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Abstract: To investigate the characteristics of rainstorm clouds to local precipitation we analyzed 19 typical cases of rainstorm
process in the Eastern Qinghai-Tibetan Plateau from four hours before precipitation to two hours after based on the cloud-top t
emperature data of FY2 infrared channels. Two patterns were found and the first was the trend of temperature at the 7 x 7 pixels
region centered at automatic meteorological stations and the second was the analysis of convection parameters through identification
and tracking convective clouds. In addition the characteristics of radar echo of rainstorm clouds were also analyzed. In this p

aper the maximum temperature gradient on cloud top is represented as G the maximum amplitude of G, within the half-hour is

max max

and the minimum temperature on cloud top is denoted by T’

min *

expressed in AG We found that the variation trend of cloud-top

temperature and temperature gradient at infrared channels were consistent and the cloud-top temperature showed a decrease before
n and AG_happened about
0 to 11 hours earlier than the heavy precipitation. The multiple regression equation for forecasting precipitation grade was construc—
ted by T . and G

rain and the error of hourly precipitation is within one grade of precipitation. The R* of regression improved from 0. 23 to 0. 54

increase while the temperature gradient was the opposite in precipitation stage. One or two peaks of G

It showed that the model can well simulate the tendency of hourly precipitation and can also predict heavy

max *

and the precipitation peak can be better modeled after considering the contribution of G, peak. The new algorithm of clouds identi—

fication and tracking is more simple and effective than other methods. All rainstorm cloud clusters over eastern Plateau are at mid—
B to mid-a scale and their height of water vapor columns are deep but the intensity are weaker than that of the lower altitudes. The
p recipitation will happen within several hours when the minimum distance between the position of clouds extremum and the meteor—
ological station is less than 15 pixels. The rainstorm clouds have the characteristics of heavy precipitation super cell storm in r adar
echo and the extremes of T, and G, correspond with the extremes of vertical integrated liquid water content echo-top height and
its gradient. These results are important for identification and tracking strong convective cloud clusters and short-time precipitation
forecasting in eastern Qinghai-Tibetan Plateau.
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1 INTRODUCTION from r eflection of cloud and ground surface at day and night.

The d istribution of water vapor at the middle and upper levels of
Since October 19 2004 three Geostationary Operational

Meteorological Satellites were successfully launched including the
FY2C FY2D and FY22E. These satellites have five speciral
channels such as infrared channel 1 (IRl 10.3—11.3 um)

a tmosphere can be measured from IR3. Many meteorological i
mages and operational products can be obtained from Satellite

channels. Presently estimation precipitation using cloud infor—

i nfrared channel 2 (IR2 11.5—12.5 um)  infrared channel 3 mation from different channels is widespread. Adler and Negri
( water vapor or IR3 6.2—7.6 pm) short wave infrared chan— ( 1988) proposed an one-dimensional cloud model to estimate the
nel (3.5—4.0 um) and the visible light channel ( 0.55—0.9 tropical precipitation of convective cloud and stratiform cloud.
wm) . Each channel has a different resolution. Infrared radiant Vicente et al. (1998) developed a fully automatic satellite
information can be acquired from infrared channel that comes rainfall estimation technique. The GMS-5 infrared cloud imagery
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for r aining seasons in 1998 and 1999 were used to study the re—
lationship between brightness temperature and surface rain rates

and the result showed that heavy precipitation will occur with the
decrease of brightness temperature and increase of rainfall inten—
sity (Lin et al 2003). Hong etal. (2004) employed Precip—
itation Estimation from Remotely Sensed Information using Artifi—
cial Neural Networks ( PERSIANN) to estimate rainfall. This
system extracts regional and local cloudy characteristics to evalu—
ate d istribution of rainfall from infrared ( 10.7 pum) geostation—
ary s atellite imagery at every 30 minutes. The correlation coeffi—
cient between hourly rainfall distribution and gauge rainfall meas—
urements is 0.45. Berges et al. (2009) proposed a new index
relies on image processing method uses cloud growing rate to esti—
mate rainfall which is more efficient compared with cooling in—
dex to recognize precipitation cell. The daily inspection result
will be improved if use this index to estimate rainfall in large
scale. The Link-based Cluster Ensemble ( LCE) method is ap-
plied to a High Resolution Satellite Precipitation Estimation
( HSPE) algorithm which is a modified method from the PER-
SIANN-CCS algorithm. The results showed that the performance
of rainfall estimates improved by using the LCE compared with
the Self Organizing Map ( SOM) of HSPE algorithm. The LCE
method can improve the Heidke Skill Score ( HSS) about 5% to
7% at medium and high level of rainfall and enhance Equitable
Threat Score ( ETS) by about 5% for the winter season ( Mahr—
2011 2012) . The precipitation intensity of con—

vective clouds in weak rainfall region is positively correlated to

ooghy et al.

top temperature gradients ( G) of clouds but the corresponding
G decreases in the heavy rainfall region ( Lu & Wu 1997) . The
intensity of convective clouds over the Tibetan Plateau was divid—
ed into four levels according to cloud top temperature: the gener—
—32— -54°C) the strong convec—
-54— -64°C) the stronger
convective cloud through the troposphere top( ll - 64— -
80°C) the strongest convective cloud( [V < -80°C) .
ous results showed that the top brightness temperature is mostly
between —32°C and —54°C over the Tibetan Plateau ( Jiang &
Fan 2002) . The possible precipitation intensity and distribution

al convective cloud ( [

tive cloud with thunderstorm( [[

Previ-

of clouds in one hour were estimated based on the movement of
area with the largest temperature g radient around the strong low—
2005) . The
large brightness temperature gradient region on cloud top is easy—
2006) .

Tropical Cyclone ( TC) intensity is negatively correlated with the
cloud-top brightness temperature ( TBB) ( Chen et al. 2006) .

