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Advances in Research of Impacts of Aerosol Pollution
on Crop in China

Zhao Junfang', Jiang Yueqing’, Zhan Xin"® Kong Xiangna"*
(1 State Key Laboratory of Severe Weather, Chinese Academy of Meteorological Sciences, Beijing 100081
2 National Meteorological Centre, Beijing 100081
3 Resources College, Sichuan Agricultural University, Chengdu 611130)

Abstract: Aerosol emissions formed by polluting gases are rapidly increasing since the industrial revolution. Consequently,
haze and fog frequently occur and there are widespread concerns about the possible harmful effects of aerosol pollution on crop.
This paper summaries a series of scientific achievements of the impacts of aerosol pollution on crop in China in recent decades,
including mainly about the possible impact of aerosol pollution on crop, the impacts of aerosol pollution on crop growth and
development and yield formation, and so on. Finally, based on the current researches, we point out the insufficiency at present

studies and some areas which is needed to be improved, then put forward prospects of the researches in the future.

Keywords: aerosol pollution, radiation, crop growth and development, yield, effect
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Abstract: According to the China Statistical Yearbook (2017) , China Flood and Drought Disaster Report(2016) , National
Ministry of Civil Affairs Annual Social Service Development Statistical Report and meteorological department statistics on
rainfall over the years, this paper analyzed the characteristics of flood damage in China since 1950a . The results show that the
flood damage and the area of disasters, house collapse, population death, and direct economic losses in China had a decreasing
trend, especially in 21th century, while there was no significant increase or decrease of precipitation in China. Thus, it illustrates
that China had achieved significant results in last 76 years based upon respect for natural laws and scientific governance to against

floods disasters.
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by flooding in China for 1978-2016
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Fig. 4 Variation and trends of mortalities and its disaster

loss index caused by flooding in China during the period
from 1950 to 2016
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Table 6 Interdecadal variations of disaster loss index for
affected areas and injured areas caused by the floods
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Table 7 Interdecadal variations of collapsed houses caused
by flooding in China during the period from 1950 to 2016
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Analysis of Characteristics of Lightning

Li Guoliang *, Li Jun ?, Li Xiang*
(1 Hubei Lightning Protection Center, Wuhan 430074 2 Hubei Meteorological Information and Technical Support
Center, Wuhan 430074)

Abstract: This research aimed to improve the detection of lightning before it occurs in order to provide an improved prediction
method for lightning. Using observation data from a lightning locator, Doppler weather radar and meteorological satellite data
from the Hubei area, this paper analyzed a strong Hubei thunderstorm and weather processes from August 30th to 31st, 2014. The
study considered the circulation background, system mechanisms, radar reflectivity, high echo top, vertically integrated liquid and
characteristics of cloud maps. Our analysis showed that under the influence of a mesoscale convective cloud system, time and area
of the lightning corresponded to the area of the radar with intense echo reflectivity and high cloud tops. When the regional echo
intensity was 40 dBz, maximum of 45 dBz, echo top was above 9 km, maximum up to 17 km, K index was not below 36 and most
of the vertically integrated liquid was more than 6 kg/m?, with the largest range of up to 20 kg/m?, thunder and lightning weather
were forecast.

Keywords: weather of the thunder, characteristics analysis
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Comparison of Winter Wheat Output Forecast Methods
in Jingzhou

Ai Jinsong"?, Sun Yuxuan®, Liu Kaiwen"*
(1 Collaborative Innovation Center of Remote Sensing Technology in Ecological and Meteorological Monitoring in
the Jianghan Plain, Jingzhou 434025 2 Jingzhou Meteorological Bureau, Jingzhou 434020 3 College of Resources and
Environment, Yangtze University, Jingzhou 434025 4 Jingzhou Agrometeorological Trial Station, Jingzhou 434025)

Abstract: The data for sunshine duration, precipitation, daily temperature, development stage and yield of winter wheat between
1970 and 2016 in Jingzhou were used in this research for establishing an output forecast method. A meteorological influence index
and a climatic suitability index were tested to compare the forecast accuracy. The results showed that the prediction accuracy of
the meteorological influence index method was higher than the climatic suitability index, and its calculation is relatively simple.
Under the premise that the prediction accuracy is relatively stable, the optimal date for winter wheat harvest is April 10th in
Jingzhou, according to the model forecast.

Keywords: winter wheat, meteorological influence index, climatic suitability index, output forecast
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KHEZE  69.41 91.25 67.17 73.11 92.74
4F10H
AL 96.44 94.91 77.51 93.22 92.67
KMERE 9558 91.25 83.63 93.81 92.47
4/20H }
IIEErS 96.45 94.92 89.70 96.73 91.05
KRR 67.59 92.17 76.83 66.26 91.84
4F30H :
etk 83.25 95.18 82.40 78.94 96.79
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Construction of a Comprehensive Index for Assessing
Agroclimatic Patterns by Year and Application on the
Jianghan Plain
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(1 Wuhan Regional Climate Center, Wuhan 430074 2 Jingzhou Meteorological Bureau, Jingzhou 434020
3 Collaborative Innovation Center of Remote Sensing Technology in Ecological and Meteorological Monitoring in the
Jianghan Plain, Jingzhou 434025)

Abstract: Construction of a comprehensive evaluation index based on hierarchical indicators is important for meteorological
services. Taking into consideration the degree of agroclimatological resources and agrometeorological disasters, a general
framework and comprehensive index for the assessment of agroclimatic patterns by year was proposed based on the climate
suitability functions and agrometeorological disaster indices; a division was made according to percentiles. The proposed index
was then applied to a case study in the Jianghan Plain, demonstrating the potential for a long-term climate change assessment and
ranking of the patterns for each specific year. Results showed that the comprehensive index reflected the interannual variability
of agroclimatic conditions, as well as the temporal trends in the background of climate change. With a relatively comprehensive
content and sound physical basis, the indicator system was convenient for public understanding, and thus could meet the needs of
agricultural and ecological meteorology operations.

Keywords: agroclimatic resources, agrometeorological disasters, agroclimatic year patterns, Jianghan Plain
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Using a Machine Learning Method for Temperature
Forecast in Hubei Province

Tan Jianghong"?, Chen Weiliang™?, Wang Shanshan®
(1 Jingzhou Meteorological Bureau, Jingzhou 434020 2 Collaborative Innovation Center of Remote Sensing Technology

in Ecological and Meteorological Monitoring in the Jianghan Plain, Jingzhou 434025 3 Wuhan Central Meteorological
Observatory, Wuhan 430074)

Abstract: A prediction model using LightGBM was established according to a regression analysis using ground observations of
temperature, ERA-Interim data and 0-12 h forecast data. Tests on the data set from January to April in 2018 showed that the mean
absolute error of the temperature decreased from 1.8°C to 1.1°C with the EC model, the prediction accuracy increased from 65.9%
to 86.6% and the coefficient of determination was 0.97. This model has been operationalized by the Wuhan Central Meteorological
Observatory. The forecast score from February to June in 2018 showed that the accuracy of the highest and lowest temperature
forecasts were 76.1% and 91.5%, respectively, which was significantly higher than that of the numerical weather prediction,
and the minimum temperatures were better than current forecasters. As a young machine learning frame, LightGBM has strong

prospects for application in meteorological forecasting.

Keywords: machine learning, decision tree, LightGBM, temperature, forecast experiment
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Table 1 Main parameters of LightGBM

n_estimators learning_rate num_leaves lambda_I2
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Table 2 Goodness of fitting using regression

RMSE MAE  REZRE EIREFARY FURERARE
0.82 0.63 0.99 3657 3796
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Table 3 Examples of model forecast at 5:00AM on March
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Characteristic Analysis of Flood Monitoring in Wuhan
City Based on GF-1 Remote Sensing Data

Zhang Liwen"?, Liang Yitong"?, Li Lan'
(1 Wuhan Regional Climate Center, Wuhan, 430074 2 Collaborative Innovation Center of Remote Sensing Technology
in Ecological and Meteorological Monitoring in the Jianghan Plain, Jingzhou 434025)

Abstract: Severe flooding and river embankment dam collapse in Wuhan City was caused by heavy rainfall from June 30 to July
6, 2016. In this study, GF-1 WFV images before and after the floods were used to analyze the spectral characteristics of water
bodies during the flooding period and to compare the suitability of this data for extracting various types of information about the
water bodies using NDWTI thresholds and object-oriented classification. An optimal algorithm was adopted for monitoring the
flood disaster. The results showed that the object-oriented classification method was superior to the NDWI threshold method for
extracting the results of different types of urban water bodies during the flood season. The flood submergence area caused by
flooding of rivers and river embankments was effectively identified from GF-1 WFV images using object-oriented classification
methods. The results provide a reference for the application of GF-1 image analysis to monitor urban flood disasters.

Keywords: GF-1 WFV, flood monitoring, NDWI, object-oriented, water identification

0 3§

3971 kK R P B A S R I 2 AT T R T A S
R 55 E 2 — A SR SEREIT 2
AL ST B VI B A BT IR K A S AR
RGN GRS T2 R P B 2 I i A R (0 AR B
FE, 3T K R A R I R S R, — BRI
BB B K A, A2 A0 I 7 5 PR3 T vk
R R B WA, 2 [ AR EEIR R S A
SAF. RIS L IR PR R R 4 K AR A IR
SR 4 T 1) A 2% % R DRI 6 0 5 1R FEEY, ROU T G
MU B K A A RS T T B o AR .
R, BRI o 2 W 5 P4 e S RS 2

BAS B 2018 -6 A 16 B ; 5= E 4 : 2018 7 A 27 H
% —4F4 - kX (1985—), Email: luomarsp2013@163.com

Advances in Meteorological Science and Technology & #RE 8 (5) - 2018 | 51

TS S e S B A B 7 R
PEEBEME AR LG RN B 2kss. #s
JO T HANSZ o T e I S AR som SR 35, ARk B
T B I A 14 30 25 WU 2 52 1 Ay o B A [ SR AH
ST I TR (it B R A ph SR B b R 1 R T
AN RS2 ) S R R AR v B R 1B 5 BRI A %
H L ARIRE i, B P72 16 2208 = A R
=% 2. MODIS. Landsat. SPOT. ¥ i T
B, TR BEE 3 EASAR. ASAR. SSM/I.
MRIZER ™ Pl E e & #R TR H A T4 ek
X ey Bl vk v, X DA R4 T ROBE /N b B o 1% i
SEATIL N PR SR . 20134 - mr — 5 LA
PRSI 3 ROBE L 55 MR AT 1 &%
MR . H RTES GF-LRAR B AT K MAAE B AR T 72
W, TR KRB RE MAZ L. K



]
= $ =‘-v

SR
dvances in Met S&T

PRAE it 7 R A A, R A XA ) T4k
IKARIX, FEE KR S 8w L R R A R, 4E
FEE B KA ERAERIIE N E . A E
7ELA20164E6 H 30 H—7 H 6 H 5 i 3 35 F% /K 5 20k
Pk Es o FENH, TR S — 5 AR AR K
PR IETERFAE 73 A S K AR U I8 B BT B, 9RAN I
WARERMHTH.
1 HRE=
1.1 HAERER

2 3¢ DAL T X3 5 30k 1 DU 5 X3 A A 9 IX
B, SRR ERX . X, EHX. X,
RUGX . MLEX . MEEX AR DX,
1201646 H14HGF-1 WFV 4. 3. 1 GIEZ 4. 4.
W) ZWEBARE (LD Fim. BFRXT S AX A
RARME, ORI LHICREN R BW. FFREK
Wi BRI B X S AT S /N T R KA

31°15'N

3I°N

30°45'N

30°30'N

30°15'N

30°N

113°45'E 114°'E  114°15'E 114°30'E 114°45'E  115°E

HEE L : UTM, Zone 50N RGB& Ry
Tk k. WGSs4 R:G:B=b4:b3:b1

E1 FREGF1-WFV&iEiEa 5 E
Fig. 1 GF1-WFV multi-channel composite map in the
study area

0 5 10 15 20 25 30 35 40
km

1.2 SEPEMITIE

XF20164EHERI W] (6 H18H AHE, 7H21H HiHg)
T X5 E ol (B ). BB, B YLE A
PO HEEWNESTER, 6H30—7H6H (LR EFRT
H) B X8R BE g K2 (E2)
LB SR R ETEIRSG  CGEIOBE2MD id#k, 1T
B OHrNEEvhT R W R S T S AR . R X
DU X J i 11X [ 5 3k A0 X3, 1 290 3 e 9 00 00 50

BHATIDW = [ 4 {E, AR 7 H BB W & 2 8 59 A
FRE. B3 A, BT AR O RTER, =
AR TEX . Brmx . 55 5X K 24 X K HB
HiIX 7 H B R AR R = 50#8500 mm, HHEE700 mm.
I VR o A R 3 g DA b X H B B R T P R
TR BT K
2 HIES5HZE
21 ¥

MRYE S REAE o0 Mr, 3 B 5w b N Ik A 5 i B[R]
Bl HONIE 25 444 102016466 A 14 H A7 H 9H HIGF-1
WFVZ ik PR G E AR 8RR . GF-1T
SR TWFVL., WFV2, WFV3HIWFVAPLMWFRVAL
JRES, [R5 MR B8 AT IR 800 kmZE 45 . WRV &K
A EESHINERL s

RNHEBR A R AR B 2% e KRR E F G R, &
JECH A B T A B O FE LS . S e SRR K i AR R ]
(3L 57 7 J5 P GF-1 WRVEAG AT iR i e s, FHd
HFLAASH R SR IE A EIMR R %, LA15 m
Landsat8 OLI4 {4514 F130 m DEM v, wohidt i
T 5 R S5 RS A5 0047 1E 5 A2 1 DAY il M A5 A s 22
I 55 5 b s AR B I s LG . B, IEEUE A
XREDR, X ZEAHRZGEITE], FEHFTX A
B R AT KA AR S KA B 228 A0
PLE BT A GR-1WRV LS 1) Tl kb 22 i #2359 fEENVI5.3F1
ArcGISF- & 5l

[FRF, g5 G X 2 85 K LLGlobeLand307*
i 9 LA B B 12015430 m i 78 o5 2 A MRS B T
J& R AT VEAL o
22 Ak
2.2.1 KRR B FEHEARSAE 5347

PA7 A6 H W7 X i [l AL B /5 (I GF-1 5218 N
B, EEEARE. M, EEY. . & Kk K
B2 7R 2R B (O /K AR SO0 43 RT3t~ T8
FRFH MG R SRk X428 (1) 31 BYFE Hh A 9 IR X,
Gi it GF-152 45 430 18 1 15 1 3% S B 38 22 ) D6 WG R AF il
4. WE4als, A UMK S A A BL T 2 A A
BOGEARAE, BRI AZ R BURS . Bmat
SRR e B A 2T 40 e i, HLDY ANl T8 1Y) S o 28 8 e A
R TF At B304 K Rt (e 2 2 I Bk i 188
SR AW RN, (AR IR A N o A Ath S A
b, mESMEERNGR SRR, EikashdE
RSB R . MZKEEE, TR R I 7E I8
T8 BT 21 A EE SRR IR T RS TRIR AN
B (B4) , K#&(EEEHMMYE LRI HEZEE &

52 | Advances in Meteorological Science and Technology S&EH%#tR 8 (5) - 2018



=2
gg
F o

3001 m 54 m B mirE R
250 -
£
£ 200 -
i
g 150 -
o 100
A | I
0 II.Il al i_ll J_ il IJI Ll.I i i i | — Il 1N
m m m m m m m m m m m m m m m m m
[ee] o o~ <t © (o] o o~ <t © [ee) o o~ <t [{e) [eo) o
iy m m m m jing m ~ ~ ~ ~ m o m m m m

B2 HiNHR5MERIE2016EHTE BEMESIT A
Fig. 2 Daily rainfall characteristics of five national meteorological stations in Wuhan municipality during the rainy season
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Table 1 Main parameters of remote sensors
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B1 (i) 0.45~052 16
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B4 CE4T41) 0.77~0.89 16
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Table 2 Accuracy evaluation table for water bodies in the
flooding period

REVEAEE (%)

ik TETR ARAE AIWE FEAE WEK
NDWI B {# % 98.2 719 92.0 41.9 72.0
IR 55728 100 87.5 97.3 61.3 90.7
K REALL 55 32 75 31 75
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The Extraction Method of Rape Oil Planting Distribution
Using Per-Field Classification Based Optical and
Sentinel-1 SAR Images Data

Chai Zhengang', Hu Peimin*®, Xiong Qinxue™*
(1 Qianjiang Meteorological Bureau, Qianjiang 433100 2 Collaborative Innovation Center of Remote Sensing
Technology in Ecological and Meteorological Monitoring in the Jianghan Plain, Jingzhou 434020
3 Jingzhou Meteorological Bureau, Jingzhou 434020 4 Agricultural College of Yangtze University, Jingzhou 434025)

Abstract: The aim of this research was to improve the accuracy of crops distribution classification using Sentinel-1 SAR data. The
method involves extracting the crop field border using ZY-3 satellite multi-band optical data based on image segment and merge
methods, then averaging the RADAR backscatter coefficient of SAR data within each object which eliminates the influence of
coherent speckle noise. Through the analysis of SAR backscattering characteristics of various ground objects which created pure
pixels (identified by ground investigating using GPS), we found that the backscattering coefficient values were higher than other
crops in March and April. We determined that the rape oil plant areas were characterized with SAR backscattering coefficient
values being more than 2.1 and less than 3.5, and the NDVI index being greater than 0.3 on 27th February (filtered for the non-
planting areas). Using these rules and SAR data that eliminated the influence of coherent speckle noise, we calculated rape oil
planting spatial distribution in Jiangling County. The classification results were verified using GPS within a 5.35 km2 (length 2.57
km, width 2.08 km) area which had wheat and rape oil planted, and the KAPPA coefficient was 0.88. The accuracy of the spatial
distribution of rape oil plants was improved over the use of traditional classification methods. The SAR data from Sentinel-1 is not
affected by clouds, therefore data needed for this method can be obtained regularly. This method is suitable for crop cultivation
spatial distribution information needed for business operations.

