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1. Introduction

A correct forecast of precipitation occurrences and 
the rainfall amount is demanded because rainfall in-
formation is important in various fields such as agri-
culture and water resource management as well as a 
weather forecast. More detailed information about 
the thermodynamic structure of the atmosphere (up 
to 10 km height) is required for the specific precip-
itation forecast. Ordinary upper-air observation per-

formed by a radiosonde only 2 times (0000, 1200 
UTC) a day is not sufficient to monitor atmospheric 
structures vertically for a short-term forecast because 
precipitation systems develop rapidly (Güldner and 
Spänkuch, 1999). 

To observe continuously the atmosphere in the 
boundary layers for various reasons, for example, a 
short-term weather forecast and air pollution control, 
many previous studies have used various remote 
sensing instruments such as the wind profiler, radar, 
lidar, and MWR even if it is common knowledge that 
they have uncertainty (Clifford et al., 1994; Güldner 
and Spänkuch, 2001; Wilczak et al., 1996). 
Specially, the MWR in the advantage of continuous 
monitoring has been widely and successfully oper-
ated to cover the temporal and spatial gaps of synoptic 
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networks by radiosonde measurements. The MWR 
is also less restrictive in observation than the geosta-
tionary satellite which cannot scan the same regions 
continuously as the rotation of the earth. Guiraud et 
al. (1979) also indicated that ground-based micro-
wave radiometer data can be used to monitor precipit-
able water vapor (PWV) better than conventional ra-
diosonde data.

Developed countries and universities in numerical 
forecast fields, for example, University of Oklahoma, 
USA and McGill University, Canada, have carried 
out various experiments with the radiometric sound-
ings in numerical weather forecast and severe weath-
er nowcasting. Ware et al. (2003) compared radio-
metric profiles with radiosonde and forecast sound-
ing in the evaluation of the accuracy of radiometric 
temperature and water vapor soundings and further 
described a case study which showed the improved 
fog forecasting on the basis of variational assim-
ilation of radiometric soundings. Chan and Tam 
(2005) presented the performance and application of 
an instability index (K-index) derived from the 
MWR for the nowcasting of heavy rainfall and thun-
derstorms during a field experiment conducted in 
Hong Kong. Several studies have also been made to 
analyze the continuous profiles and physical varia-
bles retrieved from the MWR. For examples, 
Barbaliscia et al. (1998) discussed the cumulative 
distributions of the TB as well as those of the in-
tegrated water vapor (IWV) and the liquid water con-
tent (LWC) retrieved via the radiometric measure-
ments for 4 years in Italy. The analysis was performed 
for various time bases: years, months, and hours of 
the day. Doran et al. (2002) also examined the differ-
ences in cloud liquid water path (LWP) at a coastal 
and an inland location on the north slope of Alaska 
using the MWR data.

The PWV retrieved from the MWR measurements 
in Daegwallyeong has been compared with that of 
Global Positioning System (GPS) (Ha et al., 2007) 
and that of radiosonde measurements (Chang et al., 
2007). Yang et al. (2006) validated PWV from the 
MWR by comparing with that of radiosonde ob-
served during 2001-2003 and presented the seasonal 
biases of PWV between the MWR and radiosonde 

measurements.
Güldner and Spänkuch (1999) showed increases 

in parameter of LWC and PWV in 2 hours before 
raining. These findings encouraged us that there is an 
ample hope for short-term local precipitation fore-
cast by using the MWR. Also, Liu et al. (2001) used 
the radiometry data to establish an algorithm for the 
estimation of the rainfall intensity and to find the opti-
mal time period for comparing with rain gauge data.

In this study, the predictability of precipitation oc-
currences and the estimation of rainfall intensity us-
ing the TBs from the MWR in the NCIO located at 
Haenam (34.55°N, 126.57°E), Korea are inves-
tigated and the performances and applications of the 
MWR as a tool for short-term precipitation forecasts 
are discussed.

This paper is organized as follows: the overview 
and specification of a ground-based microwave ra-
diometer is described in section 2. The methods, re-
sults and verification for the predictability of precip-
itation occurrences and the estimation of rainfall in-
tensity are presented in section 3 and section 4, 
respectively. Summary of this study is presented in 
section 5. 

