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An Overview on the Achievements of Meteorological
Science and Technology in China

Lei Xiaotu®?, Liu Weidong®®, Zhao Rui’, Yan Guanhua’
(1 Shanghai Meteorological Service, Shanghai 200030 2 Department of Science and Climate Change of China
Meteorological Administration, Beijing 100081 3 Beijing Meteorological Service, Beijing 100089)

Abstract: Based on the information of the Meteorological Science and Technology Management Information System of the
China Meteorological Administration, this paper preliminary analyzes the basic characteristics of the meteorological research
achievements (MRA) in 2005-2017, including the category, origin, subject, awards and the source of funded projects. The results
show that on average more than 600 MRA a year fully reflects the scientific and technological characteristics of meteorological
services. The successive introduction of management measures such as the identification, test bed, and operational access has
promoted the explosive growth of MRA in recent years. It also highlighted the necessity and significance of strengthening the
management of MRA. On the other hand, from the types of MRA and the national science and technology awards, much still
remains to be done in terms of basic theoretical research and original innovation on meteorological science and technology.

Keywords: meteorology, meteorological research achievement, overview, research to operation
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Impact of Boundary Layer and Cloud Microphysics
Schemes in WRF Model on Numerical Simulation of Two
Yellow Sea Fog Cases

Rao Lijuan', Gao Shanhong’, Zhang Kai'
(1 Huangdao District Meteorological Office in Qingdao, Qingdao 266400 2 Ocean University of China, Qingdao 266100)

Abstract: Four groups of numerical experiments covering two heavy sea fog events (March 6-8, 2006 and March 27-28,
2012) over the Yellow Sea were conducted by using WRF model and its 3DVAR system. The simulation results showed that the
simulated fog areas were very similar to the observation for the dense sea fog case in 2006 if YSU was adopted as boundary layer
scheme and Lin was chosen as cloud microphysical scheme. The simulated fog areas of YSU and Thompson scheme, MYNN
and Lin scheme came second. When adopting MYJ as boundary layer scheme, the simulated fog areas were very poor compared
with observation regardless of the cloud microphysical scheme. For the thin sea fog case in 2012, simulated sea fog area mostly
depended on boundary layer scheme but little on cloud microphysical scheme. The best combination of boundary layer scheme
was MYNN, while neither YUS nor MYJ can properly simulate the sea fog process.

Keywords: sea fog over the Yellow Sea, WRF model, numerical simulation, boundary layer scheme, microphysical scheme
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Fig. 1 Satellite observation from 6 to 8 March, 2006®"

(Figs. 1a and 1e, Figs. 1e and 1f are MODIS and MTSAT-1R visible images, respectively. Figs.1 b—-1c and 1g-1i are
MTSAT-1R dual-channel derived images (brown color represents sea fog/ stratus, dark green and dark — blue colors
indicate land and ocean, respectively, and other colors represent bright temperature distribution of the channel-1) .
Figs. 1a-1i represent the following time: 1022, 2000 BT on 6 March, 0200, 0800, 1225, 1400 and 2000 BT on 7 March,
0200 and 0500 BT on 8 March, respectively. The symbols “” , “A” , “0” ,and “x” represent the observed
visibility with values 0-1 km, 1-2 km , 2-10 km and more than 10 km, respectively)
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Fig. 2 The sea fog detection algorithm using MTSAT data from 27 to 28 March 2012
(The fog area and fog top height, the meanings of the symbols in the figure are shown in Fig. 1)
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Fig. 3 Vertical sections of temperature and winds along the A-B line of Fig. 5 from sea surface to 800 hPa
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Table 1 Specifications of the WRF model
X iz 5% BiiEE

WE £, Lambert conformalf%i
s (32.5°N, 123°E)

K50z KX Hai#i110x120 MK % R %161 X 151
KIK: K43 754230 km AN K430 km
EEPIE: 402>

IEEAN 120s, 40s
APy Kain-Fritsch 7 %

= KIAES: RRTMT %
RIS JIk4EST: Dudhiaky &
ot T oL Noahf: [ A5
BRIRE CV5

* 1= 1.0000, 0.9990, 0.9985, 0.9975, 0.9950, 0.9925, 0.9900, 0.9850, 0.9800, 0.9775,
0.9700, 0.9540, 0.9340, 0.9090,0.8800, 0.8506, 0.8212, 0.7918,0.7625, 0.7084,
0.6573, 0.6090, 0.5634, 0.5204,0.4798, 0.4415, 0.4055, 0.3716, 0.3397,0.3097,0.2815,
0.2551, 0.2303, 0.2071, 0.1854, 0.1651, 0.1461, 0.1284, 0.1118, 0.0965, 0.0822,
0.0689,0.0566, 0.0452, 0.0346, 0.0249, 0.0159, 0.0076, 0.0000, 850 hPall F&E Xt Rz
KB EENBIRAN: 0,32 61,110, 169, 228, 322, 469, 658, 890, 1184, 1417 m,