Keywords: boundary extraction, Sentinel-1 SAR data, crop cultivation spatial distribution, field-based method
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The Impact of Land Use Change on Flood Disaster in
the Honghu Lake Watershed
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Abstract: The Honghu Lake watershed is a district with abundant fish and rice. The area has suffered long-term flood damage
and the most serious schistosomiasis epidemic in China. It is necessary to determine the cause of flooding in this area. Based on
meteorology and land use data of two locations with a similar history of heavy rainfall, a “torrential rain flood submergence”
model was used to simulate, compare and analyze scenarios. The results showed that the water area ratio in the Honghu Lake
watershed increased from 11.70% (in 1995) to 14.95% (in 2010), which is mostly aquaculture area. It also showed that it was
aquaculture which lead to a decline in bearing capacity for flooding, which was amplified by an increase in fish pond areas. We
conclude that protection of ecological environment in wetland should be carried out by implementation of policy of restoring the
lake from the land.

Keywords: Honghu Lake watershed, land use, submerged model, flood disaster
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1995—2000—2005—2010 EFR/km’ 1995—2000—2005—2010 EFR/km?
M — 7K — 7K — K3 423.68 HhHh— V5 b — 7 P Mt — e M 69.71
B —H i — 7K 5 —K I 370.12 Hb b — AR A — A b — R ) 3 29.73
it —BEh—Hh—K s 197.48 KGR H—H s —H 46.93
A I — 7K I — 7K s — K3 80.00 IKIE—7K I —7K I —H 35.67
I FH b — R Pt — i — K8 24.09 IR — 7K 3— R ) b — A P 30.80
SRR P b — 2 ] s — 2 ) Pt —K 35k 23.01 IKIR—ARF FH h— A P b — R ) 61.31
HH— Bk — I — 2 15 172.58 A — P — it — B 24.59
B — B — %2 15 FA b — 7 1 P 21.47 R H— R FH b — R ) F b — 10.68
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Fig. 3 Interannual variation of fine aquarium at Honghu
and Jianli County since 1990
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Fig. 4 Precipitation distribution between July 14-21, 1996
(a) and July 8-16, 2010 (b)
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Table 2 The flood area under different senarios calculated
using the rainstorm flood model /10° hm?
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Table 3 Statistics and disasters related to rainstorms in
Honghu Lake watershed in July 1996 and 2010
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Correlation Analysis of the Air Quality and the
Meteorological Elements in Jingzhou from 2014—2016

Deng Yanjun"?, Zhao Zhuoxun', Li Ling?, Zhang Lunjin
(1 Jingzhou Meteorological Bureau, Jingzhou 434020 2 Collaborative Innovation Center of Remote Sensing Technology
in Ecological and Meteorological Monitoring in the Jianghan Plain, Jingzhou 434025
3 Jingzhou Environment Protection Monitoring Station, Jingzhou 434000)

Abstract: The daily air quality data in Jingzhou city from January 1, 2014 - December 31, 2016 and the daily observation data of
ground meteorological elements in the same period were used to analyze the air quality status, variation characteristics and the
correlation-ships with meteorological elements in Jingzhou. The results show that the air quality in Jingzhou was slightly improved
during the period from 2014 to 2016 and less pollution occurred on fine days. The primary pollutant was PM,s. The monthly AQI,
PM,,, PM,¢, SO,, NO,, and CO has a ‘V’ shape variation, while O, reverses. The air pollution was the most serious in winter and
relatively light in summer. The AQI and the concentration of pollutants except O, are positively related to the AQI and air pressure on
previous day, and are negatively related to the temperature, aqueous vapor pressure, humidity, cloud amount, precipitation and wind
speed. The regressive prediction models of AQI and the concentration of pollutants are established based on the analysis. The cause
of a serious weather pollution case in January 2014 is further analyzed: the distribution of local pollutants, the importing pollutants
and the meteorological diffusion condition are the main factors affecting the air quality in that month.

Keywords: AQI, pollutant concentration, meteorological element, correlation analysis, regression model
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Fig. 1 Percentage of air quality grades in Jingzhou during
the period from January 2014 to December 2016

2014—20164F, M3k X AN [F] 55 2 2= S i &= H
(R WTUEH, XSERFAMBX SRR
AEaH, MEHHEMZ, BEBREU LR EH
Wb, 20144E5 9 HBON175 d, 2015812016443 il
913871139 d, H 5 LA™ G gy H 4 R
/b, 2015F120164F A HI B ™ H 5 G

F1 2014—2016F FIMBEX A RS R TS FRERL (84L: d)
Table 1 Days of various air quality grades in Jingzhou

from 2014 to 2016
E: 30 I Il Il v % Vi SRAH
2014 18 161 106 30 32 7 175
2015 24 203 20 35 13 0 138
2016 33 192 109 22 8 0 139

2014—2016%F, I3 X 1 2295 Bt IO 26 A
ERPM, s (£2) , FLHIPI565 d, X34EAIPM, s
PR R E T, KRR REA, tHil242 d, 2014—
20164F 1 By5 e N A H AR 3 i, 20144F4Y
37 d, 20164EMN#130 d, FEHIAEL—10H; B
BT YW APM o R #8208 d, 2014—20164F 1% 4k
TR BT B NNO, I R BUNAE 20154 H BL5 d,
20164F i Hl4 d, B EI5 Y IR SO,MICO.

F+z2 2014—2016FEHESTEYHM B S (B4L: d)
Table 2 Days of primary pollutants occurred in Jingzhou

from 2014 to 2016.

303 NO, 0, PM,, PM, 4
2014 0 37 82 224
2015 5 75 55 212
2016 4 130 71 129
i 9 242 208 565

212 SKREMSEYMHNE T
HAQIFI6 5 Ye Wik FE A &4k (2) mI 41,
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Fig. 2 Monthly variation of AQI and pollutant concentration
in Jingzhou from 2014 to 2016
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22 EREHESRENTN
221 AQl, BEYREE|SKERHEXH
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HiEZ HE¥FEKEE. HESATH &/MEXEE
LHHPHAZEAKRE. YHHMBKE. 4H
(H¥%. HER. B K. HHER %, LA
Jii— HAQIZFE194N K7, F1| F PearsonAf ¢ £ £ 73 #r
AQURIEF 5 Rk 5 R B R IIAH Rk .

HR3ATAT, AQIFIEF T Yk % 5 191 4] i K]
TFHIFHRHT, BRAQIS H HER 4. NO,5 H HIEHR
. O, 5 HMKXGE. CO5 H e/ MEXHERE Bl &
FHHERL, PMy 5 HHBR . 0,5 H & KR E H i
ita=0.05/KF 1) B AL, HAhtd@id Ta=0.01
K B S A B

AQI L BT5 MRS, BRO4L, HET—HAQIE
IEMRK R, AQIEHT— HAQIH > R =1£0.73, Uil
SR ERA S, AT SR = WA
K, ZEFREA AN HEFLENG Y EFLRE, H
A=A E R 05 R Fa R 2

*3 2014—2016FH MR AQIR6MTAMIRESSKEZNHEXRY
Table 3 Correlation coefficient between AQI, concentrations of 6 pollutants and meteorological elements in
Jingzhou from 2014 to 2016

YHEREF AQl SO, NO, PM,o co 0, PM, 5

ii—HAQI 0.730%* 0.372** 0.352%* 0.716** 0.531%* —0.087** 0.741%*

H P E 0.267** 0.532** 0.475** 0.338** 0.234** —0.466** 0.333**

H s SUE 0.269** 0.543%* 0.477** 0.344** 0.241%* —0.468** 0.335%*

H AR 0.269** 0.530%* 0.489** 0.335%* 0.239** —0.466** 0.336**

SR AR E 0.093** 0.243** 0.106** 0.155%* 0.094%* —0.170** 0.111**
HE< 00 —0.304** —0.524* —0.431%* —0.377** —0.349%* 0.628** —0.398**
H i —0.252** —0.425** —0.340%* —0.322*%* —0.305%* 0.701** —0.355**
H AR —0.333** —0.596** —0.493%* —0.404** —0.366%* 0.535** —0.413**

Sl H 0.157** 0.346** 0.317** 0.150%* 0.103** 0.498** 0.085**
H Pk ¥R —0.332%* —0.578** —0.493** —0.407** —0.319** 0.477** —0.396**
SRS T —0.188** —0.331* —0.217%* —0.203** 0.090** —0.339%* —0.102%*
FI $5e N AR 8 —0.232** —0.454** —0.396%* —0.252*%* —0.019 —0.444%* —0.146**

H P8 = —0.101** —0.249** —0.216%* —0.080** —0.075* —0.354** —0.041
ER (P —0.316%* —0.368** —0.333** —0.326** —0.195** —0.156** —0.300%*
H K E —0.218** —0.269** —0.239%* —0.210** —0.124%* —0.135%* —0.189**
FI~F- 35 X —0.202** —0.372%* —0.554%* —0.221** —0.215** —0.127%* —0.195**
H 5 KR —0.236** —0.327** —0.522%* —0.236** —0.261%* —0.061* —0.241%*
SR NP —0.254** —0.342%* —0.508** —0.259** —0.277** —0.040 —0.266**
ERELEINE Vs —0.0208 0.096** 0.0554 —0.078* —0.095** 0.565** —0.127**

i CAEET o« =0.05k TR REMERE; “ABEIT « =0.01KFHREMEKRE,
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F4 AQIR6HS MR E R B A TR 5 12
Table 4 Regressive prediction model for AQI and concentrations of 6 pollutants

A E)3F5 7 SHEXRE
AQI 790.76+0.67X,~0.7X5,—1.02X5,—0.26 X,—1.63X5,—0.48X;~3.1X;, 0.773
SO, 128.16+0.06X,~0.07X,,—0.84X;,~0.38X,~1.01Xs,~0.16Xs—6.5X, 0.734
NO, ~35.9240.05X,+0.1X,,+0.13X5,—0.79X,—0.48X5,~0.05X,—8.99X, 0.766
PM, 737.05-+0.88X,~0.63X,,—1.02X5,~1.16 X,—2.42X5,~0.52X,~4.94X, 0.776
co 18.71-+0.004X,~0.017X,,—0.039X, 0.1 X,~0.004X,~0.002X;—0.033X,, 0.641

0, ~151.01+0.06X, +0.14X,,+6.31X,~3.39 X, +1.75X5,+0.08X,—2.51X,+2.77Xq 08
PM, 564.95+0.54X,~0.5X,,~1.73X4,+0.36 X,~1.09Xs,~0.27X,—2.95X, 0.796

E: X ARW—BAQL XA HRRSE; XpWBHRERE; X BRESE; X BHRERE; XA BFHKEE; X, ABFY
BRZE; XoABFHEEE; X ABMKE; X0 BFHRGE; X, BRARE; X8 B R,

2.2.3 Wi AQI ERFIR T2

FI 2017 4532 H M < % 8 & W 2R A
AQl, BRI SFESS, LRI IEAQI I Fiik
FHRRMRERE (85) , T LUAE HAQITRIR 5 FEHER: TR

TR ERET2%, WK —EHH16.9%, i K
PIAEEL0.3%, f/h— 5L A9.2%, fi/h245E
P151.6%, ESELFRLSH, ATRUNE I RRRY
KPR BSE
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Table 5 The hit rate (%) by the regressive prediction

model for AQI
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WE: HEIRIEE ( Leaf area index, LAI) SHEYMXERNFDVEX, BIEMEOKEANTN~ENEEZRFES
#, MASEEREEIIREYLAIRELIREN, A7 EZARBREG T NELAIREN RES LT KNE
B, E5L/NELAGEEAEE, AN NEZLARENBES XL HIERES, AN BPRANEHAESE
?uaﬁ,tt:.?ﬁﬂﬂéﬂﬁn_ T, EWSFMERISE, BEMAXAF. DESFERITF R, WERRBHALNEZHEIRIE
BWNIRE, EREJR, EANEPLEMA—NFEERHAST (AESED ) BUMLADEE KNER G, B
BHI4 BIEVI2FIMNDVIFL &R B S, B2, BHSKEA B SNDGHI AR ERT . FARBHARE GBI
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BSIE, ¥WARIRESN 4081, 0.78, 0.63, 0.82, 0.91, BESFITH, FAEBEHNDHLENIRELLEAEIHS—
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XE: LR, By, HERER, SHEER, GHERLY
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Estimation Model of Leaf Area Index of Winter Wheat
Based on Hyperspectral Reflectance at Different
Sowing Dates

Fan Jian', You Hui*®, Liu Kaiwen*®, Gao Huadong™*
(1 Jingzhou Meteorological Bureau, Jingzhou 434020 2 Collaborative Innovation Center of Remote Sensing Technology

in Ecological and Meteorological Monitoring in the Jianghan Plain, Jingzhou 434025 3 Jingzhou Agrometeorological
Trial Station, Jingzhou 434025)

Abstract: Leaf area index (LAI) is closely related to the photosynthetic ability of plants, and its measurement helps to evaluate
crop growth status and forecast yield. Hyperspectral remote sensing can be used to acquire crop LAI in real time. This research
aimed to establish the best hyperspectral monitoring model for winter wheat LAl under different sowing dates and to improve
the forecast precision of the LAI estimation model. The experiments combined ground measurements of winter wheat LAI data
with canopy hyperspectral data from four sowing dates. Eight kinds of vegetation indices were comparatively analyzed, then LAI
monitoring models for different winter wheat sowing dates were constructed using correlation and regression analyses. The results
showed that in comparison to LAI, spectrum monitoring models established for four different sowing dates and from all sowing dates
together, the first and fourth sowing dates were better fitted using EVI2 and mNDV]I, respectively. The second and third sowing dates
and all sowing dates together were best fitted using NDGI. The determination coefficients (RZ) for the first, second, third, fourth and
all sowing dates together were 0.803, 0.823, 0.907, 0.819, and 0.798, respectively. The model was validated using experimentally
collected LAI data and inversion LAI data. The root mean square errors for the fits of the first, second, third, fourth and all sowing
dates together were 0.81, 0.78, 0.63, 0.82, and 0.91, respectively. Our results show that monitoring models from different plant stages
with different sowing dates were better than a unified monitoring model with a mix of sowing dates, and the precision was higher.

Therefore, the vegetation indices EVI2, NDGI, NDGI, and

WS B 4 - 2018 45 A 29 H ; {4 = H - 2018 %57 A 19 B mNDV1 were selected separately to establish the LAI monitoring
%—fE . 4] (1962—), Email: 2395539244@qg.com models for the first, second, third and fourth sowing dates. This

result provides technical support for growth monitoring of winter

B 1E4EH © A (1987—), Email: youhuinuist@hotmail.com
i 4 © wheat at different sowing dates for farmers.