2. Ground-based Microwave Radiometer 

The Automatic Weather System (AWS), Automatic 
Balloon Launcher (ABL or Autosonde), Wind pro-
filer (WPR), ORG, and Micro Rain Radar (MRR) for 
the ordinary and intensive observation in the Haenam 
NCIO are being operated by National Institute of 
Meteorological Research (NIMR) (Meterological 
Research Institute, 2003, 2004, 2005, 2006). The 
MWR (TP/WVP-3000A) has been installed in the 
Haenam NCIO on 22 August 2007 and is being oper-
ated to provide the profiles of temperature, relative 
humidity, water vapor, and liquid water in real-time 
as a key instrument of the high-impact weather ob-
serving system for severe weathers.

The MWR measurements are mainly available in 
the clear and cloudy but not in the rainy weather con-
ditions because water beads on the outer housing 
(radome) make less accurate in radiometric meas- 
urements. Recently, however, there are some prog-
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ress in applying rain-effect mitigation methods to the 
MWR such as a hydrophobic radome and forced air-
flow over the radome surface. An equipment named 
the ‘superblower’ is mounted in the MWR at the 
Haenam NCIO and is used to sweep water beads and 
snow away from the rain sensor which is mounted on 
the top of the blower system. The ambient temper-
ature and relative humidity sensors are integrated in 
the inlet of the blower system to ensure a steady flow 
of ambient air over the sensors, which is commensu-
rate with Chan and Tam (2005) result that MWR 
shows good performances in the subtropical heavy 
rainfall (30 mm h-1). Further details of performance 
of the MWR at the Haenam NCIO in rainy weather 
conditions are shown in Jeon et al. (2008). 

In short, the instrument specification and the op-
erational theory of the MWR of the Haenam NCIO 
are presented in Table 1 and Fig. 1, respectively. It 
measures the intensity of the atmospheric radiation 
at 8 water vapor channels (K-band) and 14 oxygen 
channels (V-band) along with zenith infrared, and 
then the TBs (Level 1 data) are converted via Planck's 
Law. Historical radiosondes and neural network 
methods are used for profile retrieval (Level2 data). The 
surface meteorological measurements (temperature, 

relative humidity, pressure) and infrared ther-
mometer (IRT) measurements are also required for 
determination of temperature, water vapor, and liq-
uid water profiles (Fig. 1a) (National Institute of 
Meteorological Research, 2007).

The microwave profiling methods make use of at-
mospheric radiation measurements from 20 to 60 
GHz region. The zenith path atmospheric absorption 
spectrum at sea level for a typical mid-latitude atmos-
phere with a 1 km thick, 0.5 g m-3 cloud in the fre-
quency band is shown in Fig. 1(b). Two altitudes and 
two water vapor densities are shown as well as radio-
meter tuning bands, marked by bold lines. The fea-
ture at 22.2 GHz is a water vapor resonance that is 
pressure broadened according to the pressure alti-
tude of the water vapor distribution, while the feature 
at 60 GHz is an atmospheric oxygen resonance. The 
cloud liquid water spectrum increases approx-
imately with the second power of frequency in this 
region. Then, temperature profiles can be obtained 
by measuring the spectrum of radiation intensity or 
TB at points along the side of the oxygen feature at 
60 GHz, water vapor profiles by observing the in-
tensity and shape of emission from pressure broad-
ened water vapor lines, and cloud liquid water pro-
files by combining 22 to 30 GHz and 51 to 59 GHz 
turning bands utilized by the MWR at the Haenam 
NCIO (Solheim et al., 1998).

The MWR at the Haenam NCIO uses the neural 
networks method to determine thermodynamic pro-
files because neural networks outperform other meth-
ods for retrievals (Solheim et al., 1998; Radiometrics 
Corp., 2007). Meanwhile, Kim and Baik (2002) 
proved that the neural network model improves upon 
the regression model. The reason for the improve-
ment of the neural network model upon the multiple 
linear regression model is that the neural network has 
an internal ability to take complex nonlinear inter-
action into account. This ability is achieved by in-
cluding the nonlinear activation function in the neu-
ral network. The above results indicate that it might 
be possible to develop a multiple nonlinear re-
gression model that competes with a neural network 
model if a nonlinear functional relationship is well 
chosen. The neural networks are derived using the 

Table 1. Instrument specification.