FIAUE IR R TR X3 B #ldads . Y
HI (B VIAFZ T R BT %50 BES
HE AR O -



]
= $ =‘-v

SR
dvances in Met S&T

110°E 120°E 130°E

E5 WRFEEIRIE B KI5
Fig. 5 Domains of WRF numerical experiment
F2 KWk
Table 2 Design of experiments

A5l BREHR SRS R

Exp_A: Lin etal. scheme
Exp B: WSM 5-class
Exp_C: WDM 5-class
Exp_D: Thompson

—H YSU

#

Exp_A: Lin et al. scheme
Exp B: WSM 5-class
Exp_C: WDM 5-class
Exp_D: Thompson

p i MYNN 2.5 level TKE

Exp_A: Lin et al. scheme
Exp B: WSM 5-class

=Y

B MYNN 3level TKE Fxp C: WDM 5-class
Exp_D: Thompson
Exp_A: Lin et al. scheme

ZEPYZH  Mellor-Yamada-Janjic TKE LSRR LS e B

Exp_C: WDM 5-class
Exp D: Thompson

3 GRS EXHITLE

P16 20064 /51 5 — 4 1 44 (i A 0L 56 4
A 55 AR I AR o P TR OR B B T X B
B H 13 55 5K 2 2= TG0 s B K SP or A, IE
HEL NI mEEaKERE>0.1 gkeglIX Ik, HiE
HA WX IR AR R 5 X, T H A 2 WA 2
KE=X. EHATHEMN EEIT, RO R AR R 56
I Exp_ A~Exp_D (737 4LinJ5 %, WSM5J7 % .
WDM5J7 % S Thompson77 %) 5 Bl A2 245 #R Ik
X LSNP B ] o oK P16 155 g 5 e A e R ) 1 B R
FH (ED AT UKL : Exp_ AR b 2 3
TS ARG AR R R SR, BREEF X
s R, RRARMH3H8H S

IBFEIFIZ W HL T RS Exp B 5Exp D RIS 5B
BN, BRI E S IX L0 mE N mK S =
>0.1 g/kglI X Exp AN, {HEGExp CIBELL,
B T SEBR AL Exp CHOZE B 5 000 3 92k 2 5
K, BRI 5 55 X R B/, 3HTHT AR 1Z
T R MR, HExp CRLNMEZ X 3 4
INTIRZ

20064/ 1) 25 — 2H BB O e 45 R ¥ 7,
AT LLB R H R B A 4 B S AL i 25 5 (X
Je10 mi /K S >0.1 g/kg i X 385 6 AR /N,
WA — o Z8E, (HER BRI T I3H6H
FRA RE, BTHEZREINEEYE, B5E
8 H M B IRFL I IR IR B A FE, Exp CHIBEY
SR G WM E LA ETR K. WA BE, 410
o AL 4D 45 SR TR PR 22 S P s o 3 = AH A AR
g R 2 R A R AR, T AR DU ZH 44 A
PLR G0 45 5 5 W00 35 S ZE BRSO R =
(EIm

NS5 X IR SE SRk, 20064E 45110 52 T7
FRHYSUNER, =W ERHLinT £133]
ARSI S N AR, SR WSMS5 & Thompson 5 %/
BRIz . I FET7 5K FIMYNN 2.5 level TKE
scheme (MYNN2.5) FIMYNN 3rd level TKE scheme
(MYNN3) I BELSE REYSUR 2, 1M K F Mellor-
Yamada-Janjic TKE scheme (MYJ) B 540045 SR 5
ARG, 5 SEAM R

SR AT T 201244, R AN F = i 2 5 &
Z M ERE N, REESETRAARMNLRETT
K. XEREEPIERMA, WILRZ T EXWRE
W XSS R e fE A, T3 5 &5 i
/N BE8IE 20124 A AN [ 34 F )2 T Wt bk B 45
HIRLEE R (T R oNLiInT ) , B
ITHEM EBIR, RO R4 5742 7 2 AMYNN2.5
YSU. MYJ (MYNN3[#45 R 5MYNN2. 55 A FHLL,
Hns 2s) o S FE AL, SRAMYNN2.5 7 Fi
P01 21935 %5 55 X (17840 [R] TL A 2= PR 00 0 281 7 5 S AH
£, Rl s dt B e g R . S R R
AJE A LSS I PE L 5 C5 A bL A R
M) o MR YSUSMYJJ5 Z AL 45 55 00 00 04
PR, R B B R %, 6 &S
g B A AR

