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ABSTRACT

The launch of the Japanese Advanced Himawari Imager (AHI) on 7 October 2014 represents a new era of geostationary 

operational environmental satellite (GOES) imagers, providing many more channels than any previously launched 

GOES imagers for the first time. In this study, we compare the impacts of assimilating all AHI versus GOES-like 

infrared channels radiances on regional forecasts over Eastern China. The National Centers for Environmental 

Prediction (NCEP) Gridpoint Statistical Interpolation (GSI) analysis system and Advanced Research Weather 

Research and Forecast model are employed. Positive impacts are obtained on quantitative precipitation forecasts 

(QPFs) associated with a typical summer precipitation case over eastern China in both set-ups, i.e. one assimilating all 

10 AHI infrared channels (AHIA) and the other assimilating only four GOES-like AHI channels (AHIG). It is found 

that a southwest to northeast oriented band of the atmosphere with high water vapor content that was formed and moved 

inland with time under the influence of a subtropical high and an eastward-propagating middle-latitude trough was 

responsible for the persistent precipitation in the eastern China of the selected case. The AHIA experiment generated 

the largest improvement on QPFs due to it generating a wetter atmosphere in the middle and low troposphere over the 

ocean off the southeast coast of China than the AHIG experiment and a control experiment without assimilating any 

AHI channel.

Keywords: data assimilation, quantitative precipitation forecasts, geostationary satellite, AHI, clear sky

1. Introduction

In the past two decades, the United States geostationary operational 
environmental satellite program (GOES) observations were not 
only applied to nowcasting (Velden, 1996; Velden et al., 1997, 1998; 
Mecikalski and Bedka, 2006; Mecikalski et al., 2015; Gravelle 
et al., 2016), but also extended to regional numerical weather 
prediction. For example, positive impacts of the GOES radiance 
assimilation on regional weather forecasts were demonstrated by 
Köpken et al. (2004) and Okamoto (2013) for the Meteosat Visible 
and Infrared Imager (MVIRI); Szyndel et al. (2005), Guedj et al. 
(2011) and Stengel et al. (2009) for the Spinning Enhanced Visible 
and Infrared Imager (SEVIRI) on board Meteosat-8, Zou et al. 
(2011, 2015) and Qin et al. (2013) for the GOES imagers on board 
the United States GOES-11, -12, -13 and -15.

On 7 October 2014, the Japan Meteorological Agency 
(JMA) successfully launched a Geostationary Meteorological 
 Satellite (GMS) – Himawari-8. It carries the newest generation 

of the geostationary visible and infrared imager – the 
Advanced Himawari Imager (AHI). The AHI observes the 
earth atmosphere with more visible, near-infrared, water 
vapor infrared and surface-sensitive infrared channels than 
JMA’s Multi-functional Transport SATellites (MTSAT) and 
the US GOES imagers. The same AHI was also on board on 
Himawari-9, which was launched on 2 November 2016. The 
AHIs on board Himawari-8 and -9 are expected to provide 
the imagery observations with higher temporal and horizontal 
resolutions to continually support the weather forecasts, 
natural-disaster counter-measures in the Western Pacific and 
Asia-oceanic regions. The AHI onboard Himawari-8 and -9 
inherit those channels similar to the previously launched GOES 
imagers in the United States, which has only four infrared 
channels. It is of interest to examine the benefits for AHI to 
have six more infrared channels than GOES imagers.

Since Himawari-8 is positioned nominally at 140.7°E and 
perched at 35,800 km above the equator, a typical summer 
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the benefits of assimilating all 10 AHI infrared channels 
radiance data over only four GOES-like infrared channels 
on the QPFs from 12 to 48 h. Summary and conclusions are 
provided in Section 6.

