
ORIGINAL ARTICLE

The Impact of a New Set of IASI Channels on the Unified Model
Global Precipitation Forecast

Young-Chan Noh1,2
& Byung-Ju Sohn1

& Yoonjae Kim3

Received: 9 January 2019 /Revised: 17 April 2019 /Accepted: 30 April 2019 /Published online: 10 May 2019
# Korean Meteorological Society and Springer Nature B.V. 2019

Abstract
This study attempts to assess the impact of data assimilation with newly selected Infrared Atmospheric Sounding Interferometer
(IASI) channels on the global precipitation forecast, using the Korea Meteorological Administration (KMA) Unified Model
(UM) system. The new IASI channels assimilated under the clear-sky condition give a positive impact on the global precipitation
forecast, shown in the trial experiments. In particular, the overestimated horizontal size of forecasted precipitation in the control
run with operational IASI channels significantly decreases in the experimental trial with the newly selected channels. In addition,
the moist biases of moisture field in the model analysis as an initial condition are substantially reduced in the experiment run.
Considering that the moisture in the troposphere is a main source of precipitation, the reduction of moist biases in the troposphere
seems to contribute to the improvement of precipitation forecast in the UM system. Therefore, these results suggest that the
improved moisture field even over clear areas is able to enhance the precipitation forecast accuracy. And because the difference
between two trial runs is only a set of IASI channels used in the UM data assimilation system, the improved precipitation forecast
is likely to due to the use of different H2O channels in the new set of IASI channel used in the experiment run, which are sensitive
to the tropospheric water vapor.
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1 Introduction

Precipitation is one of most important weather forecasting
parameters, because it can affect our daily living. In particular,
accurate forecasting of heavy rainfall and flood is much
valuable to the public; earlier preparation can reduce
potential damages caused by heavy rain events. In re-
cent years, with advances in the numerical modeling
skills and significant increase of used observations for
the initialization of the NWP model, forecast accuracies

including precipitation forecast have been significantly
improved (English et al. 2000; Simmons and Hollingsworth
2002; Dee et al. 2011; Bauer et al. 2015). Along with the
current horizontal and vertical finer resolution of NWP
models, increased computational power was thought to be
technical advances essential for the improved forecast-
ing accuracy. Such development and efforts now allow
us to include more detailed representation of precipitation-
associated dynamical and thermodynamic processes in the
NWP model (Shapiro et al. 2010; Kumar et al. 2016;
Wang et al. 2016).

Despite the continuous progress in forecasting perfor-
mance, precipitation is still thought to be the most difficult
variable to predict. One main reason is because parameteriza-
tions described in model physics are over-simplified, not real-
istically reflecting the non-linear relationship between cloud/
precipitation processes and model state variables (Ebert et al.
2007; Zhang et al. 2013). Aiming at the better description of
such non-linear relationship, most studies have focused on
improving the parameterizations of cloud and precipitation
physics (Hong 2004; Hong et al. 2004; Thompson et al.
2004, 2008; Morrison et al. 2009; Lim and Hong 2010;
Liu et al. 2011).
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Besides improved parameterization, accurate initial con-
dition is also considered to be an important factor for better
precipitation forecasting since the weather prediction is
fundamentally an initial value problem (Lorenc 1986;
Kalnay 2003). From the assimilation of precipitation-
affected microwave radiances in the WRF model, Zhang
et al. (2013) showed a positive impact on the heavy rain
event over the United States. Updated hydrometeors from
microwave radiance assimilation were considered to be the
cause of such positive impact on the heavy rain event.
More recently, Han et al. (2016) attempted to assimilate
the microwave radiances in the forecasting of Hurricane
Sandy (2012) and Typhoon Haiyan (2013) cases. In their
study, only the cloud-screened microwave radiances were
used for the data assimilation in the WRF model, and thus
the hydrometeors were not directly updated during the as-
similation process, but rather environment field around a
typhoon was updated. Nevertheless, the accuracy of TC
forecasts was improved, suggesting that improved sur-
rounding environmental field can also enhance the fore-
casting accuracy of severe weather phenomena in the
NWP model forecasts. In particular, Han et al. study is
meaningful since the typhoon forecasting was improved
through improved environmental fields over the clear-sky
area (by better removing cloud-contaminated microwave
scenes) near the typhoon rain bands. The surrounding envi-
ronments such as wind and moisture fields should be more
realistic for predicting the typhoon better in the model.