Function or Parameter Specification 
Frequencies 

water vapor band
22 - 30 GHz
22.2, 22.5, 23.0, 23.8,
25.0, 26.2, 28.0, 30.0,

oxygen band

51 - 59 GHz
51.2, 51.7, 52.2, 52.8,
53.3, 53.8, 54.4, 54.9,
55.5, 56.0, 56.6, 57.2,
57.9, 58.8

minimum frequency step size 4.0 MHz
Pre-detection channel 
bandwidth 300 MHz
Antenna system optical 
resolution and side lobes

22-30 GHz 4.9 - 6.3° -24dB
51-59 GHz 2.4 - 2.5° -27dB

Integration time 0.01 to 2.5 seconds
Physical properties 

size (H × W × L) 50 × 28 × 76 cm
weight 29 kg
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Stuttgart Neural Network Simulator (SNNS) and a 
history of radiosonde profiles. A standard back- 
propagation algorithm is used for training and a 
standard feed-forward network is used for profile 
determination. Five-year radiosonde data at Gwangju 
site (35.11°N, 126.81°E) in the same climatological 

region were used as the historical radiosonde 
soundings. Above approximately 7 km, atmospheric 
water vapor density and temperature approach to the 
climatological mean values. Profiles are set to a total 
of 58 levels up to 10.0 km: precisely, 50 m levels from 
the surface to 0.5 km, 100 m levels from 0.5 km to 

(a)

(b)

Fig. 1. (a) The receiving/processing data procedure of the MWR (Radiometrics TP/WVP-3000A) at the Haeanm NCIO 
and (b) the vertical distribution of atmospheric absorption spectrum [from Solheim et al. (1998)].
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2.0 km, and 250 m levels from 2.0 km to 10.0 km.
Because PWV and LWC profiles (Level 2) are re-

trieved from TBs data (Level 1) using historical ra-
diosondes and neural network methods, TBs as a 
primitive parameter would be more accurate than 
PWV and LWC. Therefore, TBs data are used in this 
study instead of the retrieved profiles such as PWV 
and LWC. 

3. Predictability of precipitation occurrences 
    and its verification

To investigate the predictability of precipitation 
occurrences, first, Rain Events were selected using 
15-minute moving-accumulated rainfall data by 
AWS (15-min AWS rainfall data) at the Haenam 
NCIO. If a Rain Event reoccurred in the interval of 
2 hours after the termination of the previous Rain 
Event, it was regarded the same as the previous Rain 
Event. When the time interval of TB difference is 
chosen to be shorter than 2 hours, preceding time to 

predict the precipitation occurrences could not be 
ensured. If the larger time intervals than 2 hour (3, 
6, 12, 24, etc.) were considered, only a few number 
of Rain Events were included in this study. So, the 
2-hour interval is used in this study as in other liter-
ature (Güldner and Spänkuch, 1999). 

Now, two datasets, RR (Rain Record) and NR 
(No-rain Record), were created to examine the 
changes of TBs before raining. RR is comprised of 
TBs data from MWR in the interval of 2 hours before 
each Rain Event. To eliminate seasonal dependence 
and weekly cycle of both data sets (RR and NR), NR 
data set was selected at the same time in correspond-
ing time period of 7 days later. Then TBs data were 
excluded from NR if it rained during the 2-hour inter-
val, which makes NR be no related with rain (Fig. 2). 
As a result, the sample number is as many as 102 and 
91 respectively from 23 August 2007 to 30 June 2008 
(about 10 months). 

Fig. 3 shows the accumulated rainfall amount of 
each Rain Event. The accumulated rainfall amount 

Fig. 2. A brief diagram for the definition of the Rain Events, RR (Rain Record), and NR (No-rain Record) data set. The 
shaded triangles and boxes mean 15-min AWS rainfall (mm) and 2-hour intervals for RR and NR, respectively. RR 
is comprised of TBs data in 2-hour interval before raining and NR is at the same time after 7 days except for raining.
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in autumn, 2007 is greater than that in summer. For 
the accumulated rainfall amount per a Rain Event, 
however, it is revealed that the accumulated rainfall 
amount per a Rain Event is larger in summer (15 mm 
per event)) than in autumn (5 mm per event) even 
if heavy rainfall event by a typhoon "NARI" also 
occurred in fall, 2007. It generally rained a little in 
winter and there are two snowfall events (not 
shown).