2. Case selection and experiment design

2.1. AHI infrared channel characteristics

The AHI is a geostationary satellite imager that has 16 
channels for the first time. The 10 infrared channels (7–16) 
are particularly important for NWP. Channel 7 is located at the 
shortwave region centred at 3.85 µm. Channels 8, 9 and 10 are 
centred at 6.25, 6.95 and 7.35 µm, respectively, for sensing the 
atmospheric water vapor. Channels 11, 13, 14 and 15 are at 8.6, 
10.45, 11.20 and 12.35 µm. Channel 16 has a central wavelength 
at 13.3 µm that is located near the atmospheric CO2 absorption 
line at 15 µm. Channel 12 is located at 9.63 µm that is sensitive 
to tropospheric ozone but is not considered in this study, 
because its weight function has a second peak at about 30 hPa 
that is higher than the model top (50 hPa). Figure 1 shows the 
weighting function profiles for the nine infrared channels 7–11 
and 13–16, overlapped onto the 43 model pressure levels from 
the surface to 50 hPa (see Section 2.2). It is seen that the three 
AHI water vapor channels are strongly affected by the water 
vapor in the middle and upper troposphere. The remaining 
six infrared channels are located near the earth surface. Out 
of these six surface sensitive infrared channels, channel 16 is 
affected by the temperature in the low and middle troposphere 
the mostly.

The spatial resolution, i.e. an instantaneous geometric field 
of view, of all AHI infrared channels is 2 km at the sub-satellite 
point. It was pointed out by Heidinger (2011) that a consistent 
2-km spatial resolution for all AHI infrared channels is 
beneficially important for deriving AHI multi-channels retrieval 
products based on spectral differences such as the cloud mask 
(CM) test algorithms. This consistency in resolution among 
AHI infrared channels is also good for effective cloud detection, 
quality control and data assimilation.

2.2. Experiment design

The case selected for this study is characterized by a typical 
summer precipitation case that occurred downstream of an 
eastward propagating middle latitude trough. The observed 
amounts of 12-h accumulative rainfall over land are provided in 
Fig. 2 for the time period from 1200 UTC 2 July to 0000 UTC 4 
July 2016. The rainfall observations were obtained from merging 
the hourly rain gauge data at more than 30,000 automatic 
weather stations in China with the Climate Precipitation 
Center Morphing (CMORPH) precipitation product using a 
probability density function based optimal interpolation method 
(Shen et al., 2014). To associate the rainfall distributions with  

precipitation case over eastern China is selected for such a 
study. Specifically, we compare the added benefits of directly 
assimilating all 10 AHI infrared channels than only four 
GOES-like infrared channels radiance data for the quantitative 
precipitation forecasts (QPFs) over eastern China. The data 
assimilation and forecast model used are the National Centers 
for Environmental Prediction (NCEP) Gridpoint Statistical 
Interpolation (GSI) analysis system (Wu et al., 2002; Purser 
et al., 2003a, 2003b) and the Advanced Research Weather 
Research and Forecasting (WRF) (ARW) model, respectively. 
These systems were made publically accessible for numerical 
weather prediction (NWP) user community (Shao et al., 
2016). Section 2 provides a brief description of AHI data 
characteristics, case selection and experiment design. Details 
on cloud detection, bias correction, data thinning, quality 
control, convergence and analysis  increments are presented in 
Section 3. Section 4 shows the forecast results demonstrating 

Fig. 1. Weighting functions for the nine infrared channels 7–16. The 
43 WRF–ARW model levels from surface to 50 hPa are shown in grey 
horizontal lines and the layer thicknesses are shown by black dashed 
curve.
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large-scale flow features, the 500-hPa geopotential heights 
from the NCEP FNL at 0000 UTC 3 July (Fig. 2a), 1200 
UTC 3 July (Fig. 2b) and 0000 UTC 4 July (Fig. 2c) 2016 are 
added to Fig. 2. A southwest to northeasterly oriented heavy 
precipitation band persisted for over 36 h. A continuous supply 
of water vapor to this area by advection is thus important for an 
NWP model to perform well on QPFs.

Three data assimilation and forecast experiments were 
carried out. The control experiment (CTRL) assimilates all 

the conventional radiosonde and surface observations. The 
conventional observations consist of the surface and upper-air 
reports operationally collected by NCEP, including land surface, 
marine surface, radiosonde and aircraft reports from the Global 
Telecommunications System, US radar-derived and profiler 
winds, Special Sensor Microwave Imager oceanic winds and 
atmospheric total column precipitable water retrievals, as 
well as satellite wind data from the National Environmental 
Satellite, Data, and Information Service (NESDIS) of National 