Rainfall intensity of hourly precipitation gradually increases and

temperature center of cloud clusters ( Hu et al.

happening area of disastrous weather ( Zheng & Xi

probability of heavy rainfall distinctly rises with the decrease in
TBB on cloud top ( Teng et al. 2006) .
tensity of correspondent station is large when the TBB rapidly

The precipitation in—

rose from the lowest temperature value and rainfall appeared in
2007) .

The time and the region of heavy rainfall correspond to the time

the area of great temperature g radient ( Zhang et al.

and the center of low TBB and the precipitation intensity has a
better relation with TBB of a s ingle station ( Zhao & Cheng

2009) . Identification rainstorm clouds was implemented by com—
putation the Deep Convective Index ( DCI) and brightness tem—

perature difference at infrared channels and the development of

convective cloud and the o ccurrence of severe convection are
2010. Hu & Li 2012) . Short-time pre—
diction to severe convective clouds is realized based on TBB and
TBB threshold of infrared images. The average TBB and the min—

connected (Li et al.

imum TBB on cloud top both have better relations with the hourly
precipitation measured at precipitation station ( Liu et al.
2012) .

The active convection has notably enhanced in summer and
short-time heavy rainfall is abnormally frequent because of the
extreme weather events increasing in recent years in arid and
semi-arid district in the east of Qinghai-Tibet Plateau. The ex—
treme weather events lead to disasters of mountain torrents which
caused great economic losses. The topography has a great influ—
ence on convectional precipitation and the precipitation is une—
venly distributed because of great terrain fluctuations. H owever
there are only two Doppler radars to monitor and warn the strong
convective weather in the east of Plateau so its detection scope
is limited at present. Numerical forecasting models are inapplica—
ble to local convective precipitation and the south Plateau is
covered with cloud all the year around. Therefore we a nalyze
the local rainstorm processes in the eastern Plateau based on the
FY=2 data at infrared channels to study the relationships between
cloud parameters and hourly precipitation and we aim to im—
prove the forecasting precision for short-time heavy rainfall to re—

duce the losses caused by disastrous weathers.
2 DATA

In this paper 19 typical cases were used in the eastern parts
of Qinghai-Tibet plateau during 2005—2010. The dataset is i
llustrated in Table 1. The form of the beginning and ending time
of precipitation is year-month-date-hour. For example the begin—
ning and ending time of precipitation in case 1 is August 14 2005
18:00 to August 15 2005 6 :00. The time in the OHP,  column
is the time of OHP,

tions. There are 13 automatic meteorological stations in the east—

. Measured at automatic meteorological sta—
ern Plateau each country has only one automatic meteorological
s tation. The range from Jianzhan to Hualong site has the smal-
lest distance ( only 30 km) of inter-site which is shown in Fig.
1. The
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Fig. 1 The distribution map of automatic station for the typical

rainstorm processes in the eastern Qinghai-Tibet Plateau
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Table 1 The local rainstorm processes in the eastern Qinghai-Tibetan plateau ( Beijing time)

Case number Station number Station name

The beginning and ending time of precipitation

OHP,, ( mm) /time

1 56043 Magqing
2 56046 Dari

3 56067 Jiuzhi
4 56065 He’nan
5 52765 Menyuan
6 52754 Gangcha
7 52866 Xining
8 52943 Xinhai
9 56065 He nan
10 52963 Jianzha
11 52943 Xinhai
12 52963 Jianzha
13 52875 Ping’an
14 52968 Zeku
15 52968 Zeku
16 52765 Menyuan
17 56065 He nan
18 52877 Hualong
19 52974 Tongren

2005-08 14184506 27.0/24:00
2006-07 12104216 25.0/16: 00
200607 20202107 27.5/02:00
200707 16164622 25.1/22:00
200708 0713-0720 28.0/19:00
200708 20142101 33.0/20:00
200708 25142606 28.0/22:00
2008-07 28112823 25.8/17:00
200907 15134522 32.7/19:00
2009-08 0214-0308 27.1/01:00
200908 24122505 27.5/18:00
201005 28192902 25.1/01:00
201008 07110718 25.0/17:00
2010-08 10134100 27.3/19:00
200607 21122121 29.1/18:00
200609 0315-0401 26.1/21:00
200907 20112018 49.1/17:00
201008 07110719 25.1/17:00
2010-09 20152102 36.6/21:00

actual data of precipitation observation was collected from Qing—
hai Province meteorological observatory. The FY2C and FY2E
data in the format of HDF5 were provided by National Satellite
Meteorology Center. By exiracting gray values at infrared chan—
nels and correspondent calibration tables within four provinces
(72.89°E—108.73°E 25.74°N—50.60°N) including Qinghai
province we can get the cloud-top brightness temperature or
black body temperature. The resolution of image is 0 .05° per
pixel which approximately equals to 5 km per pixel.

3 THE VARIATION CHARACTERISTICS A
NALYSIS OF CLOUD-TOP TEMPERA-
TURE WITHIN THE LIMITED REGION

As shown in Fig. 1 there are large topography fluctuations

and occupied land in the east plateau and automatic meteoro—
logical stations are mostly located in valley. The smallest dis—
tance is larger than the average range of automatic meteorological
s tations in mountains of our entire country. We choose the r
ectangular region of 35 km x 35 km ( Fig.2) centered at meteor—
ological stations as research region to analyze the relationship b
etween precipitation and changing of convective cloud over s
tation according to the diameter of meso-miso-scale severe ¢
onvective cloud nucleus which is about 10—20 km. The inter—
site distance of automatic meteorological station in cure region of
nationwide mountain flashflood disaster which is about 20—4
0 km and the average inter-site distance in mountain area. In
this paper the rectangular region of M x N pixels consists of 7 x
7 pixels and each block expresses a pixel. The black block is
the place of rainstorm station as shown in Fig. 2.