KINZ 3N T AL B AHIRATRE (JZ201701) ; #

LB A B BAELREATE (2015Q08) Keywords: winter wheat, sowing date, leaf area index,
hyperspectral remote sensing, estimation model
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Table 1 The vegetation indices
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Tl B LA AR 2 (SR SR=R,, /R, [13]
ZEigTE% (DVD DVI=R,;,—R, [14]
VA —1b 2 AR E (NDGD NDGI=(R,—R) /(R,+R) [15]
JA— AT E. (NDVD NDVI=(R,;;—R,) /(R +Ry) [16]
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Fig. 1 Changes in spectral reflectance of canopy at
different sowing dates
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Fig.2 Correlation between canopy reflectance and LAl of winter wheat in different sowing dates
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Table 2 Correlation coefficients between vegetation indices and leaf area index at different
sowing dates

- 5 EEE
! - OSAVA1 EVI2 NVI mNDVI SR TVI NDGI NDVI
REEH 0.819** 0.816** 0.850** 0.845** 0.832** 0.798** 0.891** 0.805**
FEHA 0.692* 0.799* 0.594* 0.651* 0.638** 0.698* 0.506* 0.646*
$EHA2 LAI 0.731** 0.734** 0.795** 0.817** 0.615** 0.697** 0.898** 0.693**
¥EHA3 0.880** 0.844** 0.898** 0.922** 0.919** 0.828** 0.952** 0.889**
HEHR4 0.879** 0.884** 0.863** 0.894** 0.892** 0.871** 0.871** 0.871**

i “RRTEO .01 K (W) EREFIEX; *RRFEO .05KF (WM ) EREEK,

80.91; FEHALIEE T EVI2%E 37 i Wa I A58 78 B AT 4 v 1
WA KEE, RPFIFSit &4 7 40.803F176.187, @it
STEVI2 W #5780 (1) 56 4E, RMSE ~0.81, Wl 2R
BAFs 2. FEHASIRESE T NDG I 37 5 = b 1)
PARIA, R4 51590.823F10.907, F&iit &4 A
86.278#11127.057, RMSE%}Jl>40.78%10.63, @it %
UE, NDG I AR B %) % 1A 2 K 4% HA 3 5 A 45 4 11 363 E
R R4 T mNDVIE S WA R B B
fIPLE K &, RPFIF St & 4> 7] 0.8194175.698,
RMSE ~0.82.
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Table 3 Quantitative relationship between LAl and the vegetation indices of winter wheat with different sowing dates

[\
=]
[
@®

& IR MEHRE R? FgtitE Sig. SEWLAI 5 RELAIFRIRZE (RMSE)
OSAV1 y=18.617x—8.875 0.668 128.478 0.00 1.17
EVI2 y=15.952x—4.9792 0.732 125.300 0.00 1.19
NVI y=0.6045x+-1.7345 0.723 164.166 0.00 1.07
TREHE mNDVI y=18.241x—8.4253 0.716 156.954 0.00 1.08
SR y=0.1525x+0.8623 0.693 142.048 0.00 1.12
DVI y=22.136x—3.0919 0.633 110.206 0.00 1.23
NDGI y=54.548x+1.4308 0.798 243.192 0.00 0.91
NDVI y=21.51x—14.335 0.650 115.781 0.00 1.20
OSAV1 y=14.015x—4.4722 0.479 16.528 0.00 0.82
EVI2 y=10.401x—0.456 0.803 76.187 0.02 0.81
NVI y=0.221x+4.8291 0.353 21.819 0.01 0.92
L mNDVI y=7.2511x+0.9579 0.423 13.220 0.00 0.86
SR y=31.766x—23.282 0.407 12.332 0.0 0.88
DVI y=0.2522x+0.7184 0.487 17.118 0.00 5.66
NDGI y=7.0328x+2.7324 0.456 16.187 0.00 0.98
NDVI y=16.069x—8.637 0.417 12.882 0.00 0.87
OSAV1 y=0.0106x+-0.7304 0.535 14.954 0.00 1.13
EVI2 y=25.592x—12.034 0.538 15.167 0.00 0.92
NVI y=0.7473x+0.7563 0.632 22.363 0.00 0.82
2 mNDVI y=52.899x—35.604 0.667 26.022 0.00 0.78
SR y=0.1969x—0.7156 0.465 14.681 0.05 0.97
DVI y=29.194x—5.9848 0.485 12.267 0.00 0.98
NDGI y=63.276x+-0.5884 0.823 86.278 0.00 0.78
NDVI y=73.625x—63.515 0.454 12.374 0.14 1.05
OSAV1 y=25.582x—14.299 0.774 44.585 0.00 0.99
EVI2 y=18.239x—6.7708 0.713 32.256 0.00 111
NVI y=0.6281x+1.666 0.807 54.213 0.00 0.91
] mNDVI y=23.641x—12.666 0.850 73.788 0.00 0.80
s SR y=0.1822x+0.1772 0.844 70.241 0.00 0.82
DVI y=26.268x—4.7804 0.685 28.296 0.00 117
NDGI y=66.174x+0.5712 0.907 127.057 0.00 0.63
NDVI y=232.497x—24.46 0.790 48.949 0.00 0.95
OSAV1 y=14.379x—6.218 0.772 64.339 0.00 0.98
EVI2 y=11.878x—3.1368 0.782 68.112 0.00 0.96
NVI y=0.683x+1.3516 0.745 55.525 0.00 1.04
o mNDVI y=14.181x—4.8695 0.819 75.698 0.00 0.82
SR y=0.1723x+-0.4218 0.796 73.937 0.00 0.93
DVI y=17.878x—2.2074 0.759 59.854 0.00 1.01
NDGI y=46.39x+1.8459 0.759 59.802 0.00 1.01
NDVI y=16.698x—10.398 0.759 59.925 0.00 1.01
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Influence of Meteorological Factors on Temporal and
Spatial Variation of Water Quality in Changhu Lake,
Hubei Province

Liu Tao"?, Xia Zhihong*®, Zhu Lang*®
(1 Faculty of Resources and Environmental Sciences, Hubei University, Wuhan 430062
2 Collaborative Innovation Center of Remote Sensing Technology in Ecological and Meteorological Monitoring in the
Jianghan Plain, Jingzhou 434025 3 Jingzhou Meteorological Bureau, Jingzhou 434020)

Abstract: The comprehensive analysis of water quality and meteorological data in Changhu Lake for 2014-2017 demonstrates
that the main problem of water quality in Changhu Lake is the eutrophication. The main pollution indicators are total phosphorus
(TP), total nitrogen (TN), and chemical oxygen demand (COD) and biochemical oxygen demand (BODs) on five days. Variations
in these indicators show significant spatial and temporal heterogeneity. In the space, the differences of TP, TN and COD between
inlet and outlet in Changhu Lake was obvious, but there was no significant difference in BODs. In terms of time scale, the overall
water quality was improved during the period from 2014 to 2017, but the indicators showed that seasonal variations appeared at
different levels, and the water quality was significantly affected by meteorological factors. The TP was positively correlated to the
rainfall, while TN was negatively correlated with the temperature.

Keywords: Changhu Lake, eutrophication, weather, temporal and spatial variation

0 3511 R UHRMEN . URSEEER, A TG e R

KAWL T LD IR M AR AL HR, 2l b 2R
ZROKNE, BIAEPYEIK R B, R TIELE K
L la), HMEEE. . . EFKEEZ M E
SRAIAE ST AE . AR TIRIBRE 1 10 44 B S R i A 7
FEHBAIK = B, WK AL R P AR AL B . LA
AEXRT WK BRI I 22 B v TG e KR, 3
BRI, W T KRS R AR 5 GUR R R
B R G FOE AN B> . REFFREY, IRH

WA E 1 : 2018445 A 300 ; {5 =AM : 2018448 A28
%—4 4% . 345 (1980— ), Email: liutao@hubu.edu.cn
WAEMEH . A% R (1981—), Email: 14694209@qg.com

(RIS 25 40 A A7 AE B 25 e 0, RIgk, R0 M Kl
KA TG G B 23 o A e s R S AR R R T 1 A ZE BR
2, X TRBER AL TR Bk 22 4r, OREEKH]
JE T R AR ARVE KR E,  DARAKBIKARTS
YLyh BRI AR A R A B AR B IS S
1 HESEWARAGZE
1.1 Xigi#En

KA TN ) B =R A4, ZHEF
)KL R29.0 m, BUAFMITAT AN Z1132.7 km?. 17K 3
BRI RSP RIS, PN, B3]
KL X% 2 PSR (D

78 | Advances in Meteorological Science and Technology S&%H%#tR 8 (5) - 2018



B iR R E R E
Fig. 1 Map of the studied area
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Table 1 The main pollution indexes and polluted degrees

at observed sites

. Bi% F£FE (mg/l) /SD MR
TR 2014 2015 2016 2017  (mghl)
TP 0231/0080 0.234/0.045 0.163/0.079 0.1650.060 <0.05
g 253/223  2.69/0.65 3.20/073 2.28/0.65 <1.0
&
COD 235109  2259.6  163/18  200/65 <20
BOD, 7.78/3.71  6.83/1.34 4.88/0.97 3.60/096 <4
TP 0089/0.048 007000032 0067/0.042 0110/0025 <0.05
TN 237217 182044 238054 155083 <10
AET cob 0ue0 2338 2481 19257 <20
BOD, 6.62/1.60 7.83/1.21 590/1.60 358/0.64 <4
TP 02000081 0242/0.060 0.144/0.075 01520064 <0.05
" TN 338235 285/0.76 343/091 2440027 <10
K COD  241/85 21847  184/18 17.8/30 <20
BOD, 7.95/2.88  7.67/0.47 543/1.44 320040 <4
TP 0204/0069 0.226/0.062 0.226/0.062 0.153/0.052 <0.05
P 3.40/2.05 2.83/062 301094 221/059 <10
COD 26275  231/7.0 13814 180/44 <20
BOD, 8.28/2.63 7.67/1.70 502/1.18 3.43/024 <4
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Table 2 Correlations of the pollution indexes with
temperature and rainfall at observed sites

BxiE *iEO eiig]s| BEds]
SE Kk SKE Kk SE Bk SE K
TP 0198 0468 0115 0431 0.247 0528 0.233 0.255
TN —0.413 —0.298 —0.463 —0.326 —0.341 —0.225 —0.307 —0.094
COD —0.008 0.003 0.119 0.165 0247 0.190 —0.175 0.051
BOD; —0.019 0.132  0.003 0.234 —0.029 0.108 —0.182 0.200

%3 2014—2017F Kt X 38 FEFIE R

Table 3 Statistics of the heavy rainfall in years between

2014 and 2017
F 2014 2015 2016 2017
A 3 7 8 6 7 8 4 7 5 6 8 9
B 11 1 1 2 1 1 2 1 2 1 1

“PHIHBERE (mm) 539 536 54.7 624 614 73.7 53.3 60.8 538 688 59.1 56.2
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Temporal Change and Trend Analysis of the Four
Seasons in Jingzhou During the Past 60 Years and the
Countermeasures in the Crop Growth

Geng Yifeng"? Huang Yongping'
(1 Jingzhou Meteorological Bureau, Jingzhou 434020 2 Collaborative Innovation Center of Remote Sensing Technology
in Ecological and Meteorological Monitoring in the Jianghan Plain, Jingzhou 434025)

Abstract: According to the daily temperature data, the seasonal duration and beginning date for 1955- 2017 at jingzhou station,
the seasonal time change trend was studied by using the Mann-kendall test and other methods. The results show that the growth
season in Jingzhou and summer prolonged significantly (P<0.01), while autumn and winter shortened significantly (P<0.01). The
spring had no obvious change. The extension rate (0.3725) in summer was the largest one, the shortening rate (—0.247) in winter
was greater than that in autumn (—0.1559). The seasonal beginning date delayed significantly in winter and autumn (P<0.01),
while spring and summer were ahead of time significantly (P<0.01).

Keywords: season, Mann-Kendall test, Jingzhou
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PARS 52 a8 1 DU 2 5 BRI RE 10 77 345t DY 25 4
HH, Pl ENEEK, FENFTRRNL.
. 2K MEHBOINEFR M. HRIAH,

ML DU =K AR AR BE IO, Rl —Z=77, K H
Bk B aE HA2~365 . BJEZN HH{UN34 d,
RAELELIITHFERKR; T A167 d, KAFELITHEE
Ko WNERTPYKERE, EFERENERK, &F
Rz, HEMKEKEMEEL. BE20FHKERZLD
FREERI215, B A PHZ & 344 163.9%.

F11955—2017&H M it X MES AT it
Table 1 The statistics of seasonal change during the period from 1955 to 2017 in Jingzhou

Az o= e =

K 147 (1955) 108 (2016) 167 (1997) 90 (1979)
oz 3571 63 (1977) 37 (1955) 87 (1970) 34 (1997)
FUREM g 111 68 123 64
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Fig. 1 The Mann-Kendall test of seasonal changes from 1955 to 2017 in Jingzhou
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Driving Forces of Changes to Water Surface Area for
Honghu Lake over 40 Years Based on Satellite Remote
Sensing Data

Liang Yitong™?®, Xia Zhihong®®, Wen Xiongfei*, Liu Jinghui*®, Zhang Liwen"*, Deng Yanjun*?
(1 Wuhan Regional Climate Center, Wuhan 430074 2 Jingzhou Meteorological Bureau, Jingzhou 434020
3 Collaborative Innovation Center of Remote Sensing Technology in Ecological and Meteorological Monitoring in the

Jianghan Plain, Jingzhou 434025 4 Spatial Information Technology Application Research Institute, Changjiang River
Scientific Research Institute, Wuhan 430010)

Abstract: To quantitatively analyse the influence of climate change and human activities on Honghu Lake, the water surface area
of Honghu Lake was extracted using multi-temporal remote sensing imagery including Landsat MSS, TM, ETM+ and HJ-1 CCD
from the 1970’s onward. Regression analysis was used to obtain relationships between lake area and precipitation, precipitation
days, and evaporation. The results show that there was a relatively large difference in lake area between different years and the
area decreased over 40 years, especially in the middle and late 2000°s. The area was influenced by precipitation, and the decreasing
number of precipitation days had negative implications for Honghu Lake water levels. Increasing human activity contributed to a
reduction of lake area. The regression coefficients of climate and human activities to lake area were 0.78 and 0.50, respectively,
which suggests the impact of climate change on the lake area is greater than the impact of human activities. However, the impact
of human activities on lake area has gradually increased in recent years. Less precipitation and the expanding influence of human
activities are the main causes of the reduced area of Honghu Lake in the middle and late 2000’s.

Keywords: Honghu Lake, water surface area, satellite remote sensing, climate change, human activity
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Fig. 1 The biomass index transformations

(a) 1973-11-02, Landsat/MSS (b) 1978-10-16, Landsat/MSS

(e) 2000-10-07, Landsat/ETM+ (f) 2006-10-16, Landsat/ETM+
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Fig. 2 Spatial distribution of Honghu Lake’s water surface observed by multi-temporal satellite
(Where the blue parts are the water surface in Honghu Lake)
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Fig. 5 The correlation between lake area and precipitation days
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Fig. 6 The correlation between lake area and evaporation
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Monitoring Cyanobacteria Blooms in East Lake Using
HJ-1 Multi-Spectral Satellite Images

Liu Jinghui*?, Wan Jun*
(1 Wuhan Regional Climate Center, Wuhan, 430074 2 Collaborative Innovation Center of Remote Sensing Technology
in Ecological and Meteorological Monitoring in the Jianghan Plain, Jingzhou 434025)

Abstract: This paper uses the mid-August 2009 cyanobacteria blooms in East Lake as a case study to comparatively analyze three
periods of the cyanobacteria bloom using HJ-1 satellite multi-spectral remote sensing data. Using RVI, NDVI and EVI index models
to extract cyanobacteria information, we determined the thresholds of the three models using verified sampling points, then analyzed
the accuracy of the three models and their discrimination of cyanobacteria blooms. The results show that HJ-1 remote sensing
data can be used to quickly identify the range and extent of cyanobacteria blooms. Atmospheric correction highlighted the spectral
difference of cyanobacteria and other features. The EVI method has high precision and can eliminate the interference of suspended
solids such as sediment when assessing water quality, and it can be used for empirical detection of cyanobacteria in urban lakes.
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Keywords: remote sensing, cyanobacteria, HJ-1, East Lake, multi-spectral
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Fig. 5 Three phases of HJ—1b remote sensing images showing a cyanobacteria bloom
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Table 5 Comparison of classification accuracy of three

methods
& AR/ BB/ % KAPPAZ £
RVI 50 84.00 0.757
NDVI 50 84.00 0.768
EVI 50 86.00 0.793
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Space-Time Characteristics of Net Primary Productivity
of Farmland Vegetation in Jingzhou City

Huang Duan™?, Chi Hong"®, Zhu Lang**, Deng Yanjun®*, Xia Zhihong™*
(1 Institute of Geodesy and Geophysics, Chinese Academy of Sciences, Wuhan 430077 2 University of the Chinese
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Abstract: Based on MODIS data and light energy utilization rate model to estimate NPP data, supplemented by climate and land
use data, by using the trend analysis, GIS analysis and statistical analysis method, we here discusses the space-time characteristics
of vegetation net primary productivity of farmland in Jingzhou City for 2000 - 2015. The results show that: (1) the annual average
NPP of farmland in Jingzhou decreased slightly, but the overall trend was stable during the period from 2000 to 2015. The total
amount of NPP increased in 2000-2005, the volatility decreased in 2005-2009 while increased in 2009-2016; (2) in terms of spatial
distribution, there are spatial and temporal heterogeneity in farmland NPP of Jingzhou city for 2000 - 2015. The annual maximum
NPP was in Jiangling County, while the lowest area was in Shashi District and Honghu City; (3) there was no significant change in
the NPP being about 64.32% of the Jingzhou farmland, while the areas with significant rise and fall were of 3.82% and 31.86% of
the farmland, respectively. The areas with significant increase of farmland NPP are mainly distributed in Jiangling County, Shashi
district, Jianli County and scattered in Honghu City and Songzi City. The areas with significant decrease of farmland NPP are
mainly distributed in in Songzi City, public security county and Shishou City, the southwest of the Jingzhou City, Honghu City; in
the northeast, named as Honghu City and in the northwest, i.e. Jingzhou District.