(a) 1200 UTC 2 July to 0000 UTC 3 July 

(b) 0000 UTC to 1200 UTC 3 July 

(c) 1200 UTC 3 July to 0000 UTC 4 July 

Fig. 2. The observations of 12-h accumulative rainfall amounts over land (shaded) ending at and the 500 hPa geopotential height from NCEP FNL 
at (a) 0000, (b) 1200 and (c) 2400 UTC 3 July 2016 (contour interval: 10 m). The dashed rectangle shows the validation area.
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The Advanced Research Weather Forecasting (WRF) model 
(ARW) version 3.2 is used for the 48-h QPFs starting at 0000 
UTC 2 July 2016. The horizontal model resolution is 15 km. 
There are 43 vertical levels from the Earth surface to a model 
top located around 50 hPa. The total model grid points in the 
three-dimensional (3D) space are 400 × 250 × 43. The WRF 
single-moment three-class microphysics scheme (Hong and 
Lim, 2006), the Kain–Fritsch cumulus parameterization 
scheme (Kain and Fritsch, 1990, 1993; Kain, 2004), and the 
Yonsei planetary boundary layer scheme (Hong and Dudhia, 
2003) are used in the ARW.

3. Data assimilation

3.1. Cloud detection

The AHI observations in clear-sky conditions are assimilated. 
For this purpose, an infrared only CM algorithm that was 
developed and tested by Zhuge and Zou (2016) is used to 
identify cloud-contaminated AHI pixels. The infrared-only 
CM algorithm consists of the following 10 CM tests: a new 
CM test (i.e. the New Optically Thin Cloud test – NOTC) for 
optically thin clouds, two modified Advanced Baseline Imager 
(ABI) CM tests (4 µm Emissivity test – EMISS4, Modified 
Uniform Low Stratus test – ULST) and seven other ABI CM 
tests  (Relative Thermal Contrast Test – RTCT, Emissivity at 
Tropopause test – ETROP, Positive Fourteen Minus Fifteen Test 
– PFMFT, Negative Fourteen Minus Fifteen Test – NFMFT, 
Relative Fourteen Minus Fifteen Test – RFMFT, Cirrus Water 
Vapor test – CIRH2O, Temporal Infrared test – TEMPIR). A 
brief description of physical considerations and mathematical 
formulations for each of these 11 CM tests was provided in 
Zhuge and Zou (2016). Validated by the Moderate Resolution 
Imaging Spectroradiometer (MODIS) CMs, this infrared only 
AHI cloud detection algorithm achieved a high Probability of 
Correct Typing (PCT) and a lower false alarm rate.

Figure 4 shows a spatial distribution of cloudy pixels detected 
by the 11 channel infrared-only CM algorithm (Fig. 4a) and the 
CM obtained by the clouds from the AVHRR Extended System 
(CLAVR-x) (Fig. 4b) at 2300 UTC 1 July 2016. The CLAVR-x 
uses not only the infrared channels but also visible and near-
infrared channels (Heidinger et al., 2012). It is seen that the 
CMs generated by the 11 CM tests in the infrared only CM 
algorithm compares favourably with the CLAVR-x CM, as was 
demonstrated for other cases in Zhuge and Zou (2016).

3.2. Quality control

The AHI data assimilation was not yet included in the GSI 
version 3.3. We added the capability for AHI data assimilation 
to GSI. Specifically, the AHI data in clear-sky conditions are 
selected at the 2-km observation resolution by applying the 
cloud detection algorithm of Zhuge and Zou (2016). They are 

Oceanic and Atmospheric Administration (NOAA). In the 
second experiment (AHIA), the AHI infrared channels 7–16 
are assimilated along with those data assimilated in CTRL. 
The third experiment (AHIG) is the same as AHIA except for 
taken away the two AHI water vapor channels 8 and 10 and four 
AHI surface sensitive channels 11, 12, 13 and 15. The model 
domain is shown in Fig. 3a in which the brightness temperature 
observations of AHI channel 16 at 0000 UTC 1 July 2016 is 
plotted. Areas of clouds and precipitation are characterized by 
low brightness temperatures of AHI channel 16 whose central 
frequency is located at 13.3 µm.