I LRI A L, LR T R
77 08 PR IR AL 25 RS2 e B K . T 57 =05 %
H, YSUJTZE5MYNNJT ZE1E 200644 52012454

16 | Advances in Meteorological Science and Technology S&EH%## R 9 (6) - 2019



Progress 44 7 (£ &

E6 2006FAf% —HEliX s HA B EETILRE
( FRRXRFRIRGEXp-XSS ( X=A,B,C,D) , x AL EINF %S (x=a,b,c,d, e, f)
Fig. 6 Evolution of the first group of simulated sea fog case 2006
(The markers “X” and “x” have the following meaning: X represents experiment Exp—X (X=A, B, C, D), and x
represents simulated time serial number (x=a, b, ¢, d, e, f))
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Fig. 7 Evolution of the second group of simulated sea fog case 2006
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Parallel Transmission of Data from a Mesoscale
Numerical Prediction Model: An Application Study

Zhao Lei, Gao Song, Wu Zheng, Du Qin
(Chonggqing Institute of Meteorological Sciences, Chongqing 401147)

Abstract: Taking the Chongqing Mesoscale Numerical Prediction model as an example, the authors designed and developed a
parallel transmission program for large data of the mesoscale numerical prediction model to improve transmission efficiency.
The large dataset the Chongqing mesoscale model produced has been transferred to the data management server for every day
processing and analysis. The one-core serial program with scp was currently used to complete the task. Because it took more
time and could not make full use of cpu cores and network bandwidth, this program could not meet the demand of timely use of
Chongqing Weather Forecasting. The parallel transmission program takes process pool as main architecture, and adopts Rsync
instead of scp to improve the data transmission speed. Meanwhile the model data is divided on the basis of data features, and the
best data partition strategy would be chosen by comparison. The results showed that the parallel transmission program with the
best data partition strategy can greatly reduce the data transmission time, and effectively improve the availability of cpu cores and
network bandwidth.

Keywords: numerical prediction model, parallel transmission, data partition strategy, Rsync
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Fig. 2 Main program flow of the parallel transmission
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ffile=open(filename,'r")

for line in ffile:

line=line.strip("\n").split(",")

L re.append(line)

ffile.close()

for list ein L _re:

str_e=str(list_e).strip("[]").strip(""")

new_L re.append(str_e)

icount=len(new L re)/n # fR 451 B 1% o s
BN, BERI 73R
rest n=len(new L re)%n # %4> J5, #iEH)a—
EAEEX W NAR
while icount > 0:
ifrest n==0: # SRECNOKS, 2d% 2 pky
Sk 7y
nex_i=icount*n
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nex_i=pre_itrest n
new_ L reOl.append(new L re[pre i:nex i])
rest n=0
icount=icount-1
else:
print "the file not exist"
del L re
del new L re
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Circulation and Key Meteorological Factors for the
Three Consecutive Air Pollution Processes in Henan
During the Winter of 2016

Gu Xiujie"?, Feng Lisha"®, Tian Li**, Dong Zhenhua, Wang Youhe"?
(1 CMA-Henan Key Laboratory of Agrometeorological Support and Applied Technique, Zhengzhou 450003 2 Henan
Meteorological Observatory, Zhengzhou 450003)

Abstract: Three air pollution events happened from November 28, 2016 to January 11, 2017 in Henan Province. They occurred
during November 28- December 5, 2016, December 15-21, 2016, and December 28, 2016-January 11, 2017 respectively. Each
pollution event lasted several days, especially 15 days for the last one, with magnitude of moderate or above. Four days after the
second air pollution process, serious pollution was spread from the north to the south covering the whole province. For enabling
better forecast of consecutive air pollution event in the future, this study analyzed the evolution of meteorological elements and
the situation of the upper ground surface of the three pollution processes in detail. Weather features with predictive significance
were summarized. Serious pollution weather may be triggered in case the temperature difference between day and night drops to
4~6°C, dew point temperature drops to 0-5°C, the wind is about 2 m's™, and pressure amplitude is less than 5 hPa. During the
pollution period, there were more short-wave trough activities in Henan. The ground was generally equalized or saddle-shaped
probably because of the west-to-southwest airstream in the long-term. Air pollution is prone to occur when the pressure gradient
was small, and the wind force was weak. As indicated by the L-band sounding data, heavy pollution may occur when there is
temperature inversion below 200 m, the wind speed below 100m is less than 3 m-s™, and the relative humidity of the surface layer
is about 50%. The pollution will be weakened but not completely removed if there is light rainfall. When the sky turns into a
stronger northwest airstream or the ground has strong cold air south (i.e., the pressure gradient force increases and the wind force
obviously increases), the polluted weather will be completely disappeared.

Keywords: consecutive pollution, characteristics of the situation field, evolution of meteorological element, L-band sounding data feature
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Spatial-Temporal Patterns of Lighting and Disasters in
Shanghai from 2009 to 2017

Fan Yunxin®??3, Xu Wei"?, Mo Li"?