Recently, Noh et al. (2017) suggested a new set of IASI
channels for the UM data assimilation. In trial experiments, it
was shown that environmental fields such as upper tropo-
spheric humidity in the NWP model can be improved with
the new channel set of data, compared to the channel set op-
erationally used in the UM data assimilation system. Thus,
with the consideration of the fact that better environmental
condition is able to improve the typhoon forecast in the model
as suggested by Han et al. (2016), precipitation forecast may
be also improved with the new selection of IASI channels by
improving moisture field in the precipitation environment,
which is a main source of precipitation formation.

In this study, we attempt to examine how the improved
moisture field gives rise to the precipitation forecasting
through the trial experiments using the operational UM sys-
tem at the KMA. While all the observations are kept same in
the operational UM data assimilation system except IASI ob-
servations from two set of IASI channels – operationally used
183 channels vs. 200 channels from Noh et al. (2017). Impact
assessment will be made by comparing the trial results from
two different set of IASI channels. Obtained results will shed
light on how the improved environment gives influences on
the precipitation forecasting and/or on how the new set of
IASI channels give rise in the improved precipitation
forecasting.

The paper is organized as follows. Section 2 provides
a summary of data used in this study. And the charac-
teristics of new IASI channels are presented in section 3
where the data assimilation system for numerical exper-
iment is also described. In section 4, the impact of
newly selected IASI channels on the UM global precip-
itation forecast is presented, followed by summary and
conclusions in section 5.

2 Used Data

2.1 IASI Observations

IASI instrument is onboard the EUMETSATMetOp satellites,
which measures the emitted radiances in 8461 channels over
the infrared spectrum range of 645–2760 cm−1 at a spectral
resolution of 0.5 cm−1 (Siméoni et al. 1997). Providing precise
vertical information on the temperature and water vapor
due to the high spectral resolution and low radiometric
noise, IASI observations have been actively assimilated
to enhance the forecasting accuracy at NWP centers
(Collard and McNally 2009; Hilton et al. 2009; Guidard
et al. 2011; Hilton et al. 2012).

However, because of operational limitations associated
with data assimilation system (e.g., high data volume, heavy
computational cost, and the capability of its NWP system),
different subsets of channels among whole IASI channels
are used for the assimilation at the NWP centers. In the UM
system at the KMA (as well as at the UK Met Office), 183
channels among originally distributed 314 EUMETSATchan-
nels have been used for the assimilation (Collard 2007;
Weston 2011). In recent study, new 200 channels among
314 channels were suggested to maximize the use of
atmospheric information from the IASI observations in
the assimilation process (Noh et al. 2017). Compared
with 183 channels used for the operational forecasting,
149 channels among operational 183 channels are also
included in the new IASI 200 channels and 51 channels
are only shown in the new channel set. Fifty-one chan-
nels are mainly distributed over the O3 (1030 cm−1),
H2O (1350–2000 cm−1) absorption bands and in band
3 (2000–2760 cm−1) (Fig. 1). In the shortwave infrared
IASI band 3, H2O (2000–2050 cm−1) and CO2 (4.3 μm)
absorption bands are also located. Details about the
channel selection and impact of new channels on the
humidity field are found in Noh et al. (2017).

2.2 Precipitation Data for Validation

Precipitation forecasting results are validated against indepen-
dent satellite-based observation data. To assess the global pre-
cipitation forecasting from trial experiments, we use

46 Y.-C. Noh et al.

Korean Meteorological Society



precipitation products of IMERG (Hou at al. 2014; Draper
et al. 2015; Skofronick-Jackson et al. 2017). The IMERG
algorithm intends to integrate various precipitation data
from microwave-based precipitation measurements,
microwave-calibrated infrared estimates, and surface
gauge observations. IMERG is designed to compensate
limited samples from single LEO satellite, with all
available LEO satellites. Temporal and spatial gaps in
the IMERG microwave precipitation estimate are filled
by GEO-infrared satellite measurements using a morphing
technique (Liu 2016; Asong et al. 2017; Huffman et al.
2017). IMERG products are half-hourly with a spatial
resolution of 0.1° × 0.1°.