Keywords: Jingzhou, farmland, vegetation net primary productivity, space-time characteristics
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Evaluation and Comparison on Climate Suitability for
Tourism in Lichuan City

Wang Kai', Gao Yuan', Liu Min', Pan Hanbiao’, Xia Zhihong®*, Jin Yangiu', Wang Fangfang'
(1 Wuhan Regional Climate Center, Wuhan 430074 2 Lichuan Meteorological Bureau, Enshi 445400
3 Jingzhou Meteorological Bureau, Jingzhou 434020 4 Collaborative Innovation Center of Remote Sensing Technology
in Ecological and Meteorological Monitoring in the Jianghan Plain, Jingzhou 434025)

Abstract: Based on the meteorological data of 15 major tourist cities in China for 1960—2016, the comprehensive climate comfort
index was calculated based on the temperature humidity index (THI), wind-cold index (WCI) and holiday climate index (HCI).
The comfort index was calculated, and the comfort period was defined, and its distribution law was analyzed, then, based on the
remote sensing and environmental data in Lichuan for recent 5 years, the air quality rate and remote sensing ecological index (RSEI)
were calculated, and the ecoenvironmental quality was analyzed. The results indicate that: 1) The comfort period in Lichuan city is
between April and October. The number of comprehensive comfort days are 153 days, accounting for 42% of the total days per year.
The comfort days has increased significantly during the last 60 years, and the discomfort days sre decreasing. 2) in recent 5 years, the
air and water environment in Lichuan has been excellent, and the ecological environment quality has been maintained steadily and
steadily. 3) Compared with the main tourist cities, the regional meteorological disasters and the ecoenvironmental quality analysis
show that the climate suitability is superior for Lichuan ecotourism. 4) The latitude boundary of above mentioned comprehensive
comfort period is 25°N, and decreases with latitude in north. The comfortable days decreases with latitude. 5) The comprehensive
comfort period has a tendency to postpone with increase of altitude, the altitude boundary of the comfort days is 2500 meters,
and increases with the increase of altitude below 2500 meters, and obviously reduced with altitude above 2500 meters . 6) The
comprehensive comfort period around 30°N is basically 4—10 months, and the comfortable days are about 150 days.

Keywords: Lichuan City, ecotourism climate, climate comfort
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Table 1 Classification standard of climate comfort index*> '
5 IR (THI) XL (WCI) ERSEEH (HCI)
IERHEERE NEREBEIREE EHHETEE AGBRREE  EHREEER AGBEREE
1 0<40 e, WAEF IR <400 #E 90~100 BRI
2 40~45 TR, AER 400~650 Ui 80~89 LEiboa=
3 45~55 s, AR 650~800 R 70~79 RiEH
4 55~60 HER, RPIE 800~1000 % 60~69 EH
5 60~65 o, AR ETE 1000~1200 1R% 50~59 LA
6 65~70 BE, & 1200~1400 W BETE 40~49 —f
7 70~75 TRk, BEE 1400~2000 AU fEk: 30~39 RigH
8 75~80 IR, REFIE 20~29 HRANE
9 0>80 ML, AR IE 10~19 R ANE B
EFE 4~6%% (5%ffE) 1% 1~3% (1~24iffE)
E 1~2%%. 8~9%; 3~7% 7~9%;
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Table 2 Comprehensive classification standard of climate

comfort
THI WCl HCI MREEFE MM
g WME SH BE SR WME BHSW(S) fFEEE
1 —1 1 —3 1 —4
2 —0 2 —2 2 —3 $=3 #TE
3 —1 3 —1 3 —2
4 —2 4  —0 4 —1
5 —3 5 —1 5 —0 —1<5<3 -
6 —2 6 —2 6 —1
7 — 7 —3 7 =2
8 —0 8 —3 S<—1 AEFE
9 —1 9 —4

2 FFRESIEEEES T
2.1 FETEL R T 0%

AR SO F 3T 6 it T R B R S 7 4 SR,
TE I A0 % MV Ak B 25 700 it i 3% 7 o DA T s B A7
B MU, R STIR R 51 S T AT R
P, SRABEZEGE ARG R0, &AE
HCHE S SERT IR TR N S X 4

W A Bk AR IR N TR AR, IR R
R N 25 BN b, it Jie o U P W K 2R 4
(HH ORIFRESZR. AESTN) (GBT/18972-
2003) O AHEbR, IRIER G JEAE R G EE R R
NP AR . P 3 B U Ik T U s W ) 25 A VRN 45

i

REIR (R , HEH:AFEFT B A A5 m )
BRI IRWEIR T, BRAEEUER. WL, B, =
W B SKRF . P%. L. R#. B,
B WEPHL B, ANBKSELAEEIR TR R A SIS T
X

2.2 RiFESIREFEE

2.2.1 $EHT IS

RAFIH T H W T 25 A 87 & H A, SR
MEZEABGEHFEHRKEZEL~29 d, F7iEHHE
KRIEA—10H, WRIS A ABLGEEEFEHE L U A &
H#0k50% LA o &R 1 2 a5 456 87 1E H 3
N100~226 d, H:r200 dPA_E1)E. 150 dLA L6
FINgE A EME4—10H, HP5—9H AR A
& HHE20 dBA b, 5 H SR %1164.2% ~86.3%,
SEYIRT6%. K ZEEY AT EHECN153 d, o5
A RRHN42.0%, TERRVLH . ANEKH . JLEEW
Wz fE, My N. FNESESNHAHB%GEEEH
Hiid20 d, MIRTEEILTH, SEET. ANEKT
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Table 3 Comprehensive evaluation of tourism impact for major tourism cities in China

WH SE KR AOZE REARSH BERESH BETS SEHHI| | #Hih SE R AOZE REAESY BERZSH BETS SEHHL
HKE 20 10 08 3.0 18 8.6 1 Sl 20 10 0.8 1.8 1.2 6.8 19
L 20 06 1.0 2.4 2.4 8.4 2 BE 20 10 0.2 1.8 1.8 6.8 19
Hd 20 1.0 1.0 2.4 18 8.2 3 2 2.0 08 0.8 2.4 0.6 6.6 23
=l 12 10 08 2.4 2.4 7.8 4 #E 20 08 0.6 1.8 1.2 6.4 24
BiJH 20 10 06 2.4 18 7.8 4 ANHK 20 06 0.8 2.4 0.6 6.4 24
KEA 20 10 10 1.8 18 7.6 6 T 20 10 0.4 1.8 1.2 6.4 24
Pi% 20 10 04 2.4 18 7.6 6 16 1.0 0.2 1.8 1.8 6.4 24
JLEEW 20 0.8 1.0 24 1.2 7.4 8 M 20 1.0 0.2 18 12 6.2 28
#2010 02 2.4 18 7.4 8 T8 20 1.0 0.2 1.8 1.2 6.2 28
¥ 20 10 02 18 2.4 7.4 8 R 20 10 0.2 1.8 1.2 6.2 28
HEE 20 02 1.0 2.4 1.8 7.4 8 M 20 1.0 0.2 1.8 1.2 6.2 28
W 20 10 08 2.4 1.2 7.4 8 #HH 12 10 0.4 1.8 1.8 6.2 28
#il 20 06 1.0 18 18 7.2 13 Fii 20 1.0 0.4 1.8 0.6 5.8 33
b 12 10 02 18 3.0 7.2 13 M 1.2 1.0 1.0 1.8 0.6 5.6 34
Ky 20 1.0 06 2.4 1.2 7.2 13 K 12 10 0.2 1.8 1.2 5.4 35
W 20 10 1.0 2.4 0.6 7.0 16 W 08 1.0 0.6 1.8 1.2 5.4 35
MF 20 10 1.0 24 0.6 7.0 16 ||k 04 1.0 1.0 1.8 1.2 5.4 35
WK 20 10 1.0 24 0.6 7.0 16 A% 08 1.0 1.0 18 0.6 5.2 38
AN 20 08 1.0 2.4 0.6 6.8 19 FI% 08 1.0 1.0 1.8 0.6 5.2 38
¥ 20 10 08 2.4 0.6 6.8 19 i 08 1.0 1.0 1.8 0.6 5.2 38
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Table 4 Comprehensive comfort days for each tourist city

(unit: d)

W A 1 2 3 4 5 & 7 8 9 10 11 12 gﬁ
FN 0 1 4 13 24 26 20 22 25 14 4 0 153
R 1 1 6 15 20 16 10 12 19 17 6 1 124
YL 5 9 15 21 25 26 28 27 23 22 16 9 226
Hbk 5 6 11 19 17 6 4 7 17 26 20 10 148
=¥ 28 23 18 7 2 1 1 1 2 9 18 27 137
UM 2 3 8 19 24 14 4 6 19 27 15 4 145
JugEd 0 2 7 17 25 26 23 24 25 14 8 1 172
i 1 2 5 8 18 25 25 22 19 17 6 1 149
kEAE 2 3 9 19 22 14 5 8 20 25 13 5 145
6% 0 2 9 19 26 21 14 17 25 19 6 1 159
il 0 0 0 2 9 16 26 26 15 5 1 0 100
it 1 2 6 17 25 17 5 6 19 27 16 3 144
W& BH 0 2 6 17 23 18 9 14 22 18 7 1 137
A 0 2 8 20 26 18 10 12 23 24 8 1 152
AN#AK 3 6 11 16 21 25 29 29 21 12 7 3 183

HRH25.2%~48.4%, “F15N37.3%. F)I| L 4E4E
BIZEA AN EHE 38 d, HAFEERETI10.4%, H
BRE. AFK, FNEEL. SEKEGEEREHE
8% .
Kl1751960—20164FH) )11 L5 & &7 1d H 8 e AN iE H
BOREAL . TLLEH, UT604EF] )1 25667 H A2
BEMLZES (P<0.0D) , HIN#EZ% 4.9 d/10a,
%1188 d (20154F) , #/b4E117 d (19814F) ; F
NG ANTE HE R b s, % 2.3 di10a,
/L6 d (19994F) , FZ4H66d (20124F)

—— GHERMN —— REAY — — 4 CRIEH ) e (GFIE 20
2001y, 4884x 1 138.78 188
R,’=0.3735
180+ q
Y,=—0232X+44.78 e
T T
] 160 55 %
m m
v ¥
i;?i 140 140 i
120 125

10
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
A
El1 1960—20164F F I LR & 4F1& B # R A& B R F TN
Fig. 1 Interannual variations and trends of comprehensive
comfort and discomfort days in Lichuan City during the
period from 1960 to 2016

222 FFEANFHE

B 39 T i I KA BT OE M A N b E S R,
FPIEHILL25° NN FE, DAL Bl 46 P BRI T 3 m . DA
MR . 30°NMir&FIE R AE4—10H . Wik
EEE, KERMX (1000 mBLT) 475 81U .

KEMYIE AT, o EHELET, hEiEk
Hi[X (1000~2000 m) MHEFERIWIEK; milEkiX
(2000 mEA b)) #FiEAE K BRI . Ll
G — e R AR B — B

Z AR AE I SR B 3E H B BE £ FE 3 i 2 0 ek b
H, BRI RAE30° NPT, FEALRERELSO diEF s LA
PR = FE2500 mAFE, 2500 mLL T &% A Ak a4
FE R i, Hdh1000~2500 mig i It N B
¥ (P<0.01) ; 2500 mbA_FBH &b .

3 %it

1) RN A EFE R NA—10H, KIiK7ANH, Hi
5—9H H L& 6 H B N20~26 d, ZEEKLGE
APIEHBON153 d, 5 AR RE42%, A5 ki
W, ESESNAANGEAFEHEEL20d, 5
FJUEEETT . SELKTT AL F S HRHE T 26—

2) \Nofiiiid bE, A EagE L
25° NN, DAALBELE BRI I, PAm Rz R
e RN, AR, #1000 mLL
NEH . GEARE H BB ER I 20D A
PR FLA2500 moAy A, 2T Bl A i R I HS nm BE m,
2 LR .

SE UM
[1] 2%, BEH. FFALE SHARLTER 30 AR AR, 2001,

[2] Terjung W H. Physiologic climates of the conterminous: a
bioclimatic classification based on man. Annals of The Association
of American Geographers, 1966, 5(1): 141-179.
[3] Oliver J E. Climate and man’s environment: An Introduction to
applied climatology. John Wiley & Sons Inc, 1978.
[4] Tang M T. Comparing the “Tourism Climate Index” and
“Holiday Climate Index” in major European urban destinations.
University of Waterloo, 2013.
[5] S iE, SR E. o E i R AR AR E . B RTRF
%, 1998, 13(4): 304-311.
[6] x| iE&, T4, Vrithim. & B3R WK A0k 4 & . KR
%,2007,29(1): 133-141.
(7] BWAE, IMRAE. F B #5300 A AR 6T I, PR R R K
FFAR(E RFHFR), 2009, 37(2): 102-108.
(8] LA, IMRAF, Z#W, 5. Pk T4 Al AR 47 38 LR JOR A
22007, 29(6): 40-44.
[9] #E®, FER, NEE. WATRFEAGETEEL 2. ALFH
14,2015, 43(04): 669-774.
[10] 5=, 43, TR, %, FEARBAKRSL LRERKKEAE
43 I, A4, 2013, 39(9): 1221-1226.
[11] B33, Mk, REWH. WORER BT FRREEESAE TR
. HALA R, 1997(1): 40-42.
[12] 2, 224, T W4 R A G E B EHZ AR AR
W E I T E R, 1999, 1(1): 74-79.
[13] ZH X, EAA, 20, % Bl EMNARER RS TEREE
M XK KT PR 5 2R, 2014, 22(Z21): 39-44.
[14] x| E. BigMAGEESER L REN DR, R FER
RS & ik X, 2011
[15] e, A%, x4, 4. JHNWHRRALTAREL. ) AA
%#.,2004(3): 23-24.
[16] AIEX, FKHE. Fo T3 BT oy B B A0 T HE R K
B BRI A9 AT, 2014(2): 104-109.

104 | Advances in Meteorological Science and Technology S&EH%#tR 8 (5) - 2018



®

i

o

A S E R TR A B A A A MEH B R ST

B 3% A% 4 §%4

A FIR Y KT IRARIP Fo IR A BAT X R 7R T B A A [T A 25 8 B3
BA)— AP, @A B AR E KT R A SAME A IR AMEATE An i 2
M, 2R AKTRAESAMENSE A2 F A TR PR B TR, A

A A RRIEIRIT A E

A 2 ) JER — PR D % AN R 8 BT E, B
DRICR BURH e A2 A5 N PR B  BEAE it , OR3P A S Ik
ABTHEE, ABIMEME . ASFWR RN ER.
A IRBI “PIT. I BILASEE” %,

EEARRSEE, ABEEREERETEIAE
gep RN, B KAR WL B k. AR
ENTARAES T ES, AR EAERELESTN,
Forb, WU K R YR R A A )RR S A AN AT R AR )
W REEZRRECIFRE T ZRAFRBUK RIRAS
AMEHES TN ST BT 7T, B E I L AE T AR X R K B
PAEBAMEHATHIS A R AL, (ESEB b e
NI PEBUR AL, FrH 2 B Z A S AME T T E
PR 5 it te e -

1 REKEFRESHMEATK D
1.1 AKFEESHMERRE

"= 254M% (Ecological Compensation) 1 9444
FEMEAME (Biodiversity Offset) T i#E4T (K42 25 IR 4% A5t
P, HpAFEIXEAMER B RN T iRm0 IX
B s EcE H TRl i A A A S TR AR5
JRE X 3. K TR AR A M LRGP K B IR R 55 2h
RENEI, RFKZFEESKRERSME. ESHEY
A RENSEA, GaERTBRTsFR, A
BOKRIRAESHE R E . ZHE . ZHREHEET
Z [ 75 K R I EE L 5F 15

DRI A 7K B U PR A2 2 R 4 A A LG 4 50 0 b (XA
NI 2450 ) 26 DASRE A 2 K36 Bl K i F 2, 25 At
AT AME R TCIE A 2 K B IR AR A Hh X AR AR 1 . H R
J % ] B3 FH 0 R AR 4 7 AR S R RL (Bl
WO I THEAILAL, BE “HEORY, WESZED” RN
(Provider Gets Principle, PGP) A1 “H#:32325, xh

* W EEH: M & (1978—) , Email: xiaof@whigg.ac.cn

Advances in Meteorological Science and Technology & #RE 8 (5) - 2018 | 105

££” J5] (Beneficiary Pays Principle, BPP) , RI{#if
H WA E . ZaEMR, RYESBRMER RN .
T EAE R VL AR A AME R X PRI 7K EE KR
AR CRYIX . VLRI B P 5 W I [X 55 40 = 4 R 2R
U AT A A M
1.2 ERIMNRIEK TR MEHEE

HEl, fEEAN—LeE KO0 T ik R
BRSSP BUR S EAESE, Rl Rm a0 HH T
WAL 2 RIE R R RE R, TR T 2 RRA A&
SIMEMELAR R . B — 22Xt L T 2R =0
B o

PESHEX . BIEER S X T (Payments for
Environmental Services, PES) , =% il A Ak
SO N K BRI R ST SR A, TR b M2 3 3 2 1) K
HAEW. PAALZ) 9], 1Z%TT90% MR FH /K2 B iR
TR R R BRI AR L 1Y), 20t 42804FAR, RAE
TR N BRSSP A A X — A
TEEARARERIZE . AL EHRKE T 104F
WAE IR AR N B < BSudE AR AR, AT 2 7K
JoR B HT BV I ARAE R 7 20, 3 A 32 BORIE T K
PRSI BN AT A 4%, X R ECR A A AR
PESZEW . 8 [ 18 i S AT Bl & M i o i 15 5 AL il
EFAE G KA, ATIARIE T 48 1 3 K K 5
RS

BURAMERB . LR BEHEAAME, BEEH
AT R /K BRI AE A AME ) R B, R Z DL K e
WF RS AR I A, Gl IS U R SO AT X
K WHR BOESSE “BEER” 7 WA
S8 D DRI BN Ay J5 TR g Rl ) A &S 40 R g AT (R MEE 5 V5
BH RGN G e, BEEITRASIHMELE R
MEZR, HBUFEME—FMETT AT A S (M

T H AR A CABUR N o e U 2



]
= $ =‘-v

SER
dvances in Met S&T

B hnAR S B N TR A S AME B L T B, LI
ReEFEHAT =M. ETPHEXANFIA (ETHREK
BRI AeE BRI RIA T E

mip e . B 3RS R A L= 4 258
W39 5E 5 BSAY , BURBUR B3 IR 58 ik 55 2 g
WP ETTTIT R — AP AR 2. B IR X AR A M Y
FREREAT BRSO R AR R B A I A A A S R
BATAME . EREOATEAMSA. W5, THH
i~ A (D dRidsE. AMEE SRR A EME
BAHUE R TR S 1. REEEET SRR A "R
FRABUAS B o WKV HE T8 DR 3 e e AR B 5
J& T H R SE B R . B H AT D> BT S
Gy AT N, B0 R BRI “KBGE” 5.
1.3 Bk R RESIMEIRE T E

[E WAL KA R T 2 oK B AE S MR R T
BO5ik, HEMESAEAR, EHERBZHZUTIL
IREY

D AEBRP S RAVE . w24 R R bR A
2 WL X K B R R AT AR 25 S AT R 7 ) i A ik
TG, AR ERBARAERA . ERRARTE N
TFRAESRPMERMERRAKNANSL W W
1o TEERAS L A, B4R N IR ARSI
BT 2 BF NN RE SR K A B, P Al R (X 3K %
VRAMEERIBRAE . IX AR TV TE 75 J8 B X oK BRI L
N T ARV WA, BAER AT 5 W
TEtE, ZFIZMIEH. HE, ETEERBAR
REAFE B SLAONE O, M0 18]35 AR DX FE ANt o A R
Bz, AMEITAS T I ERE S AR, BB
BN A7 AR S -

2) KRBT BT . RIS XK B3R B
i W T 75 KB AR R A S AR, — 2 BAIX
IR BRI BN W B I K O bR, i DL XK BT
V5B U W T K e s O bR AE, X PR VA ER A
BTG “WEEYg, WRET WELN. frEZLNUE
N T WK SO RR A, A i X K OK RIE
b, W ETR U IR ANBEAT f 2 35 K 5 T AR AE K
B, MR B REATAME s K BAR T AR AEAK R
WU _E e R AT AMaE o IR 3 R AR 7K B R bR 1 % e
754K EERIE 58 AR 7 B 2 AR TR E
HEAR BN B0, IR VE M AME AR ELE IR,
I 2 A48 0y S, B BT 275 A8 WU A P4 58 TR U
DA L TR KPR AE A A L T AT W T
TR RPRAME o (ERE,  IX ML )t A AR Y R
IR, G R XK B R AR T i 3T AR R i T

AV RER G, SEEZHPAREEE S, WIRER
JBEUT, WK RS i, Frbl a2
SEAMENLEITCIEAT .