Fig.2 The diagram of computing region centered around rainstorm station

Previous studies ( Lu & Wu 1997; Zheng & Xi 2006;
2006; Zhang 2007; Zhao & Chen
2009) have shown that cloud-top temperature gradient and mini-

Teng e t al. et al.
mum temperature both have preferably correspondent relation—
ships with p recipitation. The decrease of cloud-top temperature
indicates the increase of cloud-top height and the development of
cumulus and vice versa. Likewise the cloud-top temperature
gradient i ndicates the changing of cumulus which reflects the
transformation of inhomogeneity of local temperature distribution
on cloud top. Aimed at the cloud block in the studied region
the multi+ime images data at infrared channels from four hours a—
head of precipitation to two hours after in Table 1 were selected
to ¢ ompute the minimum cloud-top temperature (i.e. T,,) and
the maximum temperature gradient (i.e. G,.) .

The cloud-top temperature gradient ( i. e. G) is obtained in
3 x3 windows as the gray region shown in Fig. 3 and defined as

Eq.(1).

G= T(i+1)) -T(i-1)

2

+ T(ij+1) =T(ij-1 ? (1
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where i and j are the coordinate of pixel 7 is cloud-top tempera—

ture (unit is °C T=TBB -273.16) . Compute G of each 3 x3

w indow in 7 X7 rectangular region as shown in Fig.2 so get the

G,

3.1 Analyses on the temperature extremum and its
lead-time

max *

The extremum of cloud<op temperature and lead-time
(Zpmax) Of the measurement time on integral hour of hourly m
aximum precipitation were analyzed in Table 1 and the maxi-
mum climbing amplitude of G

AG Since G, and AG

process the calculated value from IR1 is listed. #yp. g

within half-hour is expressed in

max

has 1—2 peak values in rainfall

max

byome @0d T, Tespectively means the lead-time of AG,,  the first

peak of G, (i.e. G,,..)

and the m inimum vale of T . to t

min ohpmax *

the second peak of G, (i.e. G,,..)
As shown in Table 2

the blank space means no G, . The time range of t,.... ¢

ygmae @Nd friis 2—11 h 1—10.5 h 0—3 h and 0—I10 h
(case 1—15 for e xample) or —0.5— -2.5 h ( case 16—
19 for example)
Gy and T are 3.4—22.3C
2°C and -40.6— -90.3C
ues are belonged to the grade of the strongest convective cloud

( Jiang & Fan 2002)

respectively. The extremes of AG G

max Imax
13.2—48.3C 16.4—S51.

r espectively where the T

min

val—

for example in case3 case 14 case 15

and case 17 all the T . extremes are less than —80°C. In Ta-

min

ble 2 there are 15 cases appeared G, b efore the strongest

2max
hourly precipitation ending and 12 cases a ppeared t,4,,. >0

14 cases tygnn >ty guae 10 cases tyoo >t In the other four

cases there is only one peak of G, before the strongest hourly

<8%C and

max

>30C and T

min

precipitation ending where 3 cases happened AG

trmn > 1 h including one case with G, e qual
to —43°C  and two cases with G, >13°C and T, equal to —
82.3°C. There is only one case with AG,, >8°C and G, >4

0°C. In all 19 cases except case 10 in Table 2 there are some

max Imax

correspondent relations of precipitation to cloud-top temperature
such as the heavy precipitation occurs within three hours when
Gy > 15°C or within six hours when AG,, >8C & G, >
15C or G, >30C orT, < -60C.

Table 2 shows that all G

max

peaks appear before the strongest
hourly precipitation ending in the 19 cases and the T, values
occur before the ending in case 1 to case 15 and after the ending
in case 16 to case 19. Table 2 indicates that the strongest rainfall
probably happens before the highest cloud-top or after but ¢
ertainly after the biggest height gradient of cloud-top ( means the
maximum G, ). The exact precipitation time and rain intensity
are determined by the specific configuration of heat d ynamic

and moisture condition required for rain.

Table 2 Cloud-top temperature extremum and its lead-time of 19 rainstorm processes in the eastern Qinghai-Tibetan Plateau

Case number L agma /h AG,. /(°C /0.5 h) Liome /. G ! C Lygma /H Gy I C Lpin Th T./C T, grade
1 7.0 12.7 5.5 27.4 3.0 16.4 5.0 -53.3 1
2 2.5 13.1 1.0 46.1 — — 1.0 -49.8 1
3 2.5 3.4 2.5 16.4 — — 1.5 -82.3 v
4 5.5 15.4 5.0 31.2 0.5 19.5 3.5 -74.3 Il}
5 5.0 8.2 3.5 25.1 0 20.1 0.5 -50.7 1
6 2.0 19.3 2.0 28.0 1.0 33.3 0.5 -40.6 1
7 2.0 8.2 4.0 20.1 2.0 24.8 0 -59.7 il
8 4.0 13.5 4.0 29.1 1.5 29.2 1.5 -62.9 I
9 4.0 14.1 3.5 28.9 1.5 33.7 1.5 -69.0 11}
10 11.0 4.1 10.5 13.2 — — 10.0 -43.0 1
11 3.0 22.3 3.0 37.4 1.0 44.7 1.0 -62.6 Il
12 2.5 8.2 3.5 16.4 1.5 27.0 4.0 -60.5 Il
13 2.5 19.4 2.5 35.6 1.0 44.3 0.0 -69.5 11}
14 4.0 13.6 4.0 42.2 2.5 43.2 1.5 -84.6 v
15 3.0 10.8 2.5 38.5 1.0 30.1 0.5 -90.3 v
16 2.0 9.0 2.0 22.8 0 30.2 -2.0 -69.8 11}
17 2.0 15.4 1.5 33.7 0 39.6 -2.5 -85.4 v
18 2.5 19.8 2.0 48.3 1.0 51.2 -2.0 -69.1 11}
19 3.0 6.4 1.0 32.2 — — -0.5 -60.3 I

3.2 Analysis on the variation trends of cloud-top tempera-
ture

Take the rainstorm processes of Maqin on August 14 2005
and Tongren on September 20 2010 as examples. The two cases
respectively indicate the variation trends of cloud-top temperature
for T

min

value before and after the strongest hourly precipitation

ending. As shown in Fig. 3 and Fig. 4 the variation trend of T

min

The

at infrared channels is approximately concordant so is G

max *

cloud-top temperature values of IR1 and IR2 remain close prox—
imity to each other. The values of cloud-top temperature of IR1
and IR2 may be positive or negative while the temperature of
IR3 keeps less than —20°C throughout the precipitation process
which indicates that the deep water-~vapor columns has arrived at
the middle and upper level of troposphere. Before the beginning
of precipitation ( denoted by negative column on the left side of

Fig. 3 and Fig. 4)

development of cumulus and the rising of cloud top. While there

cloud-top temperature gradually falls with the
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which

shows a little increase of cloud-top temperature and a decrease of

is still a pause in the development process of cumulus

temperature gradient ( Fig. 3 and Fig.4) . The cumulus approxi-
mately continue to development ( Fig.4) . During the precipitati—
on stage the hourly precipitation greater than or equal to 0.0 is
denoted by positive column. The measuring time of the first

and at 15: 00 ( Fig.