2.3 Total Precipitable Water

In order to evaluate the TPW of UM analysis, satellite-
based TPW data are used as a reference, which are
obtained from the MiRS (Boukabara et al. 2010,
2011, 2013). The system employs microwave measure-
ments from the AMSU and MHS sensors onboard
NOAA-18, NOAA-19, MetOp-A, and MetOp-B plat-
form, and the SSMIS from DMSP-F16 and DMSP-
F18 platform. In this study, we only use the TPW data
over the ocean. Because of the sampling times of
polar-orbiting satellites for MiRS TPW, data are select-
ed for the comparison if satellite overpass time is with-
in 30 min from the model analysis time (i.e., 00000
UTC and 1200 UTC). Data were downloaded from NOAA
Comprehensive Large Array-Data Stewardship System
(https://www.class.ncdc.noaa.gov).

3 Data Assimilation System and Experiment
Design

In order to examine the impact of the new set of IASI channels
on the UM global precipitation forecasts, global assimilation
trials are conducted for a period from 15 June to 31 July 2015,
using the global data assimilation system at the KMA. The
analysis period has been chosen because the Northern
Hemisphere summer period should have various global pre-
cipitation events. The spatial resolution of the UM system
used for the trial experiment is N320 L70 (about 40 km in
mid-latitudes) with 70 vertical levels from the surface to
80 km. The model used for data assimilation has a horizontal
resolution of N216 L70 (about 60 km) with 70 vertical levels.
Used assimilation scheme is a 4D-Var scheme, having the
assimilation time window from −3 to +3 h centered at the
nominal T + 0 analysis time.

In this study, we used the bias correction scheme embedded
in the UM data assimilation system, which was sug-
gested by Harris and Kelly (2001) for satellite measure-
ments. In this correction scheme, the geometric thick-
nesses of the 850–300 hPa, and 200–50 hPa pressure
layers from the model output are used as predictors,
which regress to the first-guess departures between
satellite-observed radiances and modelled radiances. In
the case of IASI measurements, pre-calculated bias cor-
rection coefficients for each of IASI 314 channels are
used to predict the biases for selected IASI channels
assimilated. Since this study aims to examine the impact
of newly selected IASI channels on the global precipi-
tation forecast, same bias corrections coefficients were
employed for two trial runs.

Fig. 1 Spectral distribution (black
line) of (a) the operational 183
IASI channels and b the newly
selected 200 channels over the
infrared spectral band (600–
2800 cm−1). Blue bars and red
dots indicate the selected IASI
channels and remaining channels
among the provisional 314 IASI
channels, respectively
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Before assimilating the IASI data, a quality control process
known as the OPS embedded in the UM system is performed.
Once the IASI measurements are compared with the forward-
modelled radiances from model atmospheric fields (called the
background) using a RTM. In the UM, the 6-h forecasts de-
rived from the previous data assimilation cycle are employed
as a background. And then, by examining the departure be-
tween the satellite-observed radiances and model-simulated
radiances, a quality of both satellite measurements and model
background is monitored. In addition to the examination of
departure, a 1D-Var is carried out to examine that the IASI
data are adequate for the UM4D-Var data assimilation system.
If the 1D-Var minimization is failed, the IASI data are not
assimilated (Hilton et al. 2009).