The differences of TBs between 2-hour before 
raining (-2 h) and each time (t, -2.0 h ≤ t < 0.0 h) 
in RR and NR are calculated, respectively and the 
averaged differences of RR and NR at 10 channels 
are presented in Fig. 4. In RR concerned with Rain 
Events, the averaged difference gradually increases 
and the remarkable jump in 30 minutes before raining 
(-0.5 hour before raining) is shown while there is no 
difference of TB in NR (unrelated with rain). These 
results are similar to the substantial increase of re-
gression lines of PWV and LWC deviations from 
2-hour mean in the last 30-minute subinterval shown 
by Güldner and Spänkuch (1999). In comparison 
with the averaged differences of TB according to 

each frequency, the great increases are observed be-
fore raining at water vapor band (22-30 GHz) while 
the averaged differences of TBs from 54 to 59 GHz 
in V-band channels are almost remaining except for 
the prominent increases at 51-52 GHz related to 
cloud liquid water. These results imply that the chan-
nels from 54 to 59 GHz are not suited for the forecasts 
of precipitation occurrences. When the same method 
calculating the differences of TBs before raining was 
applied to PWV and LWC, the averaged differences 
of PWV and LWC similarly appeared before raining. 
But they are not enough for the forecasts of precip-
itation occurrences in comparison with those of TBs 
(not shown). 

The mean and standard deviation of TBs in Rain 
Events and No Rain Events (hereafter, by defining 
when 0.0 mm rainfall is detected from 15-min AWS 
rainfall data) were also calculated to discuss the char-
acteristics of TB distributions (Fig. 5). From 54 to 59 
GHz, the differences in the mean value of TBs be-
tween Rain Events and No Rain Events are only a little 
about 6.5 K and standard deviations are smaller than 
mean values of TBs. It means that the unchanged TBs 

Fig. 3. Accumulated rainfall amount of each Rain Event during the period from 23 August 2007 to June 30 2008. The 
vertical bars mean the accumulated rainfall of each Rain Event and are distinguished into each season. A heavy rainfall 
event is marked by typhoon symbol ( ). 
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at these frequencies are unrelated to precipitation 
phenomena. The differences in the mean value of 
TBs between Rain Events and No Rain Events at 
22-30 GHz are more or less large and the standard de-

viations are mainly large. That means that TBs at the 
V-band are widely distributed. Frequencies in 30.0 
GHz and 51.2 GHz have the greatest differences in 
the mean value of TBs between Rain Events and No 

(a) RR

(b) NR

Fig. 4. The averaged differences of TB between 2-hour (-2 h) before raining and each time (t) at each frequency for (a) 
102 records in RR and (b) 91 records in NR, respectively. The x-axis of each chart means the time before precipitation 
occurrences.
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Rain Events at the K-band and V-band, respectively, 
which are the same channels showing the large differ-
ences of TBs before raining. 

Based on the averaged differences of TBs before 
raining and the distributions of TBs (Figs. 4 and 5), 
three channels are selected to predict precipitation 
occurrences. Two channels, 30.0 GHz and 51.2 GHz, 
showing the biggest averaged differences of TB be-
fore raining and the largest differences in the mean 
value of TBs between Rain Events and No Rain Events 
are selected as factors for the forecasts of precip-
itation occurrences. Frequency 22.2 GHz is also used 
as a factor since this frequency shows the least value 
in the averaged difference of TBs before raining in 
the whole K-band. These three channels should en-
sure the maximum and minimum differences of TBs 
before raining, and therefore they are used as factors 
to predict precipitation occurrences. The lagged corre-
lation between the differences of TBs and rainfall 
amount in each Rain Event is calculated to examine 
when the rainfall phenomena are mostly concerned 
with the differences of TBs before raining, and then 
to determine thresholds in differences of TBs. Fig. 
6 shows that the lagged correlation coefficients at 
three channels gradually increase in 2 hours and the 
abrupt increases appear in 30 minutes before raining, 