4) . Cloud-top temperature increases within the first hour of pre—

hourly precipitation is at 18: 00 ( Fig. 3)

cipitation because the latent heat r eleased by precipitation incir—
eased the atmospheric temperature. Then cumulus top tempera—
ture ascends first and then descends and cumulus is gradually
weakening. After the precipitation ending the cloud-top temper—
ature gradually returns to a balanceable state with the atmos—
phere. In addition there are two decreases in the rising process
of T ., which indicates the short-time development of cumulus in
the decreasing process of cumulus-top height ( Fig. 3) . The large
' curve ( Fig. 3 and Fig.

4)  which is shown d uring 17:00 to 19:30 19:30 to 00: 30 in
Fig.3 and 17:30 to 2 3: 00 in Fig. 4.

The general variation trend of cloud-top temperature is o

G,... corresponds to the big slope of T

btained through selecting the appropriate precipitation period ac—
cording to precipitation time. As shown in Fig. 5 where the

three hours before precipitation is represented by ¢ — in the hori—
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Fig.3 Variation trends of cloud<op temperature on August 14
2005 over Magqing station
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Fig.4 Variation trends of cloud<op temperature on September 20
2010 over Tongren station

zontal axis and the correspondent hourly precipitation by nega—
tive column and the ending time of the strongest hourly precipi—
tation is denoted by ¢. The six hours in precipitation stage are re—
t-2 -3 t+2 t+3

and the hourly precipitations are expressed in columns of greater

spectively expressed by ¢ — 1 t+1
than or equal to zero. The two hours after precipitation ending
are i ndicated by ¢t — —. The variation trends of cloud-top tem—
perature of IR1 IR2 and IR3 are consistent and that of temper—
ature gradient is the same where the temperature curve of IR1 is
close to IR2. The cloud-top temperature of IR3 is below —20 C
from ¢ — to ¢ — —. The G, peak appears in the period from ¢ —
3 to t. The temperature curve shows a decrease before increase

and the t emperature gradient is the opposite in the precipitation
stage. After the precipitation ending cloud-top temperature
gradually returns to the atmospheric temperature. In the process
of case 1 to case 15 in Table 1 the temperature curve has a little
decrease at first and then increase. For example the tempera—
ture of IR1 is —=67.17°C  -66.63°C and —68.41%C in time
sequence the minimum temperature occurs at t — 1 and its tem—
perature gradient is the largest. In the process of case 16 to case
19 cloud-top temperature gradually drops within the three hours
before t. The maximum temperature gradient occurs at ¢ time

and the minimum temperature at ¢ +2 which means the cumu—

lus—top r eaches the greatest height in the meantime.

gradient (C) hourly precipitation (mm)

Cloud-top temperature and temperature

= =3 1-201-1 t tHl H2 {3 t— 1—

- -
(b) Case 16 to case 19 in Table |

IR2 G IR3 G

Fig.5 The general variation trends of cloud-top temperature of the 19 typically local rainstorm processes in the eastern Qinghai-Tibetan Plateau
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3.3 Forecast equation for hourly precipitation grade and
error check
According to the analysis above we constructed multiple
regression equation to forecast precipitation grade referring to the
standard of short-time precipitation intensity in Qinghai province
(Zhu et al. 2012)

mm < y <8 mm)

such as general precipitation ( grade [l 0
short-time sever precipitation( grade I 8
mm< y <16 mm) shorttime rainstorm( grade I y =16
mm) . The T,,, of IR1 and IR3 ( denoted by x, and x, respective—
ly) and the G, of IR1 ( denoted by x,) are chosen as independ—
ent variables and the hourly precipitation as dependent variable
( denoted by y) . Based on the 62 times of y >1 mm the multi—
ple regression equation is constructed as

¥y =0.61 +0.01x, —0. 11x, + 0. 45x, (2)
This equation passes the test of P <0.01( i. e. the test differ—
ences are significant) the R’ is equal to 0. 23 which can only
explain 23% variance of dependent variation.

Since the x; peak always occurs before the strongest hourly
precipitation ending indicating that the x; peak may have impor—
tant contribution to hourly precipitation and the stepwise regres—
sion equation based on x; peak is constructed as

y =-2.58 + 1.03x, — 0.01x,’ (3)
The dependence reliability is at least 99% (i.e. P <0.01) the
R is equal to 0.55. Take the contribution of x, peak to precipi—
tation peak into consideration the multiple regression equation is

32

Hourly precipitation/mm

-1 1 #+1 2 +3

(a) Nonuse the peak value of G, at f time

" =023

® =055

¢ onstructed as

y =-2.09 +0.12%, - 0. 16x, + 0. 65x;, (4)
Eq. (4) passes the significant test (P <0.01) the R* improved
to 0 .54 which can better simulate the trend of hourly precipita—
tion with cloud-top temperature variation.