The AHI data assimilation experiments are carried out 
using the NCEP GSI system version 3.3 (Shao et al., 2016). 
The Community Radiative Transfer Model (CRTM) (Han  
et al., 2007; Weng, 2007) is employed in the GSI system as the 
observation operator for satellite data assimilation. A one-day 
data assimilation length with a 6-h cycling interval is chosen 
(Fig. 3b). The data assimilation cycling is executed as follows: 
The first data assimilation minimization is carried out at 0000 
UTC 1 July 2016 using the NCEP Global Forecast System 
(GFS) output as the background field (�

b
). Once the analysis 

(�
a
) at 0000 UTC 1 July 2016 is obtained by running the GSI 

data assimilation system, the Advanced Research WRF (ARW) 
is used to obtain a 6-h forecast (i.e. the first data assimilation 
cycle). This 6-h ARW model forecast is used as the background 
field for the data assimilation carried out at 0600 UTC 1 July 
2016, and the remaining procedures are the same as the first 
cycle. A total of five such data assimilation cycles are carried 
out continuously until the analysis at 0000 UTC 2 July 2016 is 
obtained.

Fig. 3. (a) Spatial distribution of brightness temperature observations of 
AHI channel 16 at 0000 UTC 1 July 2016 within the model domain. (b) 
Schematic illustration of the data assimilation cycling from 0000 UTC 
1 July to 0000 UTC 2 July 2017 and the forecast experiments initialized 
at 0000 UTC 2 July 2017.



5IMPACTS OF ASSIMILATING ALL OR GOES-LIKE AHI INFRARED CHANNELS RADIANCES

channels 8–10, the  observation weight is multiplied by a terrain 
factor f

H
 = 2000/H if the terrain height H is higher than 2000 m.

The scaled observation weights (w�

i
= f

H
w

i
) are then modified 

according to surface conditions defined by surface emissivity 
(ɛ

i
) and surface air temperature (T

s
). Specifically, w′

i
 is divided 

by the following factor

where fɛ is set to 0.01 over sea and land and 0.02 over other 
surface types, and f

T
 is equal to 0.5 over sea, 2.0 over land, 

3.0 over ice or snow and 5.0 over other types of surface. The 
observations weights over land vary greatly with the surface type 

1 + w
i
×

(
f
�
× ||�i

|| + f
T
× ||Ts

||
)

then put into the Binary Universal Form for the Representation 
of meteorological data (BUFR) that was maintained by the 
World Meteorological Organization (WMO) (Dragosavac, 
2007), and finally inputted into the GSI analysis system. 
For a 15-km model resolution to be used in our numerical 
experiments, the AHI data are thinned to a spatial resolution 
of 75 km to reduce the representative errors. The data biases 
(μ

i
) and observation error statistics (�o

i
) required by the AHI 

data assimilation, where the subscript ‘i’ indicates the channel 
number, are calculated following the same method as Zou et al. 
(2016). The observation weights (w

i
, i = 7, …, 11, 13, …, 16) is 

firstly assigned as the inverse of the observation error (�o

i
). For 

Fig. 4. (a) Clouds detected by the 11 infrared only cloud mask algorithm which is implemented for AHI data assimilation and (b) cloud mask (blue) 
obtained by CLAVR-x at 2300 UTC 1 July 2016.
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channels 8 and 9 have a positive bias around 0.3 and 0.1 K, 
respectively (Fig. 5a). The standard deviations are greater than 
0.7 K but smaller than 1.1 K before data assimilation (Fig. 
5b). After data assimilation, the mean and standard deviation 
reduced to below 0.1 and 0.6 K, respectively, for all assimilated 
AHI infrared channels.

The differences between observations and the background 
fields (O–B) and those between observations and analysis 
fields (O–A) at those AHI data points that pass the GSI quality 
control and are assimilated at 0000 UTC 1 July 2016 in the 
AHIA experiment are presented for AHI channels 9 and 10 
as examples (Fig. 6). The O–B differences can be as large 
as ±1.5 K (Fig. 6a and b). The O–A differences of channel 9 
(Fig. 6c and d), which is assimilated in both AHIA and AHIG 
experiments, are significantly smaller than the O–B differences 
(Fig. 6a and b). But for channel 10, which is not assimilated in 
AHIG, the O–A differences from the AHIG experiment (Fig. 
6f) remain as large as ±1.5 K at many data points where channel 
9 is assimilated (Fig. 6b).