The trials are comprised of control and experiment runs.
Operational 183 IASI channels are used for the control run. In
the experiment run, those operational IASI channel data are
substituted with the new 200 IASI channel data suggested by
Noh et al. (2017). But O3 channels are removed from 200
IASI channels in the experiment run because of the same
reason for the operational system that ozone vertical profiles
are not specifically predicted in the UMmodel and instead are
replaced by its climatological values. In addition, shortwave
infrared channels in the IASI band 3 are used during the night
time only (solar zenith angle >95°) because of solar contam-
ination during the daytime. Overall the experiment run uses
189 channels amongst the new set of 200 IASI channels dur-
ing the nighttime but only 163 channels during the daytime.
Apart from different IASI channels, all the same baseline ob-
servations including ground-based and satellite observations
are used for both trial runs, which are listed in Table 1.

4 Results

4.1 Assessment of Precipitation Forecast

To stabilize the model initial condition generated throughout
the data assimilation process for the trial runs, sixteen days
(i.e., 15 June – 30 June 2015) were allowed for the spin-up.
Thus, accuracy of global precipitation forecast was evaluated
for two trial runs for a period from 1 July 2015 to 31
July 2015, using the TS and BS, defined in Eqs. (1) and (2)
respectively, as an evaluation index.

Threat Score TSð Þ ¼ Hits
HitsþMissesþ False Alarms

ð1Þ

Bias Score BSð Þ ¼ Hitsþ False Alarms
HitsþMisses

ð2Þ

BHits^ represents the intersection area of precipitation
between model forecast and reference data, BMisses^ is the

precipitation area in the reference data but missed by the mod-
el forecast. BFalse Alarms^ indicates the precipitation area in
the forecast, but not assigned as the precipitation area in ref-
erence data. Thus, TS has a value between 0 and 1, and higher
(lower) value represents better (poorer) forecast performance
for each trial run. The BS is the ratio of horizontal extent of
precipitation area in the forecast to the reference data, imply-
ing whether the forecast system has a tendency to underesti-
mate (BS < 1) or overestimate (BS > 1) the precipitation area
in the model forecast (Wilks 1995; Ahijevych et al. 2009).

For the calculation of TS and BS, either satellite-based
IMERG precipitation data or precipitation field from model
analysis can be used as a reference. Considering that the UM
4D-Var data assimilation system comprises an update cycle
with the assimilation time window from −3 to +3 h centered at
the T + 0 analysis time, the T + 0 analysis data are normally
considered as initial conditions, which are used as a reference
in this study. After the end of the data assimilation process at
each cycle, the hydrometeors related to the cloud/precipitation
are generated by the dynamical and thermodynamic system
embedded in the UM system, which is run from T-3 h to the
analysis time at T + 0 h (Field et al. 2011). Therefore, the
precipitation products at the analysis time can be used as a
reference, with the purpose of assessing the forecasted

Table 1 Observation types assimilated in the UMl used in this study.
See the Appendix for explanation of acronyms

Observation type Platform

AMDAR Aircraft

AIREP Aircraft

PILOT Sonde

Dropsonde Sonde

Wind profiler Sonde

SYNOP Land surface

BUOY Sea surface

SHIP Sea surface

AIRS radiances Aqua

AMSU-A/MHS radiances MetOp series, and NOAA series

AMVs (GEO) MSG series, GOES series,
MTSAT, and COMS

AMVs: MODIS Aqua and Terra

ATMS radiances S-NPP

CrIS radiances S-NPP

GEO radiances MSG series and COMS

GPSRO bending angle COSMIC, MetOp series/GRAS,
and GRACE

HIRS radiances NOAA series

IASI radiances MetOp series

Microwave imager sea surface wind Coriolis/Windsat

Scatterometer sea surface wind MetOp series/ASCAT

SSMIS radiances DMSP series
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precipitation. Precipitation rate is in mm h−1 and a threshold of
0.1 mm h−1 is used for discriminating Bprecipitation^ from
Bno precipitation^. In this study, the analysis domain is limited
within the 60°N–60S° as shown in Fig. 2, because IMERG-
produced global precipitation covers the 60°N–60S° domain.
As shown in Fig. 2, large amount of precipitation is intensive-
ly distributed over the ITCZ and East Asian monsoon regions
during the summer season of 2015.