To test the forecasting effect of Eq. (2) to Eq. (4) we
suppose the ending time of the strongest hourly precipitation is
still denoted by ¢ and the precipitation periods are selected from
t —1 to ¢ +3 based on the actually measuring time of hourly pre—
cipitation. The test is divided into two cases nonuse and use the
x5 peak at ¢ time for the true value of independent variation x, to
x;. In Fig.6 the legend of “R* =0.23 “R*=0.55" and
“R* =0. 54" respectively stands for Eq. (2) Eq.(3) and Eq.
(4) . The simulated results of equations can primarily r eflect the
trend of true value with time. The grade difference b etween the
truepeak and the modeled-peak value is within one grade. The
result of nonuse the x; peak can predict strong precipitation one
hour ahead of time. While the result of using the x; peak is dis—
tinctively close to the truth but the lead time is within 0. 5
hour. In general the equations denoted by R* =0.55 and R* =
0. 54 have both considered the x; peak contribution to strong pre—
cipitation and its modeled values are more close to the truth.

So G,, and G

precipitation and precipitation peak.

peaks make an important contribution to hourly

max

32
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Fig.6 Comparison chart of hourly precipitation grade of local rainstorm process

Additionally the statistical analysis on the minimum cloud-
top temperature and the maximum temperature gradient of the 19
cases within three hours before the beginning of precipitation has
shown that x, is in the range of 8. 6°C to —74.7C x, is -
21.8%C 10 68.7°C  and «; is 4. 1°C 1o 40. 6°C. There are only
two cases ( including case 5 and case 6) where x, is greater than
0 °C. So the preliminary condition of immediate precipitation
may simultaneously met the conditions x, <0C x, < —20C
and x; >4°C.

4 CONVECTIVE CLOUDS AND PRECIPITATI-
ON AT METEOROLOGICAL STATION
4.1 The identification and tracking of convective clouds

For the continues cloud images we selected the temperature
threshold ( Jiang & Fan 2002) which is denoted by T,

and e

xtracted its contour. Based on the threshold we computed the
number of pixels within the contour. If the number is greater
than or equal to 100 then the image within the contour is ¢
onvective cloud. Then calculate the correlation coefficients of
convective clouds with the distance between centroid less than
100 km. The greatest matchable cloud cluster must have the m
inimum centroid distance and the maximum correlation coeffi—
cient.

Step 1  Extract the contour of cloud cluster based on T, as
-32<C

contour. If n, is greater than or equal to 100 the cloud within the

and compute the total number ( n,) of pixel within the

contour is general convective cloud cluster ( Jiang & Fan 2002) .
). If

extract contour based on T,

Then continue to calculate its minimum temperature ( T,
T... is less than or equal to —80°C
as —54°C and compute n, again. If n_ is still greater than or e—
qual to 100 ( Liu et al. 2012)

the cloud within the contour is
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believed to be the strong convective cloud ( Jiang & Fan
2002)

In Table 1 the rainstrom cloud clusters are all belonged to
mid-B to mid-o scale with their areas in 2600 km® to 1100000 km’.

Among those several times of convective clouds are at mid-« scale

and then calculate its area and record its code number.

in the rainstorm process of Xinghai station on July 28 2008 ( case 8
in Table 1) . For example on July 12 2006 ( case 2 in Table 1)
T, is equal to —32°C. And the total number of ¢ onvective clouds
in four provinces ( 72.89—108.73°E 2 5.74—150. 60°N) from 14:
30 t0 16:00 is 18 18 14 and 18 r espectively. In this period the
clouds over Dari station is general convective cloud and its con—
tour is respectively represented by blue amethyst green and
rose lines as shown in Fig. 7 ( red lines denote the boundary of
Qinghai province) . The clouds area is mid- scale and gradually
increases from 3986. 6 km’ to 77059. 1 km’ while the T, gradu-
ally decreases from —48.2°C to —66.4°C within the period of
14:30 to 16: 00. Consequently the sever p recipitation at Dari
station occurs within 15:00 to 16:00.

QgoE 100°E 101°E
i L .

® Magin

T T T
O°F 100°E 101°E

®  Meteorological station [ Clouds contour 1430 [J Clouds contour 15:00

u Boundary 0 Clouds contour 1530 Clouds contour 16.00

Fig.7 Contours of convective cloud clusters from 14:30 to

16:00 in Dari rainstorm process on July 12, 2006

Step 2 Calculate the centroid position( X, Y.) and ¢
orrelation coefficient( r) of continues cloud images. The formula

of centroid position is defined as

N, N,

i Zx T, i Z YT,

- N, - N,
2" 2"

where T, is the temperature of pixel. Suppose T is equal to zero

i i

Xee Yee (5)

when T, is greater than —32°C. N, is the total pixel number of
convective cloud X, and Y, represent longitude and latitude of

i

pixel. The formula of correlation coefficient is defined as

where T is the average cloud-top temperature of cloud /' T, is
the average cloud-top temperature of the assumed cloud g. Take
the cloud centroid as center point and the pixel number at longi—
tude and latitude direction of rectangle covered clouds is e
xpressed by m and n  respectively.

Statistics on the greatest matchable convective cloud show
that the moving distance is less than 100 km and the correlation
coefficient is greater than 0.5 which is based on the position of
cloud centroid. For instance tracking the convective cloud clus—
ter within the regions of four provinces on July 12 2006 the
correlation coefficient and distance between the cloud 0 at 14: 00
and the cloud 0 to 18 at 14: 30 are shown as Table 3. The results
show that the greatest machable cloud cluster with cloud O at 1
4:00 is just the cloud O at 14:30 and the correlation coefficient

is 0.9 and the distance between centroids is 21.2 km.

Table 3 Computation values of cloud 0 to cloud 18 at
14: 30 in Dari rainstorm process on July 12 2006

Clouds code Correlation coefficient Centroid distance/km

0 0.9 21.2
1 0.6 1573.0
2 0.7 1181.4
3 0.7 1039.5
4 0.6 1041.1
5 0.5 1025.1
6 0.7 1909.7
7 -0.4 2483. 1
8 0.6 2213.4
9 0.6 2406.4
10 0.3 2203.2
11 0.6 2560. 1
12 0.6 2966. 1
13 0.6 2621.9
14 0.6 2615.7
15 0.6 2665.0
16 0.6 2729.3
17 0.6 2742.6
18 0.0 2970.6
Step 3 Let the centroid of cloud O at t, be CG; then

search the centroid ( CG}) of each clouds at ¢, image seeking
clouds with distance ( AL) between CG; and CGy less than 1
00 km. The value of m and n is based on the smaller cloud of
CGy or CG) cloud when computing its correlation coefficient. The
greatest matchable cloud of cloud O at ¢, must be the cloud with
the largest correlation coefficient and the minimum distance of
AL is less than 100 km.