(1 Key Laboratory of Environmental Change and Natural Disaster of Ministry of Education, Faculty of Geographical
Science, Beijing Normal University, Beijing 100875 2 Academy of Disaster Reduction and Emergency Management,
Ministry of Emergency Management & Ministry of Education, Beijing Normal University, Beijing 100875
3 Shanghai Meteorological Disaster Prevention Technology Center, Shanghai 200030)

Abstract: In this study, the spatial-temporal patterns of the lightning strokes and disasters of Shanghai were analyzed based on the
ArcGIS technology and statistical method. The results showed that the annual difference in lightning was obvious in Shanghai.
Lightning was frequent from June to September and from 12:00 o'clock to 19:00 o'clock. Northwestern areas, especially the
central urban area, Baoshan district, and the north of Pudong district, had high lightning density. Trough type weather was easier
to trigger lightning than other types of weather in Shanghai. The spatial-patterns of lightning disasters were very similar to the
ones related to lightning. Power facilities damage was the most serious lighting disasters.

Keywords: lightning hazard, lightning disaster, spatial-temporal pattern, Shanghai
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Temporal Characteristics and Influencing Factors of
Visibility in Baiyun Airport from 2005 to 2017

Guo Zhiliang*, Gao Conghui’, Xie Wenfeng', Chen Shumin®, Li Weibiao®
(1 Meteorological Center of Middle South Regional Air Traffic Management Bureau of CAAC, Guangzhou 510000
2 Fujian Meteorological Center, Fuzhou 350000
3 School of Atmospheric Sciencess, Sun Yat-sen University, Guangzhou 510275)

Abstract: Based on the automatic observation system data of Guangzhou Baiyun Airport from 2005 to 2017, and the observational
data of PM, ; at Huadong Station from 2012 to 2017, this study analyzed the temporal variation and influencing factors of visibility
in Baiyun Airport. The results showed that the visibility of Baiyun Airport tended to increase year after year, and the frequency of
low visibility << 1000 m trended to decrease. The diurnal and seasonal variation of visibility was significant, and the visibility was
usually lowest in the early morning and was improved significantly in the afternoon. Visibility was significantly and positively
correlated with wind speed, relative humidity, and temperature, whereas it was negatively correlated with PM, s and relative
humidity. Among all factors, PM, ; had dominant control on visibility. With increase of relative humidity, the visibility decreased
slowly and markedly when the relative humidity was below and above 80%, respectively. When the wind speed was less than 4 m/s,
the visibility increased with increase of wind speed at a greater rate at higher relative humidity conditions.

Key Words: visibility, meteorological element, PM, 5 concentration, correlation analysis
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Characteristics of Lightning Activity and Lightning
Disaster in Hunan

He Qiuyan, Liu Yueyu, Yang Jiayang, Guo Bin
(Meteorological Disaster Prevention Technology Center of Hunan Province, Changsha 410007 )

Abstract: Based on the thunderstorm observation data from 1956 to 2013 of meteorological stations in Hunan, the
lightning monitoring data from 2008 to 2017, and lightning disaster data from 2002 to 2017, the spatial and temporal
distribution characteristics of lightening activities and lightning disaster in Hunan were analyzed. The results showed that
the annual average number of thunderstorm days in Hunan was 49.9; it decreased at a rate of 3.493 days /10 years. The
CG lightning return stroke observed in the whole province was on average about 340,000 times per year, with July and August
being the peak months of the lightning return stroke. Hourly distribution of lightning return stroke appeared as a single-peak
which occurred mainly from 15:00 to 17:00. Yueyang, Changsha, Huaihua, and Shaoyang were the lightning disaster-prone areas.
Most lightning casualties have occurred in rural. Therefore, lightning protection safety work of the rural needs to be strengthened.

Key words: lightning activity, lightning disaster, distribution characteristics, lightning protection of rural
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VR Technology Application in the Skills Training for
Guarantee of the Ground Meteorological Observation
Equipment

Duan Wenguang®, Liu Yan’, Duan Wengiang®, Shi Yongwei®, Li Qiuming", Jia Yiyang*
(1 Lanzhou Meteorologic Bureau of Gansu Province, Lanzhou 730020 2 Lanzhou Weather Modification Office of
Gansu Province, Lanzhou 730020 3 Jiuquan Meteorologic Bureau of Gansu Province, Jiuquan 735000)

Abstract: Virtual reality (VR) has been widely used in many fields in recent years. Its application to the skills training for
guaranteeing the ground meteorological observation equipment not only reduces the hardware investment and enhances the
training effect, but also to improve the practical repairing skills of technical staff who are looking after the basic meteorological
equipment. This paper introduces the VR technology and implementation tools and analyzes the application scenarios of VR
technology in the training of guaranteeing ground meteorological observation equipment. Then, simulation-training system
of virtual observation field is designed. Finally, the basic interactive design and implementation of virtual observation field is
discussed in detail.