Forecasts are first validated against observation data (ob-
servation verification) and results are shown in Fig. 3. Results
show that mean TS at T + 0 forecast hour is about 0.27 for
both control and experiment runs, and it decreases with longer
forecast time; for example, the TS values decrease around
0.22 at T + 48 forecast hour. The decreasing tendency with
forecast hour suggests that the precipitation forecast deterio-
rates with forecasting hour. Furthermore, TS values generally
smaller than 0.3 over all forecasting hours indicate that the
model forecasts are in lack of predicting exact locations of
precipitation area, against observations.

Validation is alsomade against the model analysis (analysis
verification) for the same mean TS value, and results show
that TS magnitudes are substantially larger than against satel-
lite observations. It is likely because of the fact that analysis at
each trial run is employed for evaluating its own forecast field.
It is noted that both runs (control and experiment run) show
little difference in TS, meaning that use of new set of IASI
channels for the data assimilation gives little improvement in
terms of the precipitation location.

Mean biases of two experiments against observation and
model analysis are calculated and mean BS values at forecast

hours between T + 0 and T + 48 for the control and the exper-
iment runs are shown in Fig. 4. The mean BS values against
observations for two trial runs are about 1.5 at T + 0 forecast
hour and these values increase with forecast hours; for exam-
ple, values are slightly larger than 1.6 at T + 48 h. The values
larger than 1.5 indicate that the UM model tends to overesti-
mate the total precipitation area by 150% to 160%, in com-
parison to the satellite-based precipitation area.

But it is noted that the mean BS values for the experiment
run are smaller than for the control run by about 1%–3%,
suggesting that the new set of IASI channels improves the
precipitation forecast in term of precipitation horizontal area.
In contrast, comparison against model analysis shows that the
mean BS values for the experiment run are slightly larger than
for the control run. It seems to be due to more overestimated
precipitation area in the analysis for the control, as shown in
the BS values against observations at T + 0 forecast hour.

We also examine forecast accuracy depending on the pre-
cipitation intensity, by dividing the precipitation intensity in
six ranges of 0.1–0.5, 0.5–1.0, 1.0–5.0, 5.0–10.0, 10.0–20.0
and > 20 mm h−1. Bias scores at these six ranges are given in
Fig. 5. With interest, the bias score is largely separated into
two types; BS for precipitation rate < 5 mm h−1 vs. BS for
precipitation rate > 5 mm h−1. Such BS difference suggests
that the UMmodel tends to overestimate the precipitation area
for the light precipitation cases (< 5.0 mm h−1) while under-
estimate the area for medium to heavy precipitation (>
5.0 mm h−1). One might think that it is associated with the
spatial resolution of the model used in this study (about
40 km). It is because more intense precipitation often occurs

Fig. 2 Spatial distribution of
monthly-accumulated precipita-
tion (mm month−1) for (a)
June 2015 and b July 2015 using
IMERG products

The Impact of a New Set of IASI Channels on the Unified Model Global Precipitation Forecast 49

Korean Meteorological Society



in an organized fashion such as in a form precipitation band,
and thus high-resolution model may be necessary to resolve
the heavy precipitation event. However, considering the find-
ing that even higher resolution UM models (i.e., N512 L70
(about 25 km) and N768 L70 (about 17 km)) also show the
similar contrast (Oh et al. 2015), the current result suggests
that the UM model tends to overpredict the light precipitation
area while underpredict the heavier precipitation area.

Since the total precipitation area is largely modulated by
the area showing the light precipitation, the overall overesti-
mate of the total precipitation area described in Fig. 4 is likely
due to the overestimated light precipitation area. In addition,
the increasing trend of BS values with forecast hour is also
shown in the light precipitation area, not heavy precipitation
area. Thus, the better accuracy of precipitation area for the
experiment run (in Fig. 4) is likely due to the improved light
precipitation area especially weaker than 5 mm h−1

(shown in Fig. 5). Because the difference between two
trial runs using the UM data assimilation system is a set
of IASI channels used in their data assimilation process,
the reduction of overestimated light precipitation area
can be attributed to new selected IASI channels used
in the experiment run.