3) KEFEANEE. ETFKEIRATIZME, 1
I KT AP R 2 2 B2 K IX R K YR IX A, 3 & 7K
T5 X 1) 52 K XM o 30K 2 B T B PR /K SR VAN B T H B
s AU I KT AR SR I, R R T R
A H X R o AH R X Rl 7 AN 5 EE /K W Y8 1 4
WA, IR A 25 K BRI EHEE AN, sifad
FhEAFAESE, T AN E S5 A2 R Z A
2 ikl v
1.4 XIBRKFZRESIME

DL b s i B, 20174612 H1H, BT
R VOFFE A KT B s 7 W T K 5
BRAERAESAMEIMNEY , BBERITRNE A F
AR B A3 WA W W T AT K R B A% . T K B R
B LUK 548 A5 A D 85 5 W7 T8 7K 5 AR 28 R AR AR
P, R I L s W T K 5 A% i N S5t B
T KT FI 45 605 Jeda B, o 195 W THD KO0 e 5
BELbBl, STAT/KR “BEXRE” “ PRI MAES
AMEAZAESE . B AT ECDC B IR 5 S TH] A K B R AR
EAERN TN TR, HBUFITSG — S, (M2,
BB A ST b X M A A B
2 RERXIE/KERESMEFENDR
21 REBUKERESIMESLEIR

FERHALE T KRBV JE i) 8, AR A RME PR A
TR . (RN DA ST AT I 20 Y sk
IEERAT NG . OKISRBiaEE) HET74ME
“ [ 5 38 i W IO e S A T 2 ST AR A T K KR
9 XS AR . S0, YL B X KR A S
TRy AMENLE]” o 20134E11H, ikt )\Um =4
S — Dt e B AT AEASAMERI B, HEB)HLIX [A] G 57
R AE S M, @B A S AR BN A SIS
R . 2016 EE S ATHE T
Tl AL SR AMENLEI R ILY , AWrsE BB X
IS, RBHLZ USRI HMENLE], Z5Y
KAMETEH, SEPERAMEIRE. B, AR
. ORBMUEZ. KFAER016EBAHE T (T
P SR IR R R A S R AME AL R T =
DY 5 H A S B 5 48 Y S A 1) AR S ORI M
ot 1S S
2.2 AEFIMEPRAYIEE

B RAMERREAR G — o KBRS AME G — A

106 | Advances in Meteorological Science and Technology S&%H%#tR 8 (5) - 2018



P RS K B0 R B U UL %
K RGO AR, 3
oI S5 3 RV R 55 A
T R (SO GHFRLA T, KIS R
45 1 SHRFRHLN 0 S A s T AR LK B R 4
R H R AILR S LB R R, R, SOk
UM D3R E A M 7 . IR A
VLR 52 A (AT R 5 2 A
HERL A0 A AL AT S — R .

SHAAMETT R . F A7 LB 5%
ERHAMEIB, (RS SR
REFP BRSO M . U 6 1 2 28 AU
Bk, 2 IR ME. TIEAEHKE AP
HRERRATIR, IR RRRT R R
FI, AL R TR AR A
3 BIKARESMETHELREY
31 MK AT AAMER R H IR

kK AR 25— X S 1 2
WA, E NS R M%7 Rk
WA FEURI RIS B, (EAL R YT A B
P BEERL. B, BTG A R
R, AL O K B AR AT
B, RS BT BRIRE e, (R FIRL K 72
B AETh . @ ER AT Sk, #argi—.
P 583 B X IBOK BHIRAE S AMERI L, J9lE XK Bt
WA M BAR R R
32 BISTHMMERT

P A AME R SR XS R B 17 L R 25
W G RRAITRFHREI AR A,
FEIEIE IR A R X AR
RMAFR, MR, SR 2
FOTRVERRACTE . 3K A R R R
IIRTLIE L F = MAbr Re ik, B —A % 7T
MR AR

1) ERGEIE, ENMNE, HEEES
KRR A5 (R ST EL B O B R AR AT 4, {3
SR FE R K BRI 22 A TR 2
& T

2) FARAME. (6 G LR IEAR A IF
REAMS . HAH, ROHA RIS, Mk
PALEEH RT3, FHBIBAM A E B AT BT
P EER

3) MR . I I A AR A A

Advances in Meteorological Science and Technology & #RE 8 (5) - 2018 | 107

i

Ja, ZAMEHX SER T PR, HaR T RABH
HEN RHEAEER, (HE RN T RIEAE SRS R te,
EFRETAESRENETREERH, RIEES
R4 2 hee RIS # N &, ASHRPRRE L
HEFE,

Ak, EREFRBUFIMES TitMET R, 5
I BAMEG AR, MUZEAIEH, ERaAitEm
B A AMEFEAL N T K R A S PR SR THR R B
REJIMTE , RACEMERCR .

3.3 IEARFERESIMEITEE T ERE tMEIRE

1 ML VEME S . SR SHMEZE T
TEHAFAE — € 1R FR VR AT X S0E R, 7R bR I
GV RBKTPEEARK, KEAL LR H X 8,
& B TR BUKE R B s AR 7, R
FRRET R B ERE R KX IR, MAL SRR
TABRY RA NS 7.

2) BINIKRBEE BN k. KB (Water
Footprints) 2 [F X FHLIX 1) & B AR 7= AR 2% 1 7K B2 U
R A . KR I ANV o R — A [ R i X
XK B YR I LS TR SR AT RS O, TR — AN X I ER
— A E R KB IR R Z X AT &5 R AES
WE MRS R RS TR RIFASERER. ©
e T KRRV B AL S B, M T KRR
FIAHE NBAEEHEREEWPIRR, RKEIRATFEER]
AR FSRAE T — AN . BB 7E V2
3.4 RBIREZRENIMEA

1) H0 K BRIV B ) BE o 7E A2 A A AL
L, BURENAME TAER AR G g S, FR
ASAMER BORTEE, AT DU B B S AR A A5 %h
S EENTFR, HWERASLENFBE. Fik,
S H 5 SR LE WA B A% SCAS H L3 et 7K B2 IR AR 2
MERIC RSB, LKA, kSR IEKE
PAESAMER IR I &

2) MEADIMER S, TR EKEEASR
25 [ X3 AE Y — & LB I ORIE 4, T 7R ARG
() X 3558 22 My AR AR T /K SR, BRN SUAT 2 1)
AESIMER . ST HEESRS AL, EHEFEKE
YR B 0 25045 B A R AR BV RTHE, FEEESRAT K
TRAMEFR I, RAeH B2 55 % 56 UK BR IR 3
(1), HAR SR BUR B fs MU S T 2 B2 2
J7 AT K IR RS

3) TamHIAT. BEES —KERA. A
Mot e gteh IR, FHEEH G % aH 2 RIEET
AEERGIRE I, (ENBUFAMENLE N S 5



j\iﬁéﬁs irv1 Mth S&T
FIEBAMETAES, RREASMENIERR, AROIR
fi A= S AMEN L B AL IS H

4) ALBINCEE R . A 2 Rl AR BOK B R A S
BB, b A T B AR 2 A M ) B BR AR E A
AR ) B8 <R

5) BALASHMEE AL, ERFFIA N A
EIA KA BB BT ASAMEE AL, W
AL EAMEBR . AMEARAE . AMEZE . AMEME
WORR M3 R TS A o % 2H 23 A R U 1 & X 4
P, AR AS [R] DXk ) A 28 M RR SR EAT 2 WL AE B O
flifIRE 11, TR SE AMEARTE R 5 G 2, M2 B F n
il & B BCATE S, X AE B I DR AME B S AEAME T
%2 75 7 2 6] & B R A

FEFR I, KGR B 8 DX I A a2 e A i 4t
B, ERBEANVIERASMERE LA, XA
MBASERE KN EEAREE BB T, TE
BE— 5 D05 IR K B8 AR A M S i) 8 ) R
i, FFRSCETAE, i B MsSEBE T, R
FHE T 7K T U5 AR A M ATL ) PR 2 SR A S 1 AR A G
AT 6 .

B ATE B X BRGNS E AL
F Ik 4 (2016B001) | KIT AR ZE R & KT A TF
HOFF R 34 BB TE (CKWV2016401/KY) Fruitdb 4 & 4
¥ 34 F ETE (2016CFA087) £ E % 8,

Chapagain A K, Hoekstra A 'Y, 2007. Water footprints of nations:
Water use by people as a function of their consumption pattern.
Water Resources Management, 21(1):35-48.

Robinson C J, James G, Whitehead P J, 2016. Negotiating Indigenous
benefits from payment for ecosystem service (PES) schemes.
Global Environment Change, 38: 21-29.

kAR, 2016. (RIKITAESHEL, SAERIEG R R, KILREE
PS5 REE, 25(2): 171-179

PR, I, 2016, JE T AES AR AY (1) X Sk B AL RS A M
AR R —— DU VL R 3809 1) A VL I 4k 55 U 5 A 45,
25(2): 334-341.

Mafk, 2R, 2011, [E Py AR wME ) 7 KRSk #E.
N -5 53055, 21(136 (s2)): 472-476.

AT, TR, EHINE, 2014. HhE GRS A ME AR AR H T i

\ BEFER T, PSR 58 B, 39(1): 151-154. j

(&ML D3, PERFRNESHIKMBARAE, ITNTERESS
SUER I ADEEIF L, BIEXFRISFARSEN AL E E
RERE; B8E, INTRESSKERENE AR LIHHL; B
%, PERERNESHBRYIEARAT; EEE, KiXTARKER)

-

W A %R

AR RERP R E E IR AR AR KR
AR, A F R EA A S GHOR A B AR BUR . e
T, BHIRE KRR A RS RER 20 7F, sH6H
FEHMHE. AELEEBRFHYRFEELE, 2 “ARRF
AR R . M)At T — S MO R A
SEEMAE T, SR Prhdis, mikHeeas A
S RAED BT, 1R EMGE R AR —HRAF B A L3
M6 ERATR, RATRAEHRAL, AT REIRER R M,

do b, FIM T ALK 5T BUFATE,
BB AR IR, Ak, B A R BENA
BB AR A, TN A, ARG E B e,

FREHEMRIFR ES[SKERE

(fEEZRML: FANTSKSE) /

108 | Advances in Meteorological Science and Technology S&%H%#tR 8 (5) - 2018



A EERAEMIMTESIRA D

®

i

o

LR 1F

W O Lot BEFE KIEL 2MT 505 k2"

20157 B4R, BHREAARFREAE. KREMMEZHFHRRA
WEELHHFHLRY, BERROEIZRLMAEN TRV L40%. HiR-FAALIS
KEFBAKETARAOASEREMHEL, FRFE. BFE. BF. #FESF
B FAAE R R, BEMVAE G R AR CE e R PR,

i BERE AR X 1991 FE 4 b B N R U
HEERR A, 19984 [ 45 B fik vl N E R % B AR R X .
PR X F BRSO BRRE S A, A b S
X. O XX R, SEF15.67 hm* (FD)
FIRT, AR XA SE86 X RIAZ 00 [X A H B AL,

Bl AEREERZBARIPRINEINSESHE

KHILLR, RIBMHOESKITWAREE,
PR AN P ¥ b 2 25 FACRE P e, N R
PIMRE AR, XU BERE AT BIR AL T R ES.
1993, 1994F120024, frR¥IX 55 =R ML 5T BE i
AFRIG PO S BEEEE L., 24, BIEMEEEIA
11003k, B THRIXEZOX (430k) M =4&
Bi NI = A WA G, BASEIL T H R
7%, WKE T BESERE A I, SO ATt R B R H
BEREEF AR . SRT, 19984F iy Tyt s ok A4S 2 Vb
TRIE, BB T RIGIHOE 5KITHIRIREER. Y
XERALZE A, 1R NSRS = AL (1) — RANYE AR TR

* R TR (1963—) , Email: zyjb@sina.com

Advances in Meteorological Science and Technology & #RE 8 (5) - 2018 | 109

R LR A MR A VIR, AT

Ry aE g, (HHE AR AT IR R ST
TCo ARSI T XS BRIEE S LA TH I BRI, 255

T IAEL ORI B R A BB 22 BT T AT G e A
HEREERFBRRY X EER A HEERE (2016
) ) KA, MMMERL. BWEERE. K%
S 5PN FBEE DT 2 B I T AT PR, B
KA TREF BERBLRY X AR B K (iR
AR K ZAEEGE, 2 e
HRAEH S B S, KEEHBRREAF AL
Vi .