Likewise the greatest matchable cloud of cloud 1 2 3

18 at ¢, can be obtained at ¢, image.

The method of identification and tracking convective clouds
can be used more simply with smaller computation complexity

and the high accuracy.
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4.2 Verification of identification and tracking

The effect of identification and tracking convective clouds
on August 10 2010 is shown in Fig. 8 and Table 4. The colored
clouds are identified. The correlation coefficients are computed
with identified clouds and tracked clouds in adjacent time in Ta—
ble 4. From 13: 00 to 16: 00
general convective clouds because the T, is within the range of
220.7—196.2 K (i.e. —=52.3— -76.8°C) . From 15:30 to
16:30 the clouds within dotted line are also identified

culated values are shown as the shaded values in Table 4. Taking

the colored clouds belong to the

its cal-
the clouds marked centroid point as example the clouds from
13:00 t016: 00 are respectively accordant convective cloud of i-
dentification and tracking as shown in Fig. 8( a) to Fig. 8( g) .
There is no tracking result at 16: 30 and the identified convec—

tive cloud 22 is near to Zeku station as shown in Fig. 8( h) . The

Table 4 The calculated values of identification and tracking to

colored cloud 6 at 13:30 is just the greatest matchable cloud of
the colored cloud 6 at 13:00 and the maximum correlation coef-

ficient is 0. 7 with the distance between centroid of 36. 2 km.

The area of colored clouds reaches at mid8 scale from 15: 30.

The cloud 15 within dotted line at 15: 30 in Fig. 8( f) matches

the cloud 17 at 16: 00 in F ig.8( g)

cient is 0.9 and the distance between centroid is 21.8 km. The

colored cloud and the cloud within dotted contour gradually com—

bine since 15:30 until 16:30
T

min

cause the temperature threshold of colored cloud is - 54°C

while that within dotted contour is —32°C. The correlation coef—

ficients of clouds at 16: 00 with the clouds at 16: 30 are less than

0.5.

convective clouds in the Zeku rainstorm process on August 10 2010

Time Code of identified clouds T../K Code of tracked clouds Correlation coeficient Centroid distance /km

13:30 6 222.3 6 0.7 36.2

14: 00 8 222.9 8 0.7 29.0

14:30 9 209.1 9 0.6 37.6

15:00 11 205.9 11 0.5 74.1

15:30 12 15 203.5 198 12 0.9 0.4 31.7 243.1

16: 00 15 17 198.9 196.2 15 0.9 0.9 18.5 21.8

16:30 22 190 0.30.4

Similarly the identification of convective clouds and the {T]2 =T = Tee (7)

tracking of small deformed clouds in local rainstorm process are Ty = Teor — Ty
right. However it is invalid when tracking seriously deformed where Ty, T, and Ty respectively refers to the cloud-op

clouds

5.

and its correlation coefficient is generally greater than 0.

4.3 Parameters for computing of convective clouds

the region of large DCI and the
band-difference distribution at infrared channels have great rela—

Based on these findings

tionships with the development of convective cloud and the o
2010; Hu & Li
2012) . The hourly precipitation at automatic rain-gauge has the

ccurrence of strong convection ( Li et al.

same with the average temperature and the minimum temperature
2012) .
perature gradient with the location of severe precipitation ( Hu

2005; Zhen & Xi 2006) . To analyze the correspondent
relations between above convection parameters and precipitation
the

three hours before precipitation and that before severe precipita—

of cloud top ( Liu et al. And the region of high tem-

et al.
at meteorological station we only choose the two periods

tion. And it must be covered by convective clouds over the mete—
orological station due to the sparse meteorological station in Plat—
eau.

(1) Radiation parameters

Radiation parameters include the average temperature ( T)
the minimum temperature ( 7,,,) the maximum temperature g

radient ( G,,) the infrared band-difference ( T,

troid position and the deep convection index ( DCIs) of cloud

T,) at cen—

top. The computation of G, and centroid position is the same as
Eq. (1) and Eq.(5) respectively. The infrared band-difference
is defined by

temperature of IR1 IR2 and IR3. The deep convection index is

defined by
250 - T, Te <250K
0 T, =250 K

where T, is cloud-top temperature at centroid position

DCI = { (8)

the height of cloud top equal to or greater than 400 hPa since the
atmospheric temperature near to the 400 hPa is generally about

250 K. The greater DCI  before the beginning of severe convec—

tion indicates the greater probability of strong convective cloud.

(2) Space parameters

Space parameters are the distance ( Al) of the clouds cen—

troid of brightness temperature ( X, Y)

of T

min

and the clouds centroid of G

max

logical station which are denoted by Al,, Al and Al

Tmin Gmax

espectively.