4.2 Assessment of Environmental Moisture Field

As noted in Han et al. (2016) of the hurricane forecasting, the
improved surrounding environmental field can enhance the
accuracy of the precipitation forecast. In this context, we as-
sume that the improved precipitation forecast shown in Fig. 4
may be attributed to the improved environmental field.
Considering that there is no difference of model physics of
cloud and precipitation for two trial runs and the hydrometeors
in the model are not directly updated in the assimilation pro-
cess, this assumption is believed to be reasonable. Here we
expect improved moisture field because the more accurate
moisture distributions are at least necessary condition for the
better precipitation forecast, and assess how moisture fields
might be improved from the use of new set of IASI channels.

In order to assess the change in moisture field from the use
of new IASI channels, mean differences in relative humidity
and mixing ratio profiles of analysis field between two trial
runs (experiment run minus control run) are compared, which
were obtained by taking average of 1 July to 31 July 2015
(Fig. 6). In Fig. 6, it is shown that the initial condition for the
experiment run is drier over the nearly entire troposphere ex-
cept 500 hPa – 600 hPa levels, compared to for the control

Fig. 3 TSs of global precipitation
forecast for the UM at the KMA
for a period from 1 July −31
July 2015. Red and blue
lines indicate the control and
experiment runs, respectively.
Solid and dashed lines represent
the validation results using the
observation and analysis data
produced at each trial run, as a
reference

Fig. 4 BSs of global precipitation
forecast for the UM at the KMA
for a period from 1 July −31
July 2015, using the observation
data as a reference. Red and
blue lines indicate the control and
experiment runs, respectively.
Solid and dashed lines represent
the validation results using the
observation and analysis data
produced at each trial run, as a
reference
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run. Even though large difference in relative humidity appears
in the upper troposphere (100 hPa – 500 hPa) rather than in the
lower troposphere (600 hPa – 1000 hPa), the difference in
mixing ratio is larger in the lower layers. However, this com-
parison results only indicate that the moisture field of initial
state for the experiment run is relatively dryer than for the
control run. Thus, we made an attempt to validate the moisture
field of initial condition for two trial runs using independent
satellite-based moisture products.

In order to evaluate the moisture field of the model initial
condition (analysis), the satellite-based TPW data as a refer-
ence are used. The collocated data were made by matching
MiRS retrieved TPW data within the collocation time window
from −30 to +30 min centered at the UM model analysis time
(i.e., 0000 UTC and 1200 UTC) over the region within the
60°N–60S°. The time series of the mean TPW bias for two
trial runs against the satellite-based TPWare shown in Fig. 7.
Positive biases are consistently found at both trial runs for a
period from 1 July to 31 July 2015, but the bias for the exper-
iment run is significantly reduced by an average of 38% as
compared to for the control run. The reduction of TPW bias is
mainly induced by the decrease of moisture content in the
lower troposphere below 650 hPa level for the experiment
run, as shown in Fig. 6b. Consequently, considering that the
precipitation is a product of the condensation of water vapor in
the air, the decreased moisture content of initial condition for
the experiment run seems to lead to the reduction of light
precipitation area (< 5.0 mm h−1) in the model forecast. The
improved moisture field of initial condition is mainly attribut-
ed to the additional H2O channels in the IASI band 3 (2000–
2760 cm−1) used during the night time only, which are not in
the operational 183 channels - see Fig. 4 of Noh et al. (2017).
In particular, the H2O channels over 2000–2050 cm−1 absorp-
tion band have low weighting function peak in the tropo-
sphere, providing additional water vapor information in the
lower troposphere where most moisture content exists.