Figure 7a and b provides the spatial distributions of the 
analysis and analysis increments of water vapor mixing ratio 
at the model level σ = 0.743 (~750 hPa) at 0000 UTC 1 July 
2016 from the CTRL experiment (Fig. 7a) and the AHIA 
experiment (Fig. 7b). It is seen that the water vapor mixing ratio 
is significantly increased (~4 g kg−1) off the east coast of China 

and the surface temperature. Currently, only the AHI channels 
7, 11, 13–16 over sea, and channels 8–10 over both sea and 
land radiance observations are assimilated in the GSI system. 
Observations over ice, snow and other surfaces are excluded 
from assimilation. Finally, a quality control is applied to the AHI 
channels 7, 11, 13–16 over sea, and channels 8–10 over both sea 
and land. An AHI observation is rejected from assimilation if the 
difference of brightness temperature between observation (O) 
and model simulation (B) is larger than 2 K or 3σ

obs
.

3.3. Mode fit to observations and analysis increments

The mean and standard deviation of the differences between 
AHI observations and model simulations before and after data 
assimilation in the AHIA experiment are presented in Fig. 5. 
All data assimilated during the one-day cycling period are 
included. The data counts assimilated for different channels 
are provided in Fig. 5b. Since water vapor channels 8–10 are 
assimilated over both land and ocean, the data counts for these 
three channels are in general larger than the other surface 
sensitive channels which are assimilated only over ocean. Also, 
the weighting function leak of channel 8 is the highest among 
channels 8–10, the data count for channel 10 is the largest since 
fewer pixels are affected by the residual cloud effects. Before 
data assimilation, channels 7, 10–11 and 13–16 have negative 
biases with their magnitude varying from −0.2 to −0.8 K, and 

Channel Number 

Channel Number 

M
ea

n 
(K

) 
St

an
da

rd
 D

ev
ia

tio
n 

(K
) 

D
ata C

ount 

(a)

(b)

Fig. 5. (a) Mean and (b) standard deviation of the differences between AHI observations and model simulations before (red bars) and after (blue bars) 
data assimilation in the AHIA experiment. All data assimilated during the one-day cycling period (black circles) are included.
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analysis increments (contours) along the 115E longitude at 0000 
UTC 1 July 2016. It is seen that the water vapor increments 
are the largest around 720 hPa and extend below and above 

where AHI observations are assimilated. Figure 7c shows the 
cross section of the water vapor analysis differences between 
the AHIA and CTRL experiments (shaded) as well as the AHIA 

Fig. 6. Spatial distribution of (a, b) O–B and (c, f) O–A of channel 9 (left panels) and channel 10 (right panels) from (c, d) AHIA and (e, f) AHIG 
experiments at 0000 UTC 1 July 2016, which is the beginning time of the AHIA data assimilation cycling. Black dots represent data rejected by QC.
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Fig. 7. (a, b) Spatial distributions of the analysis of water vapor mixing ratio (black contour), the analysis of wind (vector), and the analysis 
increments (colour shading) of water vapor mixing ratio (contour interval: 1.0 g kg−1) at σ = 0.743 (~750 hPa) at 0000 UTC 1 July 2016 (i.e. the 
beginning of the one day DA cycle) from (a) CTRL and (b) AHIA experiments. (c) Cross sections of the water vapor analysis differences between 
the AHIA and CTRL experiments (colour shading) and the AHIA analysis increments (curve, contour interval: 0.4 g kg−1) along the 115E longitude 
at 0000 UTC 1 July 2016. (d) Same as (c) except for AHIG.
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vapor mixing ratio between the AHIG and CTRL experiments 
as well as the AHIG analysis increments of water vapor mixing 

this pressure level south of 21 N. The latitudinal and vertical 
distributions of the largest analysis differences of the water 

Fig. 8. Same as Fig. 7 except for the atmospheric temperature. The contour interval is 1 K for (a, b) and 0.1 °C for (c, d).
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mixing ratio between the AHIA and CTRL experiments from 
0000 UTC 2 July to 0000 UTC 4 July 2016 are shown in Fig. 
10. It is clearly seen that as the forecast advances in time, the 
band of the atmosphere that is wetter in the AHIA and AHIG 
experiments than the CTRL experiment, which is oriented 
from the southwest to northeast, along the direction of 
winds, moves northward to supply more water vapor to areas 
of precipitation (Fig. 9). Not only the atmosphere around 
750 hPa in the low latitudinal band 15–22 N are wetter in 
the AHIA and AHIG experiments than those of the CTRL 
experiment at the initial time, the atmosphere in the middle 
latitudes around 35 N is also more moist for the AHIA than 
the CTRL initial conditions (Fig. 10). As the forecast time 
advances, the positive forecast differences of water vapor 
mixing ratio located initially in the low (middle) latitudes 
propagate northward (southward), which is favourable for 
the AHI data assimilation to have an impact on the forecast 
of a persistent precipitation around 30 N. Again, differences 
between AHIA and AHIG are mainly reflected in the 
magnitudes of water vapor mixing ratio.