1 KIS ERITERRE R EA R B =2

1.1 MUETHSEE X Rug AR A% RE

—AENEE, BEE KGR R A, BBk
AFRIPMEREE. B2, JHIERRSN, ERES
XLE T R b 7 ()38 ZME B R K I Ve 3% A& 315
WBEESEZ HWRE, AWMy RiEshaHE, &KhE
BEKEXERENXEHEE. £FEERNSE R,
BEEZ R AR & KRB R, RIEE A& HA
W3, HAUIE— R BT L B R B A 2= S it )
ST ARIT R R Es) (B2

H. KWZE, R\ERSBEOANEVEEE, BE
SAWGE X . BROCH TR, BHSEEMH
RIEB BT RERE; WAREEZ KRR, B
T 254 B i) 457 B A 1o B X BB TR AR AR A . (48 — 4211
A, DTN ) 2 e B REVE B R Rz —, 4l
B KA, GIHEXE RS E3H UL ER, R
2230 RS 51 29k 7K 1 BT AR FELRE 1 X 35
1.2 tRImRSE KL E ST EERE AR

Wi RS B IRAE A& 2=l KR S5 R AR (i
20084 FE %) , AT ¥ Y BRI [H] B 25 R i R Hb T
AT HE W) 1 R A B 0K 25 7 S 4 s R R O B RN AR



]
= $ =‘-v

SR
dvances in Met S&T

LR iR

a) 20174E H %
14 v 7Kk QAL
12 L
10
=
x 8
6
4
2
0

6: 00—9: 00  9: 00—12: 00 12: 00—15: 00 15: 00—18: 00
i B

18 .
e R i
16 (b) 2018447 Wi IK I,

14 i
12

= 10
X g

o N b

6: 00—9: 00  9: 00—12: 00 12: 00—15: 00 15: 00—18: 00
[lREY

E2 AEBREEBXAFEMNE THEERE

5, —HMWRRSRS:, WA RES G R — L E 59k
AMEFET:, INEREISET R,

W 35 7K SC 2% A 2 BAR BLAE B 75K I i) 7 468 5 P
KRR, JHAA K AT AR TG F K O HEN R RGN A
T, EREOERK B, KRR A
[F) B 3 B R X PN — e 33 28 (1) 9 22 AR I IR K B ) AR
K, AR R A I R B AR K AR AR JR, AT X R R
1 YOKFIAG AT R IR R, ™ 5 ] 3 e
T e 8 R PO R I S5 B 1) L. 19984F B 255 [ /K it
FERI20164F7 H K VT A 7 5 B 7K 8 R 1 Ak 57, T
o} R JEE I FLAE 3538 i 1 P E RS
2 FEREMEHMEIEEE S

A REREE X & AR X TE I H AT R T
TR ARG HOE (10 7 R, ph KSR AR I S e 9 K 0 4
B, R4y SR XA O X R Ih At . e X
169 hm?, #.0 X678 hm®. 7Ki%472 hm®. Fra &
KRG RGN HOE AR R, ZXEEE N T EKR. I
A, TEARP X AR T 511 hm*ZE b X, SEhr b iARs
MO . 1998 KT UK G BB MET RIE, & T
RIGHHOE 5 KL RRER, =k TRETMRES
HAN KRG 1) N P I sOE K AL (32 m) , flidg
T8 KA A B B AREVTE OL AT IA 2 [134.5 m
DL FIKSE, AR XA 7K S8k T R R G 2048 TR k2> T &4
50%, Mtk 5]EHLE SAETE32 m L R I vV - 2
W EIEL . FhFRERE LR, AP XIBHE K
BRI EBKT, ES ARG TRE. BELEER
(Ve R D, B AR A B, X LR
M) 35 B JE 10 A 5 M e 1) e e
2.1 MR MBI, EEiRZRMRLD, EEE

REiE B = B 245

M S AR SR AR X ) BE SRR A N, B — T
32 BB R VS B VR A R B R M A T D, K R
JREAE A e A 109 Bh 25 (R B IR AE 7 26 3 S OB K bRk 2

(R FR P 7 sty U P ) SR B A 2 ) 0 4 st 0K
FRRANIK IR AL LU TEAE 0 IR e
22 MMEEEREESUKBEESRBER S,

BMHEEIEKE

015E I A AR R, RIXNRAE. KAEM
WEZ R LAY R A BB, BRER BN E
BV ARk T 40%. R AL 4 K FANE
AN A A SO SCRTE R, SEGF R, &E
B, GH. #EEHRPEMEREZIE, REBA
RIEWF R CIRIL27H, FER &R XIAETER
BRI T B TCVE OSBRSS LV E IO RAR B
Ve im IR Bhh . SAh, BREEH T HRERT
R, AR AT AR R A R UE K R BRR R, HLX
TR RN g A AL R AN o

2.3 FEiai Ak, HEZKFNEERE B & HE it 75 >k 7k
ZERE
BRI =ANTT IR, — RAUKFES (GFETD

PR DX S0 2 ol A BRSO K WA IR R XK

e, I8 RRBREA B YUK AR St 2R S K IR M, — o2

FIKFEA GEFD PR FILAR B 1) HOE HE 7 I8 F3BE

EHCREWE, RaREAFTEEREAGELE

T, IEIEIN T AROKAS 22 AR AU s = B 5 WK

AR B WKL I, 1S IR AR AR A (A

WHEREYI AR S b, — R i R B KIS

G LG TR A% 7

2.4 MBI EREERIME EAREE
BN T #EME S R X P4 R AR N AR,

RBRREAEXHEFTRIE. KEITNESIHE A

BT ORI X P SRR AN [R1 2278 244 1 T A R ik 2 B A A

W1, HSLIE R B R RO B AR . Y, BRI

B T5H A, 6l Eh, THH . THXEE

W XWIEKIAFERE, R R — 5 e A B

B 07 10 38 e 20 15 Xt B JEE 3 K 490 2R R D A2 B+ o

110 | Advances in Meteorological Science and Technology S&EH%#tR 8 (5) - 2018



B, A R SR G A N R e, o B A
N IE .

25 BB E

FEQRYF DXL F BT, W5V KSR
FOBBX0, MEREMARLLE, BEEIRRE
SO EE, ATAENS B AR REA TR B . 7E20184F BE
PR3P X A B 0 iR T A A A R SRR R L A R
B, R X NBORMEMMREONE R, BAFENR
M rEEY.

3 A AT FE R ERREH SR XS R

3.1 EREM S AHKITR

A AL I TR K TR 2 500 BE () K AR,
FMEAT . 2 A 11 JEL R AR e B JEE R4 X FH 7K i)
R B AR X AF L 1) 32 L ) 50 2 U MV S K 24k
MIEFERAE, NKZKE, DA MHIRKR R, #
WHBAENEBEZRUTHRE: D MNKzE, HFE
5ILBRAYP XETF, AAFERESRIE %4, #17
K TREEE S, DAAR UM K 5 403 P AR 7 X A K
] AN IS AT I FE I A R A ) . A B
KT AL B 2 B ) 51 7K, T8 B 2 i 21 R RS i
OB, 5REEM R 2R B KR sE I
EE S A 5T, MARAS b A e B R A4 XAV AR £
P IX A P K R K R BE ) f, 2) ST IR AR 37 X R 7K
RGN 5 A B 5K FHi 5, Yl BE JEE O X 2
A 2 B AP M R K G EE, K TRV DR R I 1) 42 i) 7K
ArAPh e H AT AI32 mil£32.5 m, FH4E833 m&LL FKk
PZEAT~10 do WA ZE T REEM B4R H KA 52
B (R bR EHh SR L4 4E32.5 mEL E, 33.0 m
Y T2k MR R A D> B R 2 ), SRl BEJEE R
71 DX UM I L 5 7K 50~ 100 om, N T A5 94 i 7 A 2
B RE A S REEE . RN, &EMEKIT
— KRR, B HOEKAEIIN (3~5d) iAF]
34.5 mA LA E,  DAYERFINMER T B 20K 1 /K A7 Bk
A, RPINMEEZ R, 3) AR XEREA,
ORI b 1) B B K TR, MR i AR H b T 2R fk 1)
e X eI A U H AT P E R X B &%
FL 2% 5 il R ) 1) o AR KBS [R] T = Ff i He i
e —REMUESR K, I B YR B A 1% B R B KR
MR ML, 2R LB, GBS, &
A i R T3 i SRR AR s R AR 7 BRI e R
FOHLEE, RO 2 7 9 B TN 10 hm? K/ FOREE
G, TEAFUMSE RS 22 4 B RTHE T M B R K
SRR ZE R R KRG, SN L, Hh

Advances in Meteorological Science and Technology & #RE 8 (5) - 2018 | 111

i

SR IBRE RS BB B, SO R
N&, 7853 F R IR B 7K 4 2 DAE BRI 78 SIS b
R ARALE T, TR AEIAEE, I8 B0 P A Jw
R TRV A A0 5 AP A K 11 b B b A
3.2 EREM MR E T EEEITR

B0t B R AR A DX M Ak I ] VA
WD 3E HORE REE B ) A R A R, 4 R R
PIX R, AR LMERE: O BT RS
KL BRE 2 8] JER NN AORSF X R FE I F b, i i
FEPUE R EX AR X E R, AR5, EDMET X
RV E R & WRETAIEsEE, JHE
7K 320 7 7. 6 0 AR R RE b3 . 20 FEARYT X PNk bk
T R 6—7 H BE A HC AR /N K I8 35
MR E, & G T2 ORIC R R AR BE K, A
TE R — & A B KSR B . DA LS, W E FEH P I 2
ERAIE, AR, DURIET 220 FY I B
K. 3> FH I EE#IE T RFEIZITHIAKIE. HEF
6—7 3 J5R B 22 T 4B 2 VI 0T TR R K B 2 I i B
Z A B AR X A B YL KA — M 33 m, BATL
AN B R K R A, T TR R X P T
7£33.5~34.0 mZc A5 B M oE — 4, Il 2R
1.5~2.5 mJE it T I ansh 714K BB B K g, N EE
JEEAZ ISR o E AR B
3.3 B B Ak IMER EITR

5 R R 2 M K PR B 2 4 i) E R &R 2 AR
DX &) 320 A b THT 75 % ¥ 5 VR 2 i HE N R G W o
5 — R R AR B & HM Y B e oK IR B, Xk
B0 T B RE AR K FAS 22 4 R0 XU o AT SR BRI 709
. 1) i TR T BRI 1 SR 2k i HE K H
H, AIREBUK DR SR HEX B K e BT,
HEAK B3 N R RGP OB & BOK s B 2) JFRE
KB Z vl R 7K X A T YT e B 5 e AR S 4
RAEAT RS X JE RN s A 7=, B8 S A: 45
AMEBR A AR R, REAESRI: 3) fEERRE
SR KIS, BT N ARt 2488, AR
(USRI
34 BYIHEREITR

B0 G 2 L T2 Ak B RS B AR Ak A R B S
Bl, X HEAHFHEARREMEERE: D @Ry X
K TREE B, SRECHD T E 5 o T BB S & 1
TR IR VR A AT, ) 5 AR 95 5 Ak B
A, R HERHUL AR AT 2) fEAVK TREARE
B 280 37 B TR S 1A Y B SR BN T A A I ) 5 11



RESEET ULV

dvances in Met S&T
INERR R A R A 3) SRR LT % 7
BEANRI X I NARAEDIN LARTIE, 750 O X A H
UNFEIAT NFARAE R 4) RBGE MRS, &
B 513 T AR 2 A AR AT BT A R e R R ) B Y B
3.5 EEREW S HEREIEXT R

BHARYE, BREEKEKE. EMERE, &
AN AT 5 3 () K IR A SR, IE XTI —E R
o WERYE 1 N R e DA R R R A IC 1 K I A
Bid WSS &, FERBOS ORI X 1. F7 JH G ik
SRAIERG, RS G E G N KIS T2 1) 07 #EAT
GUERIGIE R . 5356, 793 X R KRR MR
Br, MTAZFERKER, EERFHEGX, PR
150~200 mi% 3230 mic A5 RGBSy . 1EHF H B K
REZETT, KRB SMONBR RS AL 1 ALE B0 5 R B 0
HT o

4 EHREMSMARESHNTIEERMN

DK

DABE JE R X A K TR AT, L B
EAEARSEN B AR, BTSSR,
HE GG REEAEE . B ACRB RN, TFRAR
SELHB PRI, R AR R S B YR A 22 I A JE A
FY A I5% 19 A LA R 1 A DU I A T S P
I RE IV S €N ot Bz el L M i PuB = 3
A TR R, IS Eh A HK B 9 R K
DA S B K A AR A o 0 T SR AR XN
1y WEARSOE LA B AR, AT B O K A
KK, T SR B K T R4 X P AT I
Hukb K o

BRI, RIPXAKAE TREFEERE, X
JH 73 Hb B Bl S8 7K (1 T B 50 5 A A AR B R AT
B, FFAEANAT YRR b B AT IR A N TR
AT N TR, DB FREATA AT
BB E R, WIEREE . ZNEFERENLFRYA
7. WA, BATRYT X BRE O EFI10002 3k, A8
FE, S S R AR X M) R 4 e
B E . LA AR S AN 5B T BT Ay 4E KRR 4P
X BEREFHRE R R QG 2, I E— 0 R EE X B AT
FIREH B NS % .

Bt ATE WAL TR EIE (2017HB10) BY.

RN | ~

TR, FEXE, BEE, 55, 2014, b [F A RRRERRE IR E 504
L. AR BN 4R, 35(2): 228-233.

J1E, B, S0k, 55, 2016, REGINIEHIIE A0 IX - 3Rk 7 5 1
AL < RVIIR. KAEEFS44E, (3): 34-41.

EIEAR, AR, SO, £, 2016, 1 B RERE (R X B0 H AR AR
M S AR AP . AR 2 S5 HR, (S1): 404-407.

WiEE, 247, 297K, &5, 2013, WIAGA 1 B A3 Bl A A 4>
fic. 4225244k, (5): 1397-1404.

Wb, D, 4R, 25, 2007, WA BERE R X 2 1 AR 1R X
BEREFNBEZNAS. B4, (6): 947-952.

SREEN, FSyR, mESE, 25, 2017, Fu i R RE I K 2% AR IR X Ak
RNZAEYIFN 43 M. ZEEEEAR, (1): 36-41.

ik, TR, HESE 4, 2013, 3T “3S” HRKMIAL A B BERE E
F L H SRR X I 254 - R I Sh A 2R 4. ARl i 2 R

0 aY 16,
\ ®1, (3): 16-20. j
(1EZ AL IRRE, KRER: KIIKFEEEFESEEHFTHD,
DN TFRAERSFEBRENFRADECIF FO; MR, TIEER

EFRZEBENEARECF PO, FNTERE; BREE,
kER, WK, FiF, BILARERERREARIPREEL )

SR JEE R 47 IX 1A F R A /K LR A S0 A AR V8 TR S

W A %R

20184 Ak, FHIMT ARE RFHELESKESIH
TR ERGARBS TR, BT KLF , RE
ARP R GBI ETE, L SR, F
R—NEB%. AR—KB., EHh—&78. TE—A
SRR A B AR, R Cw@ANEE A HER.

— R B A ARG )L, TEBK
L. R, BERMANEGERA SRR AR E M
Mk, MEEANESAERSTE; —REALAS
ZARFARIE R IR A BIR, iR A SR
\i%ﬁ‘%@ﬁ%%iﬂm‘ﬂﬂ%ﬁ%mﬁ¥ﬁi

FIMT IR EENHLT “KXE"

~

AR RIS, ZRABMGEEREE LS RIS
HE&, EHASREAERR . AMESLFINE. 5
A BRBARMR S, WABNASLRAERALKEK
BEAl e h K, ARSI, SR ARG A
%, BIABZAEREWRQI P, BEEEHT
R, #2304, BoiAiRE. A5EKA. HAR
WARY 5SS, BATFRM SR RSCE.

(1EFEBG: FIMTRKRE)

/

112 | Advances in Meteorological Science and Technology S&%H%#tR 8 (5) - 2018



RITmFEF & RISIRER E57H X5

B hxeaH £k

[\
=]
[
@®

i3

&
b
o

Al

R B RAL, FHRAI41648.8 h, FHBRE 5 H372%, FXFALKA
23.1d; FHAIKBLE AH3245%, IREK, SFHAMETIREAH088, AFAMETRA
#4069, AEFARZFRERETRNFRTEK, HHTATRTERYGREF M
AR, R TAR G RaHAE, AR-TAAERBD SR K. A AT LRARE,

RO FALE AR, W=, W
BIEil, & RET MM . TR ERKAR
WERK, RAZRLRIZ, KERENAHRE, Filk
WEREZ . BHFERE, TEYRANAE. BT
EREGARFMRIRR, EAEP PR AR
A, SEHRAFIRBE R MR, X FHESR TR
TR E, SRR R AN & A R B

1 RIIHEMMHENSESE

AR 7 S R R I SR LU, A R
SAEFASATERIEE, RSB ER M. KM E
XK AE IR PR VR (3R 51, phi 4.5~ 6.0/ R 1 1 3%
WO, IF A BT R AV B R AR 2 5 A5 1 2R
K= Ao, BRI S SR AR B+ L L
1.1 BE

ZH 2 SR S B B, E R RV Z
WASME, HEFRE. WERM. BEX. =F5£2, 5K
BBRIRENSEREE, AR, R H Y
RIRKT10 CHRAEKHZ, SIRBEEL0 CRL R,
R MR, HH R 15~20 CrRAK
B, HBESIRIARI35 C Hirg LR, K23
i, MERERBEER, R EERRMRERFIE, AW
HETREE, BERVETEER, FMVETEE, B S
%, Rz EEEKE N, HF5ET10 C
i, ZREEEIEAK, ZRREEANKHR. 25 A K AR HE
I 1 05 0R15~20 °C, RER, WAKE,
R, BAREKN, EERFHEGHE.

N AR 7 = s iy ol T o B S
R = BAE . 1955—20164F K] 471
KIEN17.0 °C, HEN18.2 'C (20074FE) , mIKA
15.7 °C (19844) . m#MHRNTH, AFHRERN
285 C; A HNLH, HFHRE 4L C. HVFY
R =10 CHITEshARIR, %% 4 55930.1 'C-d (2008
), &b N4816.7 C-d (19874E) « W E4H
IR H PSR =10 Cigsh LR 7E3000 C-dLL |,
M LA4000 C-dbh FoNE, HPFHWSE=10 CHIFFLE

Advances in Meteorological Science and Technology & #RE 8 (5) - 2018 | 113

HEGEA, MR Z, R RITH
HERERY, HFHEREET10 CHH B —&
E3H23H, #HA&11H17 H, HPFHSIE=10 CH
BRI #E5544.3 °C-d, “FIHFLLI A 242 d;
H PR @15 Cr 8w H N4H20H, 4
HN10H22H, HP¥SE=15 CHRIEshFER R
4913.3 'C-d, HPEENT[ESF3M215 do iR & T br gt
PN AT PPy I RAER N
1.2 P&k

WS, ARKMEFERKEAYSKS,
RHRIA TG A A o ZEM A K AE I Bk R it |-, R
B, BTEMRKEZ, FEHKEHEELS00 mmitf, ¥
AN K ) [ K B B AE1000 mmZE A, AE R R 4E
FF7E80%. AEKFN A EBIESLRKWHEN, WAF
TR AR, FHESLHIA BKEAE50 mm, N2
AR, S .