Keywords: virtual reality, virtual observation field, simulation training system, interactive design
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The Cause and Numerical Prediction of a Strong
Convective Weather Process at the Southern Foot of
Yanshan

Cui Fen’e’, Chang Juzheng®, Yan Chengyu', Zhang Chenyu®

(1 Qinhuangdao Meteorological Bureau, Qinhuangdao 066000
2 Qinglong Manchu Autonomous County Meteorological Bureau, Qinglong 066500)

Abstract: Based on the MICAPS conventional observation data, regional automatic station, satellite cloud pictures, and Doppler
weather radar data on June 28 and 29, 2013 in Qinhuangdao area, a local torrential rain process was analyzed. Several numerical
products from the aspects of circulation situation, influence system, and precipitation elements were inspected. The results showed
that the mesoscale convective complexes and super monomer in linear echo mainly contributed to the short-time strong rainfall
in the northern mountainous area. The heavy rain area was located in the TBB maximize gradient. Yanshan mountain terrain
lifting effect and mesoscale wind field convergence triggered this process. The numerical model products had certain ability
in forecasting rainstorm, but the heavy precipitation center predicted was deviated to the north and failed to capture the heavy
rainstorm area > 100 mm. Different numerical models produced different results in terms of the position and intensity of the
heavy rain. ECMWF mode was more accurate in predicting mid- and upper-level air circulation in the Asian region, but it was
less accurate in predicting weak upper trough system. When all numerical prediction models predicted to rain in the cold vortex
weather situation, the precipitation level was consistent or similar. When the Japanese FAX forecasted about 25 mm rainfall in the
vicinity of Qinhuangdao, the precipitation level in the northern mountainous area of Qinhuangdao can be increased by an order
of magnitude or larger by including the topographical effects. Because the numerical prediction was difficult to incorporate the
terrain effect, the prediction was usually unsatisfactory at the small-meso scale system.

Keywords: low vortex, numerical model test, heavy rain
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Fig. 2 Wind field and hourly rainfall (The red area represents Qinglong station)
(a) 2000 BT on 28 June; (b) 2300 BT on 28 June 2013
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Fig. 3 Infrared cloud image (a) 0830 BT on 28 June, (b) 2230 BT on 28 June, (c) 0030 BT on 29 June and (d) 0330 BT
on 29 June 2013 and hourly precipitation (e) at Qinglong station (The white circle represents Qinhuangdao)
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Fig. 4 Combined reflectance (unit: dBZ) and hourly precipitation (unit: mm) from 2100BST 28th to 0200BST 29th
(a) 2100BST on 28 June; (b) 2200BST on 28 June; (c) 2300BST on 28 June; (d) 0000BST on 29 June; (e) 0100BST on
29 June; (f) 0200BST on 29 June
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Fig. 5 Moisture flux divergence field (units: 107° g-s™') and specific humidity (units: g-kg™) at 850 hPa at 2000 BT on 28 Jun
2013
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Fig. 6 The vertical cross—section of potential equivalent temperature (units: K) along 119°E with the radial
component of the wind velocity (a) and sounding figure from Beijing station at 2000 BT on 28 June 2013 (b)
(The black represents potential equivalent temperature; the red represents radial component of the wind velocity)
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Fig. 7 The vertical cross—section of vertical velocity (a, units: m/s) and divergence (b, units: s™') along 119°E at 2000 BT
on 28 June 2013
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Fig. 8 The actual field at 500 hPa and the corresponding forecasts at 24 h, 48 h and 72 h: (a) EC model,;
(b) T639 model (black: actual field, red: 24 h forecast, yellow: 48 h forecast, blue: 72 h forecast)
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Fig. 9 Wind field at 850 hPa and 24 h forecast from EC (a) and T639 (b) models (black: observed value, red:
Larger than observed values, blue: Less than observed values)

@

(b ©

(d) )

® (9)

E10 201346 H28 08T =629 08K RFAPE/KEFIRKZZR ( BAAI: mm)

(a) T639; (b)EC; (c) BARMMK;

(d) BRFEEFAX;

(e) GRAPES; (f) &&%WiR; (g) LR

Fig. 10 Forecast and reality of cumulative precipitation (unit: mm) from 0800 BT on 28 June to 0800 BT on 29 June 2013
(a) T639; (b) EC; (c) Jap-thin; (d) FAX; (e) GRAPES; (f) Provincial forecast; (g) Actual
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DOI: 10.3969/j.issn.2095-1973.2019.06.010

Precipitation and Air Temperature Characteristics and
Karst Landform Solubility Analysis for Recent Half
Century in Leishan Guizhou

Yi Zhixue
(Leishan Meteorological Station, Leishan 557199)

Abstract: Temporal variations of air temperature and precipitation in the past 55 years were analyzed for Leishan County by
using statistical methods and observational data of Leishan National Weather Station from 1961 to 2015. The results showed that
rainy days at Leishan County in the last half century mainly occurred in June, with average rainfall and rainy days in June being
250.5 mm and 18.9 days, respectively. While the average annual rainfall increased at a rate of 0.37 mm per 10 years, the annual
rainy day decreased at a rate of 3.07 day per 10 years. The main reason was the increase in the rainfall intensity and frequency
in summer followed by winter. Annual average temperature increased at a rate of 0.08 degrees per 10 year with more obvious
increase in the recent 10 years when there was an obvious increasing trend of amplitude between trough and crest. Air temperature
increased in each season to different degrees, with winter (0.12°C/10 years) followed autumn (0.11°C/10 years) being the season
with the greatest increase. The increase in annual precipitation and annual average air temperature resulted in a potential increase
of Karst landform solubility and erosion.