A comparison among the CTRL, AHIG and AHIA 
experiments can then be made for the QPFs over land.  
Figure 11 provides the spatial distributions of the 12-h 
accumulative rainfall amounts over land from the AHIA and 
AHIG experiments from 1200 UTC 2 July to 0000 UTC 3 July, 
0000 UTC 3 July to 1200 UTC 3 July, and 1200 UTC 3 July 
to 0000 UTC 4 July 2016. The geopotential height at 500 hPa 
at the ending time of each of the three 12-h intervals is also 
shown in Fig. 11. Both of the two experiments can forecast the 
southwest to northeasterly oriented heavy rain band, but the 
spatial distributions of the 12-h accumulative rainfall amounts 
from the AHIA experiment compare more favourably to the 
observed precipitation distributions (see Fig. 2) than those 
from the AHIG experiment. The rain band of AHIG is a bit of 
north of the observation, especially for the time period from 
0000 to 1200 UTC July 3, observed rain belt lies between 115 
and 119E, but the maximum rainfall of AHIG is located in 
119–120E, reaches about 200 mm. AHIA reduces the rainfall 
amounts between 119–120E and 50–100 mm, and more rainfall 
can be found in the position of observed rain belt for AHIA. 
At the last 12-h time interval, the middle-latitude trough of 
AHIA is stronger than that of AHIG, therefore, the rain band 
of AHIA is slimmer than that of AHIG, and more consist with 
the observations.

The equitable threat scores at the thresholds of 1, 5, 10 and 
15 mm during the 12–48 h forecast times, which corresponds to a 
time period from 1200 UTC 2 July to 0000 UTC 4 July 2016, are 
shown in Fig. 12. It is seen that the equitable threat scores of both 
the AHIG and AHIA experiments are consistently higher than 
those from the CTRL experiment throughout the forecast time 
period from 12 to 48 h. The AHIA experiment gives the highest 
overall scores, especially for the QPFs at higher thresholds.

ratio (Fig. 7d) are smaller in both magnitude and the vertical 
extent than those for AHIA in Fig. 7c. Due to the missing of two 
water vapor channels and four surface channels, the maximum 
of AHIG’s increments decreased from 2.8 to 1.8 in the south of 
21 N, the max value centre is located at about 850 hPa, which 
is lower than AHIA’s. The negative increments in the north of 
35 N are also enhanced at about 600 hPa.

The spatial distributions of the analysis increments of 
temperature at the model level σ = 0.743 (~750 hPa) at 0000 
UTC 1 July 2016 from the CTRL experiment and the AHIA 
experiment are shown in Figure 8a and b. It is seen that the 
temperature is decreased (~0.8 K) off the east coast where 
water vapor mixing ratio is significantly increased (see  
Fig. 7a). Positive analysis increments of temperature around 
0.45 K are found in the middle latitudes east of 100E and along 
the east coast in both experiments, suggesting that they are 
generated mostly due to radiosonde observations. The cross 
section of the analysis differences (shaded) between the AHIA 
and CTRL experiments of atmospheric temperature along 
the 115E longitude at 0000 UTC 1 July 2016 is presented in  
Fig. 8c. Temperature increments in the low latitudes over 
ocean are negative with the largest magnitude located around 
720 hPa and extending below and above this pressure level, 
another negative increment centre is in the north of 30 N, AHI 
data assimilation strengthened these negative increments in the 
north of 35 N at about 620 hPa. Increments higher than 300 hPa 
are mainly caused by conventional data. Same as the water 
vapor mixing ratio, the latitudinal and vertical distributions of 
the largest analysis differences (shaded) of water vapor mixing 
ratio between the AHIG and CTRL experiments as well as the 
AHIG analysis increments (contours) of water vapor mixing 
ratio (Fig. 8d) are also smaller in both magnitude and the 
vertical extent than those for AHIA in Fig. 8c. The most obvious 
increment differences between AHIA and AHIG is in the south 
of 21 N, the max value decreases from 0.4 to 0.2 K, but the 
height of the maximum centre for both of the two experiments 
is located at about 720 hPa.