1955—20154F K| T AP B4 /K B 91131.0 mm, [
KEZLEFHEA—I0H, HEFEFEKERS2.2%, F¥
H %K EAEL50 mmbl L, S84 e XA K
KA KB N1751.2 mm (19834F) , f/MEREK
B N737.8 mm (19844) . BE/KHHZHEHAHES—T
H, SI&ETH, F95180.1 mm, 12H 7 BFKEH
b, SF¥R26.5 mm. EET L, EEEFKERN
466.9 mm, H44EM41.3%, HFZFHN340.7 mm, HEE
f130.1%, &XZ=fE/KEN117.9 mm, 544E110.4% .
PR H #1185 d, FER/KRER ~32.45%, &K
H¥mZ 84, ~123d, wDHINI2H, N6.9d.

1.3 R, =F

AR ) B U B AT, BN EATRASE
2L, FOtNE, BT RN &FE R &
J, FTBA— R UL R 2R EIE S 2R K AE FA T .

RITHEACN R, HARF PR XA A
Ber%, HRLD, ARTRBEN G, fRdARMT
JeEEM, REAEH R R, XA, HE
P RANTAS%ITEOL T, At A -



]
= $ =‘-v

SR
dvances in Met S&T

1981—20154F K [ 41~ 35 H HE i 45°491648.8 h,
K HIRE S E N37.2%, FEFHKREHHN
23.1d, —Frin—FiESF K, BIRTTH S
SIRBRIRE, ZPIR, XFAMEE R TOREERAN
VIR R, RIS EImR .

1.4 SETRE

FW R E AR 2 WIS Y, B &K
B IE75%~80%, A WK FEAM S T EH =
BEM . RITHEESETEEER0.69, BFES(x
THREN0.89, BKFEAUMETIREENLS, RFERSET
JFE90.88, DU 2S5 T B B BRI AR
K, BTLAB S 0 5 o
2 XITHEMSKIERERERK

R AL F R 3 1l /i e B 5 T 0T 5 A 2
i, HEATEAL . R K, Bom m T L T, E R
191.7 mo FRHERIT T Ze Pt ol < X Rl B (B
PFEACER T R MIE T . AV, BT, P LR
NFEMEEAEKX . e ILEUERTHM—E =
BRI, 2R, fUERVE LI, BRI R
LA P PR B A DX 3

0 550011000 22000 33000 44000
m

B RIS FE Rl S 15 X X1

20134, kA WILA &L B9 R KM 5 —
B—HRKEEN Y T RETML R RIS,
FE T LA T 1L MR AL 1220 (1R ~666.6m%)
KW 1207, FEOBT A AR AR, SR MR 4L320
B, 20154F, FEIN'E %S [l B b g v i R A, ) [ X
WAL B TR, 2% [ 3R
HENIER, FEELFERBH THE—-MRITALH R
“TEREBR” o RITH MK R AT T
3 FEMAEFHAFSKES

3.1 BEEMEEFE
— ¥ —15 ‘C. —12 CH—10 CHEANZRR

FRE R E . — R AR R F R AR . MRITT
F1955—20164F BTk KA, 7 58 b A Mo e Al Sl
& F—10°CIX A5, H~1955, 1956, 1977, 1981,
19914F, K N19554F (—17.2°C) . A WL R[]
P E RN

FEURE A A T, R RIR MK T
0°C, MARMNZEMFM—FRE. RITHEXH
APPSR, BB BT
TTEFEABOK. WX B, BRSE. RITTWIREH
N1LA20H, AFEHANIHI0H, P75/ 256 d.

FEATSRBSRITRE, o5 RS X
WG T, R 2R A A LU R, TRE
AL ERANTE, B AEK R EER=.

32 BETE

R PAEK R EERESE=35 C. HPXMHT
HERE/NT60%. T35 /KE A HERFKE1I35%LL T
B 252 SRR, S I AN F [ R85 4% AR 4E FE8 ~ 10
d, Kbtk E. BT 20K FER R & E
i, RITH7T—8HEFERLELMRFFRIREHRS, 5
KHE i EW. FEAHRS, EXHE,
ZHi AR R SRR AR, T A A, R
M LER YRR, I E R, WEEHE
AR I, %S HBEGAEEI % . H
Uk, fRAKIE R & S R T T AK = R o

R IR TR Si0E, KI11171955—20164 [[] H I
REIAEGY, 62ENILH2MEM KR AE THRE, Hrh
INRAE20MNEMS,  HIR R EER38%; TR
Ffy, H29%; KEFIMNMEM, H17%. REFEEH
UK 150 difRe R FAE8NMFEAY, 15%. {HIZ K Nn]
AN THERE, AT DA 5060 48 i A 4K 1) SEBR 52 Sz ik 1
R L3 s
3.3 ZEWHH

RITHUZESH, BKEEETARAIRKE
S MHINERZ HES, HERKENTONE L,
6—7H A AW ERET R, 5% RN .
IR R E RS AKSEZ, —R—REWEMNE T
ARKEE:; ZRKEDE, SWAEDREE TR
RN, SEEMER TR, =255 BFRMRARR K
AL

4 FHEREFSKIE
4.1 GEEEEN, RELEIAR

A I B R 5 R e R B80S
EERAN. Fik, A, MAEHE. ¥R

114 | Advances in Meteorological Science and Technology S&EH%#tR 8 (5) - 2018



M, W3R AHTEREMRI R . — PRy
AimE, AP, TR, FOWRiE % AT AR
itk
42 IRIFSKEGE, EHEERE

MRYEZA B FoRE A MR R B« 5
RERENE, BREZREBERE” NEK, —BER
TR ARG e 7 H PR e @it 10 CYIHT djs, &
5H10H; EZRFRIAE H P ER T 20 CY)
H7 dfe, 27H10H; KEIFRIAEH PR THE
30°CHY, BIH. JFRArHE—M NHEFR BN L
i£10%~15%, HAIE10% NE, FHM4 25k 5% 5H; 5
XK.
4.3 EFEEKFEIE, HEEmREE

ZoE B A BRI B A ZBAE S AR T i
B dr KRB BH R, XA AT ARFEK L IREm T RIRSE
WATRR, WO BESE, SEINE SO, AR
YRR,  AITIA B0 = = 1 H

FEETER, WK, EHBERKERMAREK
Rir, BEMMEKE, BHRGHHKRS, A REpiE
KL, EMBIAKAEE, BUKRERE, KZREHE.
4.4 IESERFHERE

TS5 AR AL 5 4 B A R B 2 % R A
el b LA 2R B e 2 RO RV R /N S X = K
FERSFEENK. KNEESRSIREELFIE R EK
A, GRERARAZE) ORI KRR R, ™ R 2k [ 7
BERRE, NMZEBG.
45 FRFEMHEMEBEASRRS

XA AKKEN BT RN EHRR
RKE, BB 2 A B A b SL T B — S R & AR
% NFRIRML R FE RSB AR K. &

i

REBAREMSS, SHM A Fias gtk Fis S M
BURA B,
5 NG

B B E W, fERITH R R~
MAE R AR, RITHSEERRM, WER,
MAFES, HFHSE=10 CHIEsH R F B 7
5544.3 ‘C-d, “FIIFFLEMIA2h242 d; RITHHFI%
KEH1131.0 mm, V35 H K EAELS0 mmil b, 58
SRR AEKKTRE; RIITHERE, 4 HKE
#51648.8 h, FHMH 7> N37.2%, FRKFHEH
23.1 d; KM N32.45%, JBEK, SHERS%E
T/ E50.88, FESMET IR N0.69, IHFEES(E
TR RIS E AT A A K

IEFFEL, RITH &R SR IEAR AR & A 1
BARAK, HERITHBARE — AR SE X0,
w, FENEKE SR, (REHIESZ, AT
MM AERKARIM R K ENRE; £EFETWAES
AT SNRI I RE. Rk, 5 4RI A RS 0%
%A, FRARIS R ERI W, 7 Rk 2000 ==
WHEM, FHEH DT RERS, BERITHMK
EFFEAER, MR K TE, TRARMIR, %

SR -

/‘{ VRN T 52 ™

SHER, MR, HER, & 2014, WA 35 m AR K S 5 Bk
AR, (4): 967-973
AR, FIAUE, B0, &5 2014, YIRS 45 X 4% A 7= R A A 45
FURRFIE AT, TSR, (6): 1007-1014
(e, BUSE, 2005. 2 54, duat: SR HARAL.
FAHIE, B H %R, 2006, WivTZem. ALET: o E RO RHEH R H R AL,
Qﬂzﬁ, 2005. A E 2B R, B RHERL R ROR AR j

(EBREM: BIEARITHSES)

~

L BEE

201844 f19H, R AR KZE. HLXFE. +
HimXF. KitkF. FHRNES KD EHART
Freg £ K3, RORHERf o b RERHRKPR
HIARN, ABRAHILEALA. RXERAMEF
L FIN T AR RN AL IR FRAMN, TRXPR
ARG EBRNBEARAHR QI F SZERL.

BRI EMAQRFT TS, FIMNTARIFRNE
\f%iéi%%ﬁﬁ%ﬂ&iﬁu&?%%i%%

LN RESS SRR N A E €# Oz

~

N, EXHERERGTRRELFY, FEBHARY
“K47 , LA BTEESKYY —K “£F , &
AABESRESEROAR “BE” . EXANRFHT
&, WIS ARAME, —KRER. ARRS. EHie
R T AR RRE, %5 hEMEMS), TE—AN R
EZ Y- LLEF WL

(MEEBG: FINTERE) J

Advances in Meteorological Science and Technology & #RE 8 (5) - 2018 | 115



SRR

dvances in Met S&T

LR SIREE L R

B f4adi AL 4 AHFA

LR A ZSHI RSN S 3 5

Al

BRI RFFH AR ERE EAAY, BKEZIMEFAE, EK
R T B, AAERBEITERA AT, TF s s RE RN ME

gt —F i, AT A ST IAIAIR, BB T iFREE,

WA LEM, ETAES

Rtk ATBARRRL, RARARAL AR A A58 2 AR A b

TLPCP AL F RV AE, Huabidb s R, =&
WG K A R R SRR MR T AR R B AR
My AKFEEEM . HPERE BRI, RiEEN, dbEH
IVEh e, B SIREEWF FAE, TRZ4.655 km?, E
BEAFERIN AN, DX, TRE. A%E,
WERIE, AET. ST, AMEETIeA (B, ) XK
ke, T RIIBNMEEEN, RSB, 2
B RITTAIE BAA T ER A X o VLT 5 R b5
PUTRER “Juhbllg” ZRRIKITmE4, X Eib
PR, TEHREACE, WmES A, EOE IR
AL “OK SFEE” N “tikz 27 K.

AT, H20TH 50 LAK, A FEXVLICF )
T A RIS A B BT T AR A D, IR IR Sk
R ERBER, KREBHBET, WXASTE™E
KA, vhEr R ESRIE I, K EAWINE, ER
IKTG Y LA AH AR 24 2 0 H X B K R AL B, K BEIR
G V=N 7 O 1 T A R P N s S P Tl = =1
TAFER R B8, PRI SAE BT R A S5
M % 3 S 3R, TV 0T T A 2 BR B ) 3 ik R A
AR R R A EER L.

1 SEZHSH

FIFCDCF R AR . RTINS Gl £51961—
20154 Bl PRAKSER R RE, A Ltk 5] 93
G3HT T YLD R 55 4F S AR Ak %5 . 1961—2015
B, ZXEPSEEES T 2RI EE N LT &R
(ELD , A MM 2~0.275 C/10a (P<0.01) . i%
X3k K B B mEaA (E2) , BEREAR, &
Wty i8; MNBEShPERE, TLDCF R AR Rl B oK )
WER K, 1973, 1975, 1977, 1980, 1983, 1991,
1998, 1999, 2002F120104F N KEF 4, #ARA T kg
KFH . FES, LGP R BT 2R,
PG eE, FEARRE . KR KA AR B R
%, 1966, 1972, 1976, 1978, 1981, 1985, 1990,

1992, 2001, 2006, 2009F120114F#RH 4 | ™ & 1T
BAW, RABETENKRESE,

185 ,
ETIR
18.0 ZHERIREE
. Lk CGEFHITR)
o 7.
mE 17.0
T 165
16.0 y=0.0275x+16.055
O O© ©O N~ NN~ 00 00 WO O O OO O O
D OO0 0000 0 0 0O O
Ll B B I e I I I I B I I IR SN A oV I oV I oV oV I oY)
Eh
B ST EFE1961—2015ESRTH#ER
1800\ 1 7149x-+1166.4
1600
£ 1400
£ 1200
1000
¥ 800
600 FEKE ZEBKEHME LM ERKE
© © O~ 00 0000 O O OO OO o
D OO0 00 00 0 OO
L I B I I I I I I I B B IR SV SN A oV I oV I oV oY)
o

B2 TiXFER1961—20154E KT EHE

2 HBETAILINFEERGKERENEZ

Hir bk, MMBCEERAKREFEE (K3 , £
B KA. R KA AR VT 2 K = K
B. 4ERF/KE N980~1300 mm, 5—10H BE/KE &
FERRKEI65%~T70%, FNAEZE, KMEE P,
A i TR A = D R . TP R AR AR U TR
320~750 mm, MR HEFEEL50X10°m®, it
B2 K B YH5.50X 10" m®,  Ax & W9 P 3 IE H E AR &
KE4.58X10° m°. XN 2 A IR R A R /K %
W, THEPRERESKEEEKR, SKEREL,
B KR K10 m¥Y(h-m™), KEFERANES .
WA Z K I AR R VT BT AR L A= 7= f By
R TP R A 4 E KA R X,

116 | Advances in Meteorological Science and Technology S&EH%#tR 8 (5) - 2018



£6.67 km* LA _E I K/NBIA5002 A4S, IEH & KALE
THA11605 km?. 3 S8 191 A V0T J 1) 3 T R /K
Z—

VLT SR K R ¢

KA R GE K R 58 K Rt

RAFEK L R FEH
M IR W Hu K HEHE
R KN AT 7R K HEHE

B3 ITIXFEIRMKRG X REE

204D, VLV AR X A Ak K A AL T
KL E R E KB ITIRE, Ik “RKBADARE” 1
b IS5 43 S5 AR AR B K AR B T8) 2 A7 AN 350 250 1 ok
NI JR 76,475 hm? 55 6 35 AR 6 O A % (A 4
HEMIER; TEHWAE R, &5, HEE
REANEENZFEHMME . R FERINAERRE. #
giit, 20120504 RATHARIBOFEARYIM, NKILH T
T 7K ZR T VA Hh DR B B 0D T AR A 1.3 5 km?, 4
LS A HI20% A0 4, KV R A 22N 80K B IE YA
H, FKERGHEIFRERIMNIER 756712 m* Sk
FEZS, YR T 3 =K SEbR & K& Hodibl
Je A AR GE N 68% LA L, W () B EKEE
AHRE61Z M dy, FEFHR— AT X . KT
104E — R K R K BLAR H104E DY 7k, Bk ik 334E
— K, T L FEE A B T LKA, A ETETR
EINE, REVRF=EMEE T,

BEN21t 2, PEE EERAFEARE, LOCT RS
TR P 7K 5% Y5 T 7 AR Sy K R SR K R TR B R K
R, Bl LR KA R B, REMBIX . K H
RIBRAK AR A, YOG R AR AR 2 2 42 T I 7208 Bk
%o FEJFEMK: 1) SRR VLT IR L T
KoK EIEA s 2) SARABRRAE VLT SR Z I & 38,
PR IR, TR R B A H I AR
St 3 AFEEPRESERN =R
T3k FE A P Ak AR A 25 HE TS V5 K 5 UK AR TS G 4)
B ZOKF 2 15 TFE S BORAK IR, a0 =k TREAS /KA
BAKR B S EHCIT R i X AR YT K g, B R
KA A TR DL — 30 K &, ARV ICE 5
U ARV R K B AR

HAT, VLT R R W0 KI5 G 2 G M5 4

Advances in Meteorological Science and Technology & #RE 8 (5) - 2018 | 117

R e

BEGR. BeRis iU XSG RN R G
Tods. HHTZMAAS R H N, Rt LKA T

B, HhRAIHL T AKERSZ BT Y, MEEKKIG R E
ZAFAH 2 2 (L X H KR B Rk o YL RT3
TH YT B8 0 W T 7K 5 ok [ L b, R 395 Gy
FEE . PO A0 T H A AR IS, RITTEA
&2 RO O BUKRAERT KA Z B AR R o T
%, Wie%M, % 5. BFRESEMER, REBKE
AEGHIR H ai Ak, AEYZ TR, REEELSE
SRR B AR P, R, KRR TR — S
T AE Wi R — NIRRT DA . 2, T
ECPIRMAT, T e NIEER
3 SEBUIHLINFRRW LR
20t 2090 AR Z I, VL kb 7 4 b s TH)
FUIAT7.4%, FhHb510.2%, 2id51.8%, KRG
19.6%, HAh 521% (E4) . ¥z R Rh R
KRG MRTE. SR, K3, N, JERBHIRKIEM
M RFEREOW o FEBEATE ] BE L SIEAT — 4 = k] B A
#il, RPEATDCFRAS RGN E 5EME A
BAVCALN, WEZ MBS HEEMN, AR
TREFE MBS T . RSN ERIN: s
HR I AN G S #rs 28 RS 70 2 IR IR AR T, 7EAE
PR K IR AT T, FEAF R E (1 T 88 Bt U 4 A
T, HXEHRERFERAMITE, 2 HR/MA AR
2, MR TYLDCE R AR AR A, HAFh %
Z, EEr, MEIAEE B ARIIX .