However, considering that the operational 183 chan-
nels also include the low-tropospheric H2O channels, it
is not logical to claim that the improved model moisture
is simply due to the added low-tropospheric H2O chan-
nels. Thus, we further examined the bias correction pro-
cess in which the observed radiances are corrected. As a
result, it is found that the low-tropospheric H2O chan-
nels in the new channel set have different bias correc-
tion coefficients compared with the H2O channels in the
operational channel set. As explained in Section 3, the
statistic bias correction suggested by Harris and Kelly
(2001) is used as a bias correction scheme in the UM,
which is employed to remove the bias errors including
the instrument errors and uncertain radiative transfer
modelling. A linear bias predictor model is defined in
Eq. (3).

b ¼ β0 þ ∑
N

i¼1
βipi ð3Þ

where β0 indicates the constant component of bias b
and βi are the bias correction coefficients of the predic-
tors pi associated with the channels. The subscript i
denotes the number of predictors (i.e., i = 1,2…N). In
the UM, the geometric thicknesses of the 850–300 hPa
and 200–50 hPa are used as predictors. The correction
coefficients (βi) and constant component (β0) are pre-
defined by regressing the first-guess departure to the
model predictors. In this scheme, it is assumed that
the model background (i.e., 6-h forecast) is unbiased,
meaning that the most of biases originate from the ob-
servation error and systematic errors (e.g., uncertainty of
radiative transfer modeling). However, the background
field from current model can be biased, so the model
bias can be also merged in the constant component (β0)
in a form of satellite radiance in the process of
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computing the bias correction coefficients. In practice, it
is quite difficult to separate the contribution of model
bias from the estimated biases. But, because the IASI
sensor is known as a well-calibrated sensor and the
performance of radiative transfer modeling has signifi-
cantly improved, the bias pattern of model background
can be diagnosed from the pre-defined β0.

Considering that the model background has a humid bias in
the troposphere, as shown for the TPW validation (Fig. 7), it is
expected that the β0 for lower-tropospheric H2O channels
have positive values, because the simulated background radi-
ances tend to decrease with the moisture amount in the tropo-
sphere. These positive β0 are shown for most lower-
tropospheric H2O channels except three channels (Fig. 8).

52 Y.-C. Noh et al.

Korean Meteorological Society

(a)

Relative humidity (%)

-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0

Pr
es

su
re

 (h
Pa

)
100

200

300

400

500

600

700

800

900

1000

(b)

Mixing ratio (g/kg)

-0.12-0.10-0.08-0.06-0.04-0.02 0.00 0.02 0.04 0.06

100

200

300

400

500

600

700

800

900

1000

Fig. 6 Mean difference of (a) relative humidity (%) and b mixing ratio
(g kg−1) for analysis between control run and experiment run for a period

from 1 July −31 July 2015. Horizontal bars representing one standard
deviation are overlaid

20150701T00

20150702T00

20150703T00

20150704T00

20150705T00

20150706T00

20150707T00

20150708T00

20150709T00

20150710T00

20150711T00

20150712T00

20150713T00

20150714T00

20150715T00

20150716T00

20150717T00

20150718T00

20150719T00

20150720T00

20150721T00

20150722T00

20150723T00

20150724T00

20150725T00

20150726T00

20150727T00

20150728T00

20150729T00

20150730T00

20150731T00

T
PW

 b
ia

s (
kg

/m
2 )

-0.5

0.0

0.5

1.0

1.5

# 
of

 c
ol

lo
ca

tio
n 

da
ta

0

5000

10000

15000

20000
CNTL
EXP
# of data

Fig. 7 Time series of mean TPW biases between model forecasts and satellite-retrieved data for a period from 1 July −31 July 2015. Red and blue lines
indicate the control and experiment runs. Vertical bars represent the number of collocated data between model forecast and observation data



Using the operational channels, the humid bias of model
background could not be corrected by the assimilating
the lower troposphere H2O channels, as the signal of
model humid bias is eliminated by the bias correction
process using positive β0 (Fig. 8a). However, as shown
in Fig. 8b, two of newly selected H2O channels (corre-
sponding to channel wave numbers 2014.75 and
2015.50 cm−1) have negative β0 values, which result from
the combination of biases from unknown sources.
Consequently, assimilating two H2O channels with dif-
ferent bias correction coefficients seems to contribute to
reducing the humid bias of model moisture, compared with
using the operational channels.