4.4 Data analysis and check

Take —32°C or —54°C as the thresholds of identification
convective clouds. There were 18 rainstorm processes with con—
vective clouds covering the meteorological station within three
hours before sever precipitation except the rainstorm process of

Only three

Jianzha on August 2 2009 ( case 10 in Table 1) .

processes had convective clouds covering the meteorological s

tation within three hours before the beginning of precipitation

whose correlation coeffi—

they combine into cloud 22 with

equal to 190 K. It belongs to the strong convective cloud be—

the

DCl s can indicate the developing extent of deep convection with

the clouds centroid

to the position of meteoro—
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Fig.8 The identification and tracking of convective clouds in Zeku rainstorm process on August 10 2010

which indicate that the precipitation may appear in the condition
when cloud—top temperature is higher than - 32°C. However

the severe precipitation mostly occurs in less than —32°C over
plateau in summer. In the 19 typical rainstorm processes in Table
1 only one process has the thresholds of thunderstorm clouds in

low elevations (Li et al. 2010; Hu & Li 2012) within three

hours before sever precipitation those are T\, < —8C T\; < —
10°C and DCIs = 50 in Zeku station. The 18 processes with
clouds covering station have Al, > 5 pixels among them 13
processes have the minimum Al < 15 pixels. The convection pa—
rameters and the correspondently hourly maximum precipitation
(i.e. OHP) with the minimum Al < 5 pixels are listed in Table
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5. t, expresses the lead-time of the minimum Al of convective
clouds to the G,,, in the 7 x 7 region over rainstorm station ¢,
expresses the lead time of the minimum Al of convective clouds
to the maximum hourly precipitation ending at rainstorm station.
Table 5 shows that the values of parameters have some regulari—

-40°C the minimum G, is
T\; or DCI are all not up to the thresholds of

ties such as the maximum 7T is
11C and T,
thunderstorm clouds in low elevations. Table 5 also shows that it
may be rainy or strong rainfalls when the minimum Al < 5. The
minimum A/ may be advanced or lagged by 0 to 3 h compared
with the G, peak but it keeps 0.5 h to 3 h earlier than the
peak of hourly precipitation.

In the rainstorm process of Maqin on August 14 2005 the
maximum OHP is 27 mm and Al is two pixels at 22:00 and
the correspondent G, is 11°C ( Table 5) while the G, is 13°C

within the 7 x7 region centered at Maqin station at 22: 00 ( Fig.

9). the
OHP is 49.1 mm Al,,, is three pixels at 15:30 and the corre—
is 36°C ( Table 5)  while the G, is 34°C within
the 7 x7 r egion centered at Henan station at 15:30 ( Fig. 10) .
In the rainstorm process of Dari on July 12 2006 the OHP is a—
bout 25 mm Al are both equal to two pixels at 14: 30 and 15:
00 T is respectively equal to —41°C and -44°C  the T, of
convective clouds is —48°C and —56°C ( Table 5) . While the
T, is respectively equal to —48°C at 14:30 and -50°C at 15:

00 within the 7 x 7 region centered at Dari station ( Fig. 11) .

In the rainstorm process of Henan on July 20 2009

spondent G

max max

min

Obviously the results in the limited region centered at meteoro—
logical station agree with the results of identification and tracking

convective cloud clusters.

Table S The parameters of convective clouds with the minimum Al equal to or less than

five pixels within three hours before sever precipitation

OHP/mm Al /pixel Al I pixel TIC G...!C T, /K T,/K DCI /K t /h Ly /h
25.0 2 13 -41 36 -2 7 23 0.5 1.5
25.1 5 23 -44 29 -7 -7 33 1.5 3.0
27.0 6 2 -40 11 -2 2 13 -1.5 2.0
28.0 3 >35 -41 18 -3 0 26 -2.5 1.0
32.7 4 13 -49 39 -2 -9 34 1.0 2.5
49.1 7 3 -52 36 -2 -4 32 1.5 1.5
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Fig.9  Convective clouds of Maqin rainstorm process
at 22:00 on August 14 2005
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5 CHARACTERISTICS OF RADAR ECHO
FOR LOCAL RAINSTORM CLOUDS

In Ping”an rainstorm process on August 7 2010 the stron—
gest precipitation accompaning hail thunderbolt and gale oc—
curred from 16:00 to 17: 00 especially during 16: 30 to 17: 00
because the convective clouds shifted eastwards and moved
northwards from Huangnan country from 14: 30 gradually ¢
ombined with clouds moved down from Haibei country from 15:
00 which strengthened the combined clouds. The variation
trend of cloud+op temperature in the region of 7 x 7 pixels ¢
entered at Pingan station is shown as Fig. 12. The T, vale of
IR1 and TR3 at 17: 00 is equal to —69.5%C and - 60.5%C re—
spectively and the G, peak occurs at 16: 00. The rainstorm
clouds in the north of Ping“an station ( Fig. 13) is cloud 7 and

its space p arameters of Al,.. Al, and Al are respectively

Gmax
equal to 39 14 12 pixels at 16: 00 . The rainstorm clouds in
the south of Ping“an station ( Fig. 13) is cloud 18 its T,;, of IR1
is equal to - 64.2°C is equal to
six pixels at 1 6:00 when G, just reaches the maximum peak.
The cloud 7 has combined with cloud 18 at 16: 30 with A/ greater

than 30 pixels and moved to southeast.

and the correspondent Al

Tmin

50

Hourly precipitation (mm)

Cloud-top temperature and its gradient ("C)/

e

ms Hourly precipitation —e—IR| T, —o— IR2 Ty —e— IR3 T}y
——IRI G-.u..\ IR2 rjl:,.l-_ IR3 (’-nu\

Fig. 12 Variation trend of cloud—op temperature on
August 7 2010 over Ping’an station
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Fig. 13 Rainstorm clouds of Ping’an heavy rain process
at 16:00 on August 7 2010

From the radar echo of Ping”an heavy rain process on A
ugust 7 2010 ( Fig. 14) . At 16:08 the height of echo top over
Ping’an station is 11 km and the maximum height of echo top
within the region of 7 x 7 pixels centered at Ping“an station is 1
5.5 km. The height gradient is large in this region which is ¢
onsistent with the result of the maximum peak of G, at 16: 00
( Fig. 12) .

at 16: 30 because it is located in the combined regions of previ—

The convection over Ping’an station is strengthened

ous clouds. The front of sever convection arrives at Ping“an sta—
tion at 16:32 and the maximum echo intensity reaches 66 dBz
in the north of Ping”an station. The strong echo center likes a
bow in the radar echo of base reflectivity factor at 2. 4°elevation

as shown in Fig. 14( b) .

