6- and 12-h

forecast temperature verification against NCEP global

analyses at 850 hPa within one week are shown in Fig.

5. Different from verification against radiosonde, RM-

SEs for five experiments show regular wave variation at

0000 and 1200 UTC. The RMSE at 0000 UTC is much

lower than that at 1200 UTC, and especially RMSE

difference between 0000 and 1200 UTC is 0.2–0.4 K for

6- and 12-h forecast validations. The influences of ex-

periments on forecast temperature are more different

at 1200 UTC rather than at 0000 UTC. When valida-

tion made at 1200 UTC, for 6-h forecast, GS95 shows

the largest RMSE and GS95−Ts−em5 using both al-

ternatives shows the least RMSE to cause about 0.1–

0.2-K difference; while for 12-h forecast, RMSEs of the

four radiance assimilation experiments are quite close

and about 0.1 K lower than that of GTS.

Due to the obviously different validation results

at 1200 UTC for experiments, we compare the over-

all 24-h forecast temperature validation made at 1200

UTC for experiments. Figure 6a shows the RMSE dif-

ference among five experiments at 850 hPa within 24-h

forecast. For 6-h forecast, RMSEs of the new schemes

are smaller than that of GTS and GS59. For 12- and

18-h forecast, RMSE of GTS is much larger than that

of four radiance schemes, and those radiance schemes

show similar influences for longer forecast. The varia-

tion of RMSE at 700 hPa (Fig. 6b) is similar to that

at 850 hPa. For 6-h forecast, RMSE of the default
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Fig. 5. Time series of (a) 6-h and (b) 12-h forecast temperature verification against NCEP global analyses at 850 hPa.

Fig. 6. Temperature verification at (a) 850 and (b) 700 hPa against NCEP global analyses.

radiance assimilation scheme is larger than that of

other schemes; in particular, the former is larger about

0.1 K than the latter. With a longer forecast range,

RMSE of GTS increases rapidly from 0.75 K for 6-

h forecast to 1.1 K for 18-h forecast. Relatively, the

RMSEs of experiments at 700 hPa are much smaller

than the corresponding values at 850 hPa. Among the

three new schemes, the GS59−Ts+em5 using both sur-

face alternatives shows the smallest RMSE within 24-h

forecast, especially at 700 hPa, which implies that us-

ing both surface alternatives is better than using only

surface temperature alternative although the contri-

bution of surface emissivity is small.

In general, the verifications against the NCEP

global analyses show that the new schemes using sur-

face alternatives produce positive impact on tempera-

ture forecasts, especially for 6-h forecast, and assimi-

lating conventional observations and AMSU-A radi-

ance together show more obviously positive influence

than only assimilating GTS for longer forecast range,

such as 18-h forecast.

The spatial distribution of RMSE for assimila-

tion experiments in this domain is further investi-

gated. Here, three experiments, GTS, GS59, and

GS59−Ts+em5, are used to stand for no radiance, de-

fault radiance, and new radiance assimilation schemes.

Since a more obvious RMSE difference occurred for 6-

and 18-h forecast validation at 1200 UTC in Fig. 6,
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the spatial distribution of RMSE of 6- and 18-h fore-

cast verification against the NCEP global analyses at

850 hPa calculated at 1200 UTC is shown in Fig. 7.

For 6-h forecast, a distinctive RMSE difference occurs

in the black circle area, which is the tail of Tibetan

Plateau and mostly dominated by desert or barren

soil. Among the three experiments, GTS shows a large

RMSE of about 2–3 K in part of the black circle area,

Fig. 7. Distribution of RMSE for 6-h (left panels) and 18-h (right panels) forecast temperature verification against
NCEP global analyses at 850 hPa over Southeast Asia. Three experiments from up to down are GTS, GS59, and
GS59−Ts+em5, respectively.
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and the default scheme, GS59, shows a larger RMSE

of about 2.5–3.5 K in most of this area; but the new

scheme, GS59−Ts+em5, using both surface tempera-

ture and emissivity alternatives, shows small RMSE of

about 1–1.5 K in this area. In the recent study by Xu

et al. (2009) over Southwest Asia, they pointed out

that the largest model error occurred in the highest

terrain region, the Himalayan Mountain range, due to

a model deficit in the description of surface temper-

ature in high terrain areas. Therefore, the reduced

RMSE of the new scheme in the mountain area in-

dicates that the surface temperature from MSPPS is

more reasonable than that from the background field

generated from model forecast. Besides the distinctive

difference in the black circle area, in the middle of this

domain, the RMSE of the new scheme is also smaller

than those of GTS and GS59.

The spatial distribution of RMSE helps under-

stand why the new schemes show more positive in-

fluence on 6-h forecast temperature and where those

positive influences come from. As to the remarkable

improvement occurring in the black circle area, we

must combine the detail land surface feature of this

area to figure out the differences. The right panels

in Fig. 7 are for 18-h forecast temperature verifica-

tion. With longer forecast time, the RMSE for GTS

seems much larger than that for both radiance assim-

ilation schemes for high latitude area, such as over

30◦N, so that the averaged RMSE of GTS for 18-h

forecast is larger than that of those radiance assim-

ilation schemes as shown in Fig. 6a. Similarly, the

new radiance scheme shows smaller RMSE than the

default radiance scheme in the black circle area but

larger RMSE in the upper-middle part of the domain,

so the averaged influences of both radiance assimila-

tion schemes are similar, as shown in Fig. 6a.

6. Summary and discussion

In this paper, the impact of AMSU-A assimilation

over land in the WRF model is investigated in South-

west Asia. We design radiance assimilation experi-

ments using different surface temperature and emissiv-

ity for AMSU-A sounding channels 4 and 5, which are

sensitive to surface. The influences of AMSU-A assim-

ilation over land with different surface configurations

are analyzed by comparing and validating their tem-

perature forecasts with observations and global anal-

yses.

The sensitivity of brightness temperature to those

surface configurations shows that using the MSPPS-

retrieved surface temperature can significantly im-

prove the simulated radiance so that more observa-

tions are allowed to be assimilated. Relatively, using

emissivity alternative for channel 5 generates less pos-

itive influence on simulated radiance.

To understand the impact of AMSU-A assimila-

tion over land with different surface configurations on

forecast, the 24-h forecast temperature from assimila-

tion experiments is verified against radiosonde obser-

vations and NCEP global analyses. The new assimila-

tion schemes using surface alternatives show positive

impact on temperature forecasts at lower atmospheric

layers, especially at 850 and 700 hPa. The spatial dis-

tribution of RMSE for forecast temperature validation

in this domain shows that new radiance schemes using

surface alternatives generate much improvement for 6-

and 18-h forecast over the mountain areas surrounded

by desert. Model evaluations in Southwest Asia by

Xu et al. (2009) show that the largest model error

occurred in western Himalayan Mountain due to the

model deficiencies in the description of surface temper-

ature in high terrain areas. The obvious difference in

high altitude area further demonstrates that the sur-

face temperature from the MSPPS is more reasonable

than that from background forecast field.

The one-week study of AMSU-A assimilations

over land in Southwest Asia shows positive influence

on forecast. The results indicate that using proper

surface temperature is more important to improve

radiance and forecast temperature when assimilating

AMSU-A lower sounding channels. The promising re-

sults in this paper need more long-term analysis and

validation, and the surface temperature and emissiv-

ity derived from other measurements would be further

explored for radiance assimilation in NWP to assess
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the impact of surface parameters on AMSU-A assimi-

lation over land.
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