It is also interesting to note that, although the TPW bias for
the experiment run is smaller than for the control run, the
initial conditions for two trial runs still have humid
biases (up to 1.5 kg m−2). The bias pattern of moisture
field might be attributed to the model spatial resolution

used in this study (about 40 km) because simulated
moisture processes (e.g., evaporation, convection, precipita-
tion, and cloud) in the model significantly vary depending on
the model resolution (Sperber et al. 1994; Phillips et al. 1995;
Hertwig et al. 2014; Rashid and Hirst 2016). Thus, to investi-
gate the resolution-dependency of moisture bias, the moisture
field of initial condition from the operationally used global
UM system with a high spatial resolution of N768 L70 (about
17 km) is validated against the MiRS TPW data for a one-year
period (1 July 2016 – 30 June 2017) (Fig. 9). Similar to the
results shown in Fig. 7, the operational UM model
tends to overestimate the moisture field with a humid
bias by a maximum of about 2.0 kg m−2 for a summer
period (July – August 2016). In addition, it is noted that
weak humid biases are still shown in other seasons except
summer season, suggesting that the global UM system tends
to overestimate the moisture field overall regardless of the
model horizontal resolution.

Fig. 8 The constant component
of bias (β0) for IASI H2O
channels. Blue and red circles
indicate the operational H2O
channels and the newly selected
channels, respectively
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In summary, humid bias of moisture field in the
model is significantly reduced by assimilating new se-
lected IASI channels, leading to the reduction of the
overpredicted precipitation area in the model forecast.
Considering that a set of IASI channels used in the data
assimilation system are only difference between two tri-
al runs, the improved precipitation forecast seems to be
attributed to the use of different H2O channels in the
new set of channels, which are sensitive to the water
vapor in the troposphere.

5 Summary and Conclusions

In a recent study, Noh et al. (2017) introduces a new set of
IASI channels assimilated in the UM system, which signifi-
cantly reduces large positive humidity bias in the troposphere
shown in the operational UM forecast with the operational
IASI channels. With the consideration of the fact that moisture
in the air becomes water droplets and ice crystals, leading to
the formation of cloud and precipitation, the improved mois-
ture field with new channels might also contribute to enhanc-
ing the precipitation forecast in the model. Thus, in this study,
we further attempt to assess the impact of a new set of IASI
channels on the precipitation forecast in the UMglobal model,
compared to the operationally used channels. Two trial exper-
iments are conducted for a summer period from 15 June to 31
July 2015, using the global UMdata assimilation system at the
KMA. Operational 183 IASI channels are assimilated in the
control run. In the experiment run, these IASI channels are
substituted with newly selected IASI channels suggested by
Noh et al. (2017). Except for the IASI observations, same
baseline observations are used for two trial runs.

The TS values, as an indicator in terms of precipita-
tion location accuracy, are little different between two
trial runs and decrease with forecast hours for both
runs. For the BS results, two trial runs have large pos-
itive biases increasing with forecast hours, which are
evident ly shown in the l ight prec ip i ta t ion area
(< 5.0 mm h−1). However, positive biases of BS significantly
decrease in the experiment run, in particular, in the light pre-
cipitation area, meaning that the overestimated precipitation
area in the model forecast is reduced by assimilating new IASI
channels in the UM system.

In the validation of moisture content in the model
initial condition, it is found that large humid bias is
shown in the control run but for the experiment run
the positive bias significantly decreases. Thus, based
on the fact that the precipitation is a product originating
from the atmospheric moisture, the reduction of
overestimated precipitation area in the model forecast
area seems to be attributed to the improved moisture
field in the model initial condition. Furthermore, be-
cause the difference between two trial runs is only a
set of IASI channels assimilated in the UM system,
the improved precipitation forecast seems to be due to
additional H2O channels in the newly selected channels,
conveying the moisture information in the troposphere.
In particular, two channels of added low-tropospheric
H2O channels have different bias coefficients compared
with operational H2O channels, mainly leading to the
reduction of model humid bias in the troposphere.
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Fig. 9 Time series of mean TPW
biases between operational UM
(N768 L70) analysis at the KMA
and satellite-retrieved TPW prod-
ucts for a period from 1
July 2016 – 30 June 2017. Solid
and dashed lines indicate the four-
days-running-mean bias and the
daily mean bias, respectively
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