factor and the weak echo region corresponding the inflow side ( as

The large gradient of base reflectivity

the orange arrow indicated) can be seen. From the cross section
along the dotted line ( Fig. 14( b))

the inflow at low level with the negative base velocity to the out—

we can approximately see

flow at higher level with the positive base velocity ( as the yellow
From Fig. 14( d)

weak echo region in the inflow side

arrow shown in Fig. 14(¢) ) . we also see the
the height of the strongest
echo center is less than 3 km and the height of 45 dBz echo top
is greater than 6 km which is greater than 0.5 time height of 18
dBz echo top. So the strong convective cloud belongs to super
cell ( Yu
and at 16:41 the slightly distinctive divergence downdraft emer—
ges within the red ellipse ( Fig. 14(e) and F ig. 14(f) ). The

obvious p ositive/negative velocity in pairsover Ping”an station

et al. 2010) . The storm moves toward southeast

means the mesocyclone wrapped in the prectpitation echo. There
are two convective cells setting in the strong echo region. The
position of MEHS ( maximum expected hailstone diameter) equal
to 5 cm is just over Pingan station. The strong echo center of
base reflectivity factor at low level makes a slight S=shape ( Fig.

14(f) ) . B ecause there is still one inflow located in the front
side of s upercell ( Fig. 14(b) Fig. 14(¢) and Fig. 14(f) so
the strong echo has developed into the distinctively heavy preci—
pation supercell ( Yu et al. 2010). The maximum vertical in—
tegrated liquid water ¢ ontent reaches 62 kg/m® within the region
of 7 x 7 pixels centered at Ping”an station at 16: 48 ( Fig. 14
(g)) and the maximum echo intensity of convection is 65 dBz
and its correspondent height is 3.9 km. The height of 30 dBz
echo top of convection cell is greater than 12 km. The storm cell
continues to move southeast and until 16:55 the MEHS increa—
ses to 6 cm ( as shown in Fig. 14('h) ) . Meanwhile the height of
echo top within this region reaches the largest height (i.e. 17.1

km) in this rainstorm process ( Fig. 14(i)) which is consistent
with the results that T, reaches the vale at 17: 00 within this re—
gion.

The analysis of other rainstorm process has the similar r
esults. The moment of G, peak corresponds with the maximum
height gradient of 18 dBz echo top. The time of T, vale at i
nfrared channel 1 or channel 2 corresponds with the maximum
height of 18 dBz echo top

with the maximum vertical integrated liquid water content in ra—

and that at channel 3 corresponds

dar echo. The rainstorm clouds have the characteristics of heavy
precipitation super cell in radar echo such as the distinctive re—
flectivity gradient at low level the weak echo region correspond—

ing front inflow at middledow level and the rear=side outflow in
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Fig. 14  Radar echo of local rainstorm clouds of Ping’an heavy rain process on August 7 2010 ( Volume scan every six minute)

heavy rain stage. The maximum echo intensity may excess 60
dBz and its echo top height is generally less than 3 km. The
maximum vertical integrated liquid water content may reach 50
kg/m’ or more. The height of 18 dBz echo top may grow to 15
km above the local ground surface. The height of 3 0 dBz or 45
dBz echo top is mostly greater than 0.5 time of the 18 dBz echo
top height. This super cell will bring the disastrous weather such

as thunderstorm hailstone strong winds and so on.
6 CONCLUSIONS

This paper analyzed 19 typical cases of rainstorm process in
the Eastern Qinghai-Tibetan Plateau for the period of four hours
ahead of precipitation to two hours after based on the cloud-top
temperature data of FY2C and FY2E at infrared channels and
the analysis is divided into two patterns. The variation trend of
cloud-top temperature with time aimed at the region of 7 x 7 pix—
els centered at automatic meteorological station was analyzed.
Second we identified and tracked convective cloud clusters and
computed its parameters. The results preliminarily obtain the s

pecific upcoming signs of rain and the advanced time compared

with precipitation and heavy precipitation. In addition the char—
acteristics of radar echo of rainstorm clouds are also analyzed.
The maximum temperature gradient on cloud top is represented as

G the maximum amplitude of G, within the half-hour is ex—

max

pressed in AG and the minimum temperature on cloud top is
denoted by T

The variation trend of cloud-top temperature and temperature

max

. Main results showed below.

gradient at infrared channels is respectively consistent. The cloud-
top temperature descends at first and then ascends the tempera—
ture gradient is the opposite in precipitation stage. One or two
peaks of G, and AG
heavy precipitation. The extremes of AG,.. G,..
reaches 22.3°C 48.3°C and -90.3°C

The multiple regression equations for forecasting precipitati—
and G, .

late the tendency of hourly precipitation and can also predict

e are about O to 11 hours earlier than the
and T, can
respectively.

on grade are constructed by 7' which can well simu—

heavy rain in advance. The forecasting error of hourly precipitati—
on is within one grade of precipitation. The R’ of r egression im—
proved from 0. 23 to 0. 54

better modeled after considering the contribution of G, peak.

and the precipitation peak can be
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The algorithm of identification and tracking convective cloud
clusters is more simple and effective than other methods. The
precision of identification and tracking is 100% for the little de—
formed cloud clusters which ordinarily have the correlation coef—
ficient greater than 0.5.

All of the rainstorm cloud clusters over eastern Plateau are
at mid{3 to mid-« scale. Its height of water vapor columns is
deep but its intensity is correspondingly weaker than lower alti—
tudes. The precipitation will happen within several hours when
the minimum distance between the position of clouds extremum
and the meteorological station is less than 15 pixels.

The rainstorm clouds have the characteristics of heavy p
recipitation super cell storm in radar echo. The G, peak corre—
sponds with the maximum height gradient of 18 dBz echo top.
The T,

'« vale at infrared channel 1 or channel 2 corresponds with
the maximum height of 18 dBz echo top and that at channel 3
corresponds with the maximum vertical integrated liquid water
content in radar echo.

The sample number is limited due to the complex topogra—
phy sparse meteorological station uneven distribution of precip—
itation and the convective precipitation impact of topography and
so on over the Qinghai-Tibetan Plateau the conclusions will be

continued to improve and perfect in the future work.
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