which shows the same results with the averaged dif-
ference of TBs (Fig. 4a). Lagged correlation co-
efficients reach to their peaks at the last 10-minute 
before raining, which are 0.62, 0.67, and 0.75 at 22.2 
GHz, 30.0 GHz and 51.2 GHz, respectively. Based on 
this statistical analysis, the differences of TBs at the 
last 10-minute before raining are used as thresholds 
for the forecasts of precipitation occurrences. 
Threshold values are 18 K, 30 K, and 35 K at 22.2 GHz, 
30.0 GHz, and 51.2 GHz, respectively. 

Also, variations of TBs are defined as the differ-
ences of TBs between before 2-hour and every mi-
nute and calculated at three channels in whole period 
from 23 August 2007 to 30 June 2008. Some exam-
ples of the variation of TBs are presented in Fig. 7. 
According to the rain contingency table (Wilks, 
1995) consisting of dichotomous forecasts, "yes" 
and "no", about occurrences of any phenomena 
(Table 2), "Hit" indicates that the precipitation is ob-
served by AWS when precipitation occurrence is pre-
dicted, and "Miss" does when not predicted. "False 
Alarm" represents that precipitation occurrence is 
predicted when the precipitation is not occurred (Fig. 7).

From 23 August 2007 to 30 June 2008, forecasts 
of precipitation occurrences were performed by us-
ing the variations of TBs and evaluated by the several 

Fig. 5. The mean and standard deviation of theTBs at each frequency of Rain Events (filled bars) and No Rain Events 
(lined bars). The gray and white bars represent statistical value (mean and standard deviation) of Rain Events and No 
Rain Events, respectively.
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verification indices, which are summarized in Table 
3. Fig. 8 shows the performance of MWR in compar-
ison with that of 3-hour operational forecasts which 
mean the 3-hour interval operational forecasts of pre-
cipitation occurrences during next 3 hours. To elimi-
nate the difference of forecast time interval between 
MWR and 3-hour operational forecasts capacity, the 
3-hour interval MWR related forecast and the opera-
tional forecast issued at Wando observatory (34.40°N, 
126.70°E) are compared during the period from 
August 2007 to June 2008 and shown in Fig. 8a. 
Judging from smaller BIS, FAR and larger CSI by us-
ing TBs from the MWR, the MWR is capable of  hav-
ing better performance than 3-hour operational 
forecasts. While the POD by the MWR is rather 
smaller than that by operational forecasts, the POD 
according to the accumulated rainfall amount is cal-
culated (Fig. 8b). When the accumulated rainfall is 

less than 3.0 mm, the POD is less than 0.4. This result 
supports that forecasts by the MWR are unavailable 
for light rainfall (less than 0.3 mm). However, the 
POD of the Rain Events more than 3.0 mm almost 
reaches over 0.8. The performance of the MWR in-
dicates that there is the predictability of the precip-
itation occurrences using the variations of TB from 
the MWR.

4. Estimation of rainfall intensity and its 
    verification 

Two estimation methods for the rainfall intensity 
are examined by a good relationship between the 
rainfall intensity and TBs from a MWR (Liu et al., 
2001). This study is not focused on which method is 
better, but an application of two methods to the MWR 
at the Haenam NCIO and its performances. 

The first method (RIE1) determines the relation-
ship between 1-hour changes in rainfall intensity and 
TBs because the TBs in microwave frequency are in-
fluenced by the precipitation. RIE1 can be written as 
follows: 

Fig. 6. The lagged correlation coefficient (r) between the differences of TBs in 2-hour interval before raining and rainfall 
amount in each Rain Event at three channels. The vertical line indicates the last 10-minute before raining.

Table 2. Rain contingency table.