4. Forecast impacts

Impacts of the AHI observed information over the ocean off 
the east coast of China in the low latitudes on the forecasts 
of the precipitation event in the middle latitudes over land 
is shown in Fig. 9. Contours show the temporal evolution 
of the forecasts of water vapor mixing ratio at σ = 0.743 
(~750 hPa) from the AHIA and AHIG experiments, shaded 
represents the forecast differences between the AHIA and 
CTRL experiments and between AHIG and CTRL at 0000 
UTC and 1200 UTC 2 July and 0000 UTC 3 July 2016. 
Winds are also shown in vectors. Vertical and latitudinal 
cross sections for the water vapor mixing ratio forecast of the 
AHIA experiment and the forecast difference of water vapor 
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0000 UTC July 2 

1200 UTC July 2 

0000 UTC July 3 

Fig. 9. Forecasts of water vapor mixing ratio at σ = 0.743 (~750 hPa) from the AHIA (left panels) and AHIG (right panels) experiments (contour 
interval: 1 g kg−1), as well as the forecast differences between the AHIA and CTRL experiments (colour shading, left panels) and the forecast 
differences between the AHIG and CTRL experiments (colour shading, right panels) from 0000 UTC 2 July to 0000 UTC 2 July 2016 at 12-h 
interval.
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Fig. 10. Vertical and latitudinal cross sections along the 115E longitude for the analysis of water vapor mixing ratio of the AHIA experiment (contour 
interval: 1 g kg−1) and the forecast differences of water vapor mixing ratio between the AHIA and CONV experiments (AHIA-CTRL, shaded) at (a) 
0000 UTC, (b) 1200 UTC and 1800 UTC 2 July 2016. The 3-h accumulative rainfall observations (purple curve) ending at (a) 0000 UTC, (b) 1200 
UTC and (c) 1800UTC 2 July 2016 are indicated by the y-axis on the right by a logarithmic scale.
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1200 UTC 2 July to 0000 UTC 3 July 

0000 UTC 3 July to 1200 UTC 3 July 

1200 UTC 3 July to 0000 UTC 4 July 

Fig. 11. The 12-h accumulative rainfall amounts over land (colour shading) from the AHIA (left panels) and AHIG (right panels) experiments from 
1200 UTC 2 July to 0000 UTC 3 July (top panels), 0000 UTC 3 July to 1200 UTC 3 July (middle panels), and 1200 UTC 3 July to 0000 UTC 4 July 
(bottom panels) 2016, as well as the geopotential height (black curve) at 500 hPa at the ending time of each of the three 12-h intervals.
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Fig. 12. Equitable threat scores (ETS) for the 3-h accumulative rainfall amounts over land at the thresholds of 1, 5, 10 and 15 mm during the 12–48 h 
forecasts, which are initialized at 0000 UTC 2 July 2016, from the CONV (black bars), AHIG (grey bars) and AHIA (blue bars) experiments from 
1200 UTC 2 July to 0000 UTC 4 July 2016.
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5. Summary and conclusions

Through a case study, we demonstrate added benefits for 
assimilation of more infrared channels from AHI to improve QPFs 
over eastern China. Three experiments (CTRL, AHIA and AHIG) 
are conducted to evaluate the impact of AHI data assimilation, 
especially for those newly added two water vapor channels and 
four surface channels. The AHIA experiment generated the largest 
improvement on QPFs due to it generating a wetter atmosphere in 
the middle and low troposphere over the ocean off the southeast 
coast of China. The preliminary results highlight the potential 
benefits of those newly added channels. The GOES-R ABI was 
launched on 19 November 2016, and the ABI data will soon be 
made available to NWP communities. ABI has higher resolutions 
and five times faster scans of the Earth than the current operational 
GOES satellites, GOES-13 and -15. The only major difference 
between ABI and AHI is that ABI has one less visible channel 
than AHI. This has no impact on data assimilation of ABI infrared 
channels. Therefore, the work completed in this study for AHI 
data assimilation will allow an accelerated implementation of 
GOES-R ABI data assimilation in the GSI system be accelerated 
once the ABI data become available.
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