Key words: precipitation, temperature, characteristics, solubility
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Calculation of Saturated Vapor Pressure at
Temperatures Below 0 C Under Different Conditions

Li Wei, Gu Xiaonan, Hu Jingbiao, Wang Chaoqun, Qi Ying, Wang Xiaomei
(Jilin Weather Modification Office, Changchun 130062)

Abstract: Using the sounding data at Changchun Station in January and May of 2018, theoretical analysis and case calculations are
carried to discuss how to properly apply the saturated vapor pressure formulas to water and to ice when the temperature is lower
than 0 °C under different conditions. The saturation ratio of the actual atmosphere on May 29, 2018 is calculated. The saturation
state and particle phase of the cloud corresponding to different saturation ratios are analyzed. The results show that: according
to the "Regular High Air Image Observing Service Specification", data calculation and physical meaning, the precipitable water
can be calculated by only the saturated vapor pressure formula with respect to water; To discuss the formation, growth of cloud
particles and microscopic physical processes of precipitation, it is necessary to consider which saturated vapor pressure formula
should be applied according to the phase of the particles and the surrounding environment in which the particles are located; The
calculation of sounding data shows that there is coexistence of ice and water in the actual atmosphere, where it is saturated with
respect to water and supersaturated with respect to ice; there is an environment where is unsaturated with respect to water and is
supersaturated with respect to ice at 400 hPa in actual atmosphere.

Keywords: saturated water vapor pressure, precipitable water, heterogeneous nuclearization, saturation ratio
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Evolution and Benefit Analyses of Weather Modification
Operation Capacity in Baishan City

Guan Zhiyu
(Baishan City Meteorological Bureau, Baishan 134300)

Abstract: This paper analyzes the temporal and spatial distribution of precipitation in Baishan. The demand of forest fire
protection, forest growth, reservoir impoundment, etc. are summarized in details. Considering the current situation of artificial
rain increase in Baishan city, the importance, relevant opinions and suggestions on economic and social benefits of the artificial
weather influence in Baishan, are put forward. The average annual precipitation in Baishan City is 859.6 mm, but distribution
in time and space are severely uneven. The forest coverage rate is 83 %, but forest fires are increasing year by year, so the
demands of forest-economy, reservoir impoundment and droughts on agriculture are in outstanding. Since the 1990s, Baishan
City started running the operations of artificial weather modification, at present, there are 30 ground operation-stations, and the
annual rain(snow) operation capacity can reach up to 1-3 billion cubic meters.Based on following 3 typical cases, the Changbai
Mountain Forest Fire Prevention Operation on May 29, 2012, the Qujiaying Reservoir Water Storage Operation in March 2018,
and the Agricultural Drought Control Operation in July and August 2014, we analyzed the main role of artificial weather impact
on forest fire prevention, reservoir impoundment and drought resistance in Baishan city. According to existing operating capacity
in Baishan, the importance of economic and social benefits by the artificial weather influence in Baishan are estimated. Then
it is concluded that the number of operations per year should be about 20 times, which is expected to produce ¥ 90 million in
economic benefits. Therefore, it will be a higher input-output ratio for Baishan city.

Keywords: Baishan City, anthropogenic influence on weather, development, benefits
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Fig. 5 Relationship between water content of the forest
combustible and the continuous days without precipitation
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Quality Analysis and Assessment of Rainfall Data at
Regional Automatic Weather Stations in Jilin Province

Yu Cuihong
(Jilin Weather Modification Office, Changchun 130062)

Abstract: The rainfall data at regional automatic weather stations can provide effective data support for meteorological warning,
decision-making services and effect inspection. Establishing scientific and effective methods for quality assessment and control of
rainfall data is essential for improving the applicability of rainfall data. Based on the historical data of 5-year rainfall observations
at the regional automatic weather stations in Jilin Province, this paper presents a method for quality control of rainfall data to be
suitable for the province, then uses this method to analyze and evaluate the rainfall data, and finally reveal error and abnormal
data. According to the proportion of errors and abnormal data and the proportion of corresponding sites, it can be initially judged

that the data quality is relatively high and the usability is good.