Forecast
Yes No

Observation Yes H (hits) M (misses)
No F (false alarms) Z (zero)
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(a) HIT

(b) Miss

(c) False Alarm

Fig. 7. A brief diagram for forecasts of precipitation occurrences with the variation of TBs. (a) Hit indicates that the 
precipitation is observed by AWS precipitation occurrence is predicted. (b) Miss indicates that the precipitation is ob-
served by AWS when precipitation occurrence is not predicted. (c) False Alarm represents that precipitation occurrence 
is predicted when the precipitation is not occurred.
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R i= R i-1+　△R i                                   (1)
△R i = a+ b△TB i                                     (2)

                                                                            
where, R and i  are the rainfall intensity and the time 
index, respectively. a and b in Eq. (2) are the curve-fit-
ting coefficients. The 1-hour change in the rainfall 
intensity can be derived easily by substituting 1-hour 
change in the TB. The second one (RIE2) uses the re-
lationship between the TB and the instantaneous 
rainfall intensity as follows: 

R = a+ b ln (280 - TB)                           (3)

The rainfall intensity can be derived by substitut-
ing the observed TB into Eq. (3). The TBs at 30.0 GHz 
which changed greatly before raining in water vapor 
band are applied into Eqs. (1), (2), and (3). 

ORGs are not affected by any environmental fac-
tors which cause significant error with traditional 
rain and snow gauges and make observations of the 
rainfall intensity and the accumulated rainfall with 
high resolution in time. The instrument of ORG at the 
Haenam NCIO has higher resolution (0.001 mm) for 
the measurement of rain amount than that of tip-
ping-bucket gauge (conventional rain gauge) at the 
Haenam NCIO and also measures rainfall intensity 

Table 3. Summary of some indices for qualitative analysis of the rainfall.

Index Meaning Range Equation 

BIS
(Bias Score)

How did the forecast frequency of "yes" events 
compare to the observed frequency of "yes" 
events?

0 ~ ∞ BIS =
F+H
H+M

POD
(Probability of Detection)

What fraction of the observed "yes" events were 
correctly forecast? 0 ~ 1 POD =

H
M+H

FAR
(False Alarm Ratio)

What fraction of the predicted "yes" events ac-
tually did not occur? 0 ~ 1 FAR =

F
F+H

CSI
(Critical Success Index)

How will did the forecast "yes" events correspond
to the observed "yes" events? 0 ~ 1 CSI =

H
H+M＋F

ETS
(Equitable Threat Score)

The CSI adjusted for correct forecasts due to ran-
dom chance. -1/3 ~ 1

ETS =
H- R

H+M＋F - R

R =
(M + H)(F+H)
H+M+F+Z

H : Hit        M : Miss        F : False Alarm        Z : Zero        R : Random hit

(a) (b)

Fig. 8. (a) Qualitative analysis of the rainfall using the some indices (refer to Table 3) and (b) POD (Probability of 
Detection) according to the accumulated rainfall of each Rain Event. Black vertical bars and white-slashed bars  mean 
the forecast skills by the 3-hour operational forecast issued at Wando observatory and by the MWR at the Haenam NCIO, 
respectively.
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with high time resolution (10 seconds). That is the 
reason that rainfall intensity data from ORG are used 
in this study. On the basis of the previous studies 
(Chan and Tam, 2005), only the rainfall intensity data 
more than 0.3 and less than 30.0 mm h-1 are analyzed, 

though the superblower is attached to the MWR at the 
Haenam NCIO. A half of 10-month MWR and ORG 
data (23 August 2007 - 31 January 2008) are taken 
as training data to determine the curve-fitting lines 
for the coefficients in Eqs. (2) and (3) and the another 

(a) RIE1 (b) RIE2

Fig. 10. The relationship between the observed rainfall intensity and predicted rainfall intensity by the (a) RIE1 method 
and (b) RIE2 method.

(a) RIE1 (b) RIE2

Fig. 9. (a) The relationship between hourly changes in TB at 30.0 GHz and rainfall intensity using the RIE1 method. 
(b) is the same as (a) but for between TB and rainfall intensity using the RIE2 method. The sample number of the RIE1 
and RIE2 is 328 and 231, respectively.
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half of them (1 February 2008 - 30 June 2008) re-
mained to be used for the verifications.