Keywords: regional automatic weather stations, rainfall, quality analysis
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Fig. 2 Flow chart of the rainfall data quality assessment flow chart
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B3 HEMERBANSKUHMNESE (KiR<—5 CHRE
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Fig. 3 The four elements data of Jilin Province automatic
weather station (temperature <—5 ‘C or temperature >38 C)
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E4EHE XIS B [KIEMEE200604 ( 1HE8F/NHREHEE E % IME > 81 R EHIE )
Fig. 4 The four elements data of Jilin Province automatic weather station 200604 (Abnormal data with an absolute value
of the difference between the two consecutive hours of temperature data greater than 8)
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Diagnosis and Analysis of Meteorological Potential
Conditions of Lightning in the Northeast Cold Vortex,
China

Wu Manli', Chen Ligiang®

(1 Liaoning Branch, China Meteorological Administration Training Center, Shenyang 110166
2 Institute of Atmospheric Environment, China Meteorological Administration, Shenyang 110166)

Abstract: The northeast cold vortex in China is a typical weather system in which lightning often occurs. In this paper, the
meteorological potential conditions of lightning in the northeast cold vortex are analyzed by statistical analyses and a case
study. The results show that the weather conditions include a strong air flow, sufficient water vapor and strong energy. The
strong potential vortexes corresponding to the cold vortexes in the middle and upper layers provide potential conditions for the
occurrence of strong convection. The mature energy of convective instability of the cold vortex is located in the southeast near
the center of the cold vortex. The large value coincidence area of the jet stream, the air vertical velocity in low layer, the higher
temperature in upper while low temperature in lower layer, the specific humidity and other physical quantities are corresponding
to the lightning occurrence.

Keywords: Northeast cold vortex, lightning, meteorological potential conditions, diagnostic analysis
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Fig. 2 500hPa height (solid line) and convective effective potential energy (dashed line) for July 9-13, 2005 (a. at 08:00
on July 9, the development stage; b. at 08:00 on July 10, the maturity stage; c. at 20:00 on July 10, the weakening
stage; d. at 20:00 on July 13, the weakening stage)
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Fig. 4 The cold vortex cloud (purple line represents surface pressure field, green line represents current weather and
6—hour precipitation, + represents lightning) from 17:00 on April 22, 2017 to 14:00 on April 26, 2017 (a. 17:00 on Apr 22;
b. 08:00 on Apr 23; c. 02:00 on Apr 24; d. 14:00 on Apr 24; e. 14:00 on Apr 25; f. 14:00 on Apr 26)
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Fig. 5 Mesoscale analysis of lightning occurrence conditions on Apr 24, 2017 (THU7R)
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Application of loT Technology in Weather Modification
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(1 Weather Modification Division of Department of Emergency Response, Disaster Mitigation and Public Services,
CMA, Beijing 100081
2 Weather Modification Centre, Chinese Academy of Meteorological Sciences, Beijing 100081)

Abstract: With the rapid development of computer and network technology, the IoT (Internet of Things) technology has been
being applied to weather modification activities. The application of IoT technology has effectively improved the level of
information and automation of weather modification equipment and ammunition management. Furthermore, it has improved the
standardized and scientific level of weather modification work across our country. The application of IoT technology in weather
modification is reviewed in this paper. The IoT based weather modification system, which has been promoted and established
from national level, is used as an example to analyze the function, application, and effectiveness of the [oT technology in weather
modification. Finally, the existing problems in the application of the IoT technology in weather modification are analyzed and
some suggestions are put forward.

Keywords: weather modification, [oT technology, application
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Fig. 1 Flow chart of the weather modification system based on the loT technology
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A Case Study of Design and Effectiveness Analysis of
the Rainfall Enhancement by Aircraft in Jilin Province

Sun Haiyan', Gu Xiaonan', Wang Qi"?, Qi Yanbin®?
(1 Jilin Weather Modification Office, Changchun 130062
2 Joint Open Laboratory for Weather Modification of China Meteorological Administration / People’s Government of
Jilin Province (Key Laboratory of Jilin Province), Changchun 130062)

Abstract: Based on the observation data of Doppler radar, precipitation and aircraft, the design and effect analysis of rainfall
enhancement in Meso Scale Vortex in Inner Mougolia Irrigation Area of Yellow River which moved towards Northeast and
influenced Jilin Province on April 12, 2016 were carried out. According to the requirements, the implementation scheme of rainfall
enhancement was designed. The influence region and the control region were selected. Changes of radar echo and precipitation
in these regions before and after the operation were analyzed. Result shows that Meso Scale Vortex in Inner Mougolia Irrigation
Area of Yellow River moved towards Northeast and was in cooperation with the upper trough. It brought plenty of vapor to
Jilin Province and was with good seeding conditions. By considering many influencing factors, the flight operation scheme was
designed and the operation was carried out. By comparing, the echo in the influence region is obviously stronger than that in the
control region. Echo maintenance time is increased. The analysis shows that the maintenance time of precipitation in the influence
region is also longer than that in the control region.

Keywords: rainfall enhancement, influence region, control region
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Fig. 1 (a) Surface pressure at 08 BT on April 12, 2016; (b) 500 hPa height, 850 hPa wind and 850 hPa relative hu midity
at 08 BT on April 12, 2016 predicted by ECMWF model
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B2 (a)201654A128 108347k %; (b) 201654 H12H08 ~ 148/ 1 X FiRE
Fig. 2 (a) Super cooled water at 10 BT on April 12, 2016; (b) Potential areas of rainfall enhancement from 08 to 10 BT on
April 12, 2016
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Fig. 4 (a) Flight route on April 12, 2016; (b) The influence region, the control region, and radar reflectivity at 07 BT on
April 12, 2016
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Fig. 5 Section of radar reflectivity at 08:18, 08:34, 08:44, and 09:16 BT during the seeding time
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Fig. 7 Numbers of stations with different amounts of one-hour rainfall in the influence region and control region before
seeding (07BT), during seeding (09BT, 10BT), and after seeding (12BT)
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Analysis of the Current Ground Weather Modification Operation
Situation and Development Demands in Jilin Province

Xing Fengjuan', Xu Le?, Mu Qingchen', Wang Dexin', Cui Hong*
(1 Jilin Weather Modification Office, Changchun 130062 2 Jilin Province Meteorological Bureau, Changchun 130062)

Abstract: Based on more than 700 questionnaires as well as field and telephone surveys about ground operators in Jilin province
ground weather modification operation in 2018, this paper analyzes the current general situation of ground operators on 4
aspects: age distribution, education level, occupational status and working time. This paper also analyzes the current situation of
ground operation stations on the number of operators, personal insurance as well as the labor protection, and the current ground
modernization service on the operation command ability, operation ability and supervision ability. Then, it puts forward the
demand analysis of the development on the ground weather modification operation in Jilin province.

Keywords: weather modification, ground, status, demand analysis
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Fig. 1 (a) Percentages of the ground operators’ age and (b)
percentages of the ground operators' educational levels
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“It has been fascinating to see first-hand the incredible
work taking place at the Flood Forecasting Centre (FFC) as
we celebrate its 10-year anniversary. This week alone, the FFC’s
forecasts have helped colleagues at the Environment Agency to
issue well over 200 flood alerts and warnings to help keep homes,
businesses and communities safe. I’'m looking forward to seeing
how the FFC develops an even deeper understanding of how we
predict and prepare for weather events over the coming years. This
work builds on the government’s £2.6 billion investment in new
flood schemes to better protect 300,000 homes by 2021.”

“HEAVRAL R B, ARIR A I B BRI
(FFC) FHR 9 5 —F Ao b AR b TAE, AULE ), FFCHY
TRARFEA BT IR By 69 15) FAA TAIL 2004 3K FAE, £&
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FTIRM AR S RAF o7 @ 0 LR ZI LR R LA T
FEAEFTHLR F 49261035, PME 202143724 30% 7 R
e 0 BT MR AP, 7
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Rz BOHKFIRAG (FFC) m1710A%, FFGES&RBIS
SEESRRERIKXFEE—H, BEXEIRIAIHKR
2 HOKERKRebecca PoWlELESiENP AR 7 LIAEE.
“NOAA is a pioneer with a strong track record of applying the
latest science and technology and these new strategies will allow us
to dramatically expand these applications across our mission areas.
These detailed strategies will enable us to achieve our priorities
of reclaiming and maintaining global leadership in numerical
weather prediction and sustainably expanding the American Blue
Economy.”
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“Emerging technologies like Al, unmanned systems,
‘omics’, and cloud services hold incredible promise to solve our
greatest challenges. The Trump Administration remains committed
to unlocking this potential for the benefit of all Americans through
national strategies and initiatives. NOAA’s emerging science
and technology strategies demonstrate our whole of government
approach to innovation and we look forward to continued
collaboration and leadership.”
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R RENTE E RIS ARBET IR A 2. B S8 8 T
B LB B EE R RS A7 KL TR RBAL H.
NOAAK) T #+5 Ao AR WK & B T BRI 69 T A, &A1)
IR ey oA Fad 4R, 7

—iER, NOAAFALUGHIANRA, &R&RTHIEI I
SISHIERARENL (B12816H) . EEXNEARES,
NOAAHITEIENeil JacobsfSHFFRAIERTS, EEBFEFER
ABERMichael Kratsios EHEE FIxX—a e 4%,

“WIFIRE was created to integrate real-time information about
wildfires and to use such information for predictive fire behavior
modeling. Every fire starts out small. If we can get on top of it in its
incipient phase, we have the opportunity to stay on offense. We're
saving lives. That's the number one thing.”
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B XA,
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