Regression analysis results between the rainfall 
intensity from ORG and TBs from the MWR by RIE1 
and RIE2 are shown in Fig. 9. Coefficients of deter-
mination (R2) in RIE1 and RIE2 are 0.38 and 0.57, 
respectively. For RIE1 case, R2 is smaller than that 
of RIE2 because the 1-hour changes in rainfall in-
tensity could not catch up large 1-hour changes in 
TBs (±100.0 K). It seems that these errors may bring 
overestimation or underestimation of the rainfall 
intensity. In virtue of two deduced curve-fitting lines 
shown in Fig. 9, the forecast of the rainfall intensity 
is performed and the relationship between the ob-

served rainfall intensity by ORG and predicted one 
by TBs from the MWR is calculated and presented 
in Fig. 10. The correlation coefficient is 0.86 in RIE1 
and 0.88 in RIE2 and root mean square error (RMSE) 
is 2.90 mm h-1 and 2.46 mm h-1, respectively. Several 
verification indices (refer to Table 3) for the rainfall 
intensity are also calculated and their performances 
are presented in Fig. 11. The threshold values get 
smaller, the POD and ETS get larger, and FAR be-
comes smaller while BIS gets closer to 1. As a result, 
it is considered that both RIE1 and RIE2 are available 
methods for the successful and accurate forecasts of 
the rainfall intensity, moreover RIE2 method is better 
than RIE1.

(a) BIS (b) POD

(c) FAR (d) ETS

Fig. 11.(a) Bias Score (BIS), (b) Probability of Detection (POD), (c) False Alarm Ratio (FAR), and (d) Equitable Threat 
Score (ETS) at each threshold value by the RIE1 method (black bars) and RIE2 method (white-slashed bars).
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5. Summary

The MWR has being operated at the Haenam 
NCIO since 22 August 2007 and provided the con-
tinuous profilers (e.g., temperature, relative humid-
ity, water vapor, and liquid water) with high reso-
lution in time and space intervals. In this study, the 
predictability of precipitation occurrences and the 
estimation of rainfall intensity were investigated by 
using TBs via the MWR from 23 August 2007 to 30 
June 2008 (about 10 months).

The Rain Events were selected by 15-min AWS 
rainfall data and then RR (Rain Record) and NR 
(No-rain Record) were created to examine the 
changes of TBs in 2-hour interval before raining at 
each frequency. The sudden increase in the variations 
of TB at 22-30 GHz (K-band) and 51-52 GHz in 
V-band was derived from the increase of the water 
vapor and cloud liquid water in atmosphere before 
raining. Based on these features, the variations of 
TBs at three channels of 22.2 GHz, 30.0 GHz, and 
51.3 GHz were used to predict precipitation occur-
rences and then their performances were compared 
with the 3-hour operational forecasts issued at Wando 
observatory. Forecasts of precipitation occurrences 
using the MWR totally showed improved perform-
ances with smaller  BIS, FAR and larger CSI than 
3-hour operational forecast skills except for poor 
POD in less than 3.0 mm. It implies that precipitation 
occurrences can be predicted using the variations of 
TB from the MWR.

The estimation of the rainfall intensity was exam-
ined by using the close relationship between the rain-
fall intensity and TB of the MWR. Two methods of 
regression such as linear and logarithmic methods 
(RIE1 and RIE2) were applied to the MWR and ORG 
in the Haenam NCIO. A half of 10-month data were 
used for estimation of the regression curves and the 
remaining half of them were used for the forecasts 
of rainfall intensity and verifications. The correlation 
coefficients between the observed and the predicted 
rainfall intensity were 0.86 in linear regression 
(RIE1) and 0.88 in logarithmic regression (RIE2). 
Calculated BIS, FAR, POD, and ETS also showed no-
ticeably improved performances for the forecasts of 

the rainfall intensity by the MWR. These results sug-
gest that both RIE1 and RIE2 using the TBs of the 
MWR are reasonable methods for the estimation of 
the rainfall intensity and the performance of non-
linear regression method is better than that of linear 
one. 

This investigation found that the MWR can be a 
key instrument to support the improved performance 
in the predictability of the precipitation occurrences 
and the estimation of rainfall intensity. This study al-
so expands the flexibility of observations for im-
provement of the data assimilation in dynamic and 
thermodynamic fields together with wind profilers.
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