X X
HEPERX JERX
0 45 90km TAPRIK OEIES

fIGHETPBR X XL

E4 IXEESXE

BEAN21H A LIk, Z HARKRA A AR R K3
MR, YLCF RS s H#onm, Rl A ST
Hzi %A, AR AD, IMCFREMAESRS
A MR/ 40.63X10% g-hm?, A4 A& #E )
W H1.17 g-hm® F[4£%0.97 g-hm?, 5 B VT CF i X 45



]
= $ =‘-v

SER
dvances in Met S&T

TGN T DA LA 2 R R, B
BRI RS AR 1B Wb A%: [F, LOCP
SRR A ST E R T B RCR, & M P i
ERBH0.72 F[£%0.52; & MM P14 258 MR
FH0.56 TR Z0.41, H g B IX Ik T B YE Bl EOK
1987—20104F VLI Jif X 48 & W b L b AR S RG22 4
TR T HMER141 PR EL27, RS ZER
TREEA .

SR E BRI =A 5 H, BIPY AR BT
CRAGRARRE) « BEIKAS I A AR i R S S A T
R K AN Y8 A AR g R RS AR08 22 1) 2 BE R L 2
T5. W2003E7H23H—8H9H, TLICTJE 3]
T T ELL18 K H i AUl N T-32 °'C, #LE7TRH
RS KT35 C, H2KET38 CHIESE LM
E R, RN TR BT K HAR B R
B FHHe S R R ik 35%, A HBREE LI,
A AEIE6.6775 hm®. J0H T rh#E T 48 A W= & L
4 k211065 kg

B4R, SR AR AT BT R L AR 2SR B A
AR BN, EERAEBERRE ST, LHCF
FRRNELRAET — BN, MEREK, £F4H
& SIERRAEEE SR, EWEKESE,
AR FECLO T PR EEE 0. 2T AR E 3G
RFELSE R RESE, SEFSNATENEE TS
BBENZ, SRAFEEY R RARREm, HRA
HGE. A AATE R RGN, R R KA T AR
AR, RIEBREE LKy R EEINR, HE
BEUR I 0BG R BR 2K AT e 2 R K B IR ) B = T A5 AN 2
R, AR 5 s B A RSP N .

4 Wtk

Gk LR R S AR L . YT DO R A RS AL
S 12 X MY BRI 0 S AR B R, AU AR
R, MR . PO AR, TLICE R
MRS SO, KAHES S ARG RI, BT
VRIRIE Y B4R SR B UR T,
WD AR T AL SR o b A R B B
FaE MR R

1) IS RA T, IEEIT BT 5 R Rk
FREERER. OFESERERIRERSRF S
HABER £, BT A KRS AR, e
TS Y IA R A s @HERE RS 3B IA A A
WER ARV, JFRLHEANURIRTHTE . k2%
BKATH) ., BT 4 RIS e TRATE), R IR TR
R @BEMAKMEDR. H. HEME LI, B

et RAN, TN B ML, WA HEYIT
LiaWiG, LN @FEd EifhXHEMIEAR, N
SR SRR BL, TEBRIEAT YRS, AR R, .
W W @ELAITR “VUW” RS ain s, Lt
b L= KREE TR, E@ERELICFR
B0 XIREIBGEL . BB R IR ARSI, AT
DOPJFOK BHIRRC A% SR, SEBUEM R, LN
JRRIKHE R THRER. R, SRR,

2) B G . TLPCT IR B G Z= R
ik, BAWERRN. HREL. NESHERL. O
BRSSP ZB X ARM KRIE . Y= EE RS, R
T AT AR R F AR A A . B, TR
1ARRR , KBTI, R R AR SO R4, i
MR TOK, B A, B KA R
ik, REFHLFHEMHAZZEN. QEFFEM]
W, BHARIGEREARL, ERUREL BRI, HERUAKR
HAARMEF O 524 JIRA07 o, S 4% R i i
. OMSETTREEFIK™ . RAMKE. REAK. R
MR RFWHSE. VRS, SEBURMIRIN T 2%
T AR, PR — 50, RB#E— %M.

3) TSR, Oz MHAS R, 4
SAREWIE. BIEXE G B @S PR
E—hzE (AL 7 “REirdt GE) 7 S8 O =N
B, @EX HGEME . 75 HAKRHHmX
RKAOKEMFREEERER, “Z—FE—K" —#F=
Wi ISR . @AWY KR . ST BRI
BARRS T &, DUEs) “ L@ s F1 “FH
BURRNEBHHE A A RBEH, LR BRI
TR SRR AR A FBe, DA™ i it Jo AT R 2
KRBT, AL EATHES . Wil A
RN LR G TT 5, 8 A5 AR L A
TP RIS, B SEEUAR L L B 43 5 I (B 32T A
ol 5 2% B v ) Do

4) TR AN R AL CAR N 2 A ik i
FROHTIR o L D0T B AR AR R A Ml B2 45 5 X IRy B AR
WIRMNK B, FESR & R i3T5 K g B WD e B
3K Y B bAoA SR 0 H 40 SR S A SRR
K FRFE M UL B3R R RIS, TF R T
57 K LIBBIAUKAE R RSCRMEIH , HLZF
TR RR AR B F AT I s R BN S 35 B 3
FEEGEL . BRSO ASCE T, LAR 2k,
A O EIEEE N A AR IE, K
JEVAAK = dh . K& i AR SN B R R R UK
S RAIR R, 5l DL 2 A% e AR B A 3 R A%

118 | Advances in Meteorological Science and Technology S&%H%#tR 8 (5) - 2018



=2
gg
F o

( “=K” SFRFHEFE) T

B 4 E Hp—

R R ZEA 2 RENARDEBATL, RERSEATTF “=Z R BARTIKX
PAER, — RN A ZIRFAEP L R R AR ATAT R Z HL#,

LER, SRS ED

BE 51 R AR 5Kk F A

Bhn. SREENETE, 4R

PANG SNl DRk e ot Sl e i

FEE . A RZRS

9K R B N U AT,

AR ARG K T AR i 55

X, AR 52 5 5 m i K

(1) 55 35 BE AR . 783X Fh T 35

T, REMEHT “=R”

& HhRit, 20124F HA R EAWIER, —
AN SERL SRR S BENE LE AR RATTHRE AU AT o 3 A3k
P3G A I A BRI AT LRSS 1)
THERRRE, R AEE - ERERER “E
B, BT 7T — RINBORER R S
2011—20124F, ERMBEL UK, XFHESIIR)E
EAETFRE “=R” SKEMREA S, BT BB
Hev. IENEESREEENN, PESEREEEM
LN SR TAE, £ (EESRERE “+=3" Mk
TR RIRS “=R7 TARM T WHEE, BHE
PSSR R RS, s S R 5 A2 53

TR bt N7IN G RS U S D e o AR S8 A
RECRSCHERE S e, Inas B AR TGO e
BB AR SRR RIS, SETTK
R SR BIIR, B S SARFEA SO B, SEBl
SR ATFFEER TR

(“=R" AZMFHER) —4, EREUER
SFNNIBEMA, ARBNELTRRRITRZER “=
R” SRMGSHAT T RGEESRE, ERNEERR
Ut iy “ =487 k55 TARM TR IR TE .
PRI, PR T =R RRIRSHREL®
WREESIENHR, NET =R AR RS IR
FAEF, BT =R ABWRFPVIALE, WTR
KAMAN TR S K EEZ IR G, WE “=
K SRR PR T IR ST, AR AR RS
Trigi BORMRIREHAT 7T

BARm S, #1%, AR =R SR8 RSHHE
s 5RF T, FEOFEES T SCRCRE K E 1 2
B REXS 4 ERARR LKA ZRBUR R I3 RE . ARV A
W, 2R, NE =R ARRSHES, [
“E=RY RBRRSHBER. IARL AR, DR
WG =R MEPL. HEIE, “=R” ARk

ABESTALIR I J7s, BAE — HEAL AR ARE 7 SR R N
MIPRIRAR . B B R “ 8 —k” “—A—
dh” o A0 H BT RARAE S5 A Ry b sk = AR,
SRHETIRRIL, BRI mEE RS AT

5 KIEAZMEM. ARMITENRIAETIE
RIS FTUFTS BB ia BUR SR R HE S R RS, Wi
WRINLNTTIR IR B . OZR SRS ESHAER
PAERE SR R SR AR BT, 0 R KPR FH ) R 4
EBRGR ARG AWML . QBT X EEAZ
R G R E R SLI WA IATRUE, NAES RS RS
BRERMEEAH R TIRRS . OEEGHIT KA
ORISR BE, AR TR RIS W E LSS RHEAT R

R FEIRVEAT S Gl R B UR X Ko

X2 B, XIS, Wi, 25, 2003, VLT R B s R b A A 3R 5
FRIE 5PN FRbR IR R, KT IR 5 588, 12(1): 83-87.
JA L, T B, 2008, 4ERAS AR bt X 45k K 5 U5 S T 7Tk 5.

IRBEPEE K LRE2=4R, 19(4): 92-97
TRAAE XEER, A VETE 2002, VLI 5 A SR AR b AT R R R u)
B8 21 (19 n) 85 B0 5. PEURIA RS TR, 16(1): 31-35.
KRR, 1997. =k TR ST ICEIR RN FFERE. AB¥EIRE,

\_ 16(2): 36-41. y

(MEEBA . BILARMTSKS,
LR RESSKEBRENRADE I )

Advances in Meteorological Science and Technology S&EH%# R 8 (5) - 2018

119



120

]
= $ =‘-v

=
dvances in Met S&T

F B EBRSS dh o FH AL S AR 5577 it BR
TFREAE G R AR REERABRIAESES, EH
EE BRI 2 WSS s . B4R, RILIRIK
FrrmmtlfE. BRBITIREMREENES, X
GG BRI R R AR, RS R
HEME BN, TEEATRS ™ /mT, £2—
TR AR LA, WRE TN B E . SRS
PRI g RS R B RS NR . B
RBRENEER LT, P, W THRAARS
RARFW TR MERAAEEERZ L HEE “=
K7 SRR PHARKIE. BHIFIRN “=R" Rk
St AP I BARNKST, EEER B EJR
5577 b, DRI EORE O AN TE AT IR, HRERIR 51 2%
REFRZEH, B =K ARZMSEE, A ®E
BERWIBZEARELR, QRS KRR .
Hew, M-+l “IFE” o mARRERE TN
TR, BARAKREMEIEZEN R, Ea
B IR EAE R REFZEFRR. BT
=, NHEFERSTHSERRW SRR METE
MEERIWARKE. H8E, WILTH EELWS

KE. FEAFIEAE. IKEF. KE. BEX.
HRENW. KE. miRKE. H9E, KRR
W55 7 i 5. SR 5 U 277, 4B
WA R KK A B, A& AR AE E
BARYIRFRFAL 5. HRMREZEMEETH
AR TRT (B o 10%, RS FMAR
il HEENMELTHARBE “ =R AR
MRS5F W, A T BT AR AT 4 A A 5l K 4 IR 5%
FEE, BUS T BEMA S, BTG, EHENRE T

AR IR S5 7 w56, ARG B R AR IR PR B
W, PREEERE M A, TR RO AR L
JOL% 1 Mt s R JE MR A 2R 7 X $E M e KRR, b
Z MEETRPTIRR R E;  “4e24 7 BWXEIT
TR . 1%, b “=R” ALK
FERIINY . BILHIRRHARER, K7 (=
K” SEBMSFRIIAEY , Pl RIFEEIF RS R E
HBA NG EBNHE T 50 R AR R
SHRGRER; BT EERARR R BN E
URAEZR SR E; TR A, SRR
SR RS R LA R AR R A, AR e iR T
T PRI BT 1 BRI, AT B2 e o PR S A 1
R, DL IR RN LW UERTG . BE BEAT A1

ALK
T [ SHERE T KR B 2 AN A — 1R 4 T A SR
KEFT, ABLET MR KE AR, 75
EARMNIZ GRS, BEFT =K ARRS
FIRAAES, BT “=K” IEWRFHVINGE . B
WARKIR S P, NEERIRI AL “ =K
M55 TARM M TIRIFIR R, X0 TaE%H “=
KRGS BIAROT R AR KIZ I E X
ABBERA KWL ER 5 1E, EaRRE. #
RS, AMUE SRR T 8-5 KA R
ARBEBE, EREE G MARBIEATTRE “ =K ARIRS
WA TR IR G LSRR R KA

HES%,
(1EEFBf: PESKESKTEHEIIER,
HESKELZEARHD )

Advances in Meteorological Science and Technology S&%H%#tR 8 (5) - 2018



[\
=]
[
@®

i3

&
b
o

(ESRES: S5 MA (B2hi) ) 1WHr

m #1£3%

A KA FRHASFFAAUEF HADRABREATRI X ERAR, HRREAMEF
Fo b 5 F RN FAZN A, AR BT AR F ARG A TA R LG e £ AR

AR AR AR AR H IR

JE I R 5 SE I A 20

BEMIEN (SRS

MESMH (FR) )

(KGR, 20174

WD, AR NETRIE

ZI# 4, JEFEcological

Climatology: Concepts and

Applications (Second Edition)

F 20084 i Cambridge

University Presstfig. %15

S&EME, 20175 4% Gordon B. Bonanf

NCAR CE[HEZ KRB0 WmBEHiR, £

ER AT R AR A S R 5 SENZ . ZBEN

Bonanf{fXEAE, AR S A1 06 22 I AH S U & FF

AR TR XER R, Wk 7AESY. RS

S 2 TN, WASRHME. S SENA

BAEH. KERREPHE. IR nta/EHME
W R .

A GINT — AN 5 B RHE QLR B A it AR S R
GRS Z B A AR, BT AR R SR
IKSCHAESMES, A T Rt AR S RE2m < fe sz
SR AEAYE . Rk, XA
FIocE AL AS KRR Rl @ FHRES RS
WA SR = AR 0 . 1X — L i 2 AT A
B “ SRS RERDIREM A" TR T # )
T, SE—RRAELL, EE R, EEFXARNEE
Mg s g . e —RINE R R T,
B DATE BRI 3R F . X e 37 @nT DAR 47 ] X
TN A — B AR

APAFE LTS, —H30FE. H -y GF
2~3%F) M TR R G LA ORI KL
IKEBSE) « ABRIEN . B Es (BE4~8F) IR
AT T A BRY S5, B FER RS % ARAR
TSN BT . B =8 (BB9~10F)

R T RS ARN, (O L A R A Y R A
Fo B (F11~15%) N TKLARY, N
BRI CEL DR KRR AR SO THas, R E
Sl EE (RGeS EE AN AEE) o 5
(316~18%) M4 VAWM R Y, WM RtEEE
MR ERITGG, ¥ RIIEWEZ . N
(%19~24%) X TRAEMVAESTR, BFEAS
FOURMVF L ER. VNG RBEAEEE . ESR
G RITIRE . MEREANAS . TR LK AR AEY)
s, Mo, S22FK) MBS, EEMAT
e, MACERRESRENROIB RRAT T3 &
Ja, HLE (525~30%) T 1 iR 5k
BAst, BEARAE BE LA . A F AN 3
BEATWES, Hh, $28% “SE-HPHE37)
FHLE” AEE29FTE “IRAGIA TR S M5t 5T = B ot
FEHR T BR A A7 T AN U S 5t SR -E 8 i B Ja —
B T S R AR
SR UK AT T E R AR SR T T A4
5, (TN VR SRR A S A o A A B AR AEAS
AT, B god R (R 2 A 1
A MERHHE T ERE IR E R SE
PIANEERLZ B 578 o BeAth, BRSO IR R SRR 1R
B IR AR R 2B AT FEN G ER AR
REFFa—S/hREE, flin, CHEMmnS
FLAERE KA (P269) , X s CLBE T K B FUHERH -
Bafl, ARSI ZER. RIEFNEERE
Hey, ARG AT DAL B 152 — > BT DA S 2Ok
RO RE. UL, I AT DA 3 — e RGITFE, X
=F SV VN EPN P S S S b e NIE Y
R TAESY RERE. KRR 2 AR
AMBERA, T AEEY A i sRIE A S i
CRPR R RSB S BN 1), ARBEFEA Gt
AT DASRAS A0 fe] it S AR SR R
(1EEBM: PESKESKTEEIIER)

Advances in Meteorological Science and Technology S&EH%# R 8 (5) - 2018

121



]
= $ =‘-v

=
dvances in Met S&T

“IL 2018
Jié 3t %

http://cmalibrary.cn/amst/201805/

KIIERZLEK

122 | Advances in Meteorological Science and Technology S&fl#i#R 8 (5) - 2018



—— 3 \A 2 9
=5 18 1%k %4
g, W BRES
“UERRR/ETRIER £
SRIEEIEE : SCI-EFICAJD, HERE: 2016—20174F

o B R ER W TEHER
G NnfEZE T MEE{——Temperature
effects on seaweed-sustaining top-down
control vary with season. Oecologia,
2016, Vol. 180, No. 3.

FEEIRAMEZELKE R T,
WKIEE BT S AR E Gl
R RFWiEEES RGN
AN RS R R . FE AR AR
BT, BETEZHM. BE
IR B 4 BRI A AN AT
A, BN EATRT DA B R ] 2
SOWE, LA AD IR R &R
XA S R GBS R 0 A B
AT LA TE o 7R AT W R
o, PR 0 2RIV ERT T
Lo Werner I 1 I 2 IR 5 R
JRE R AR TN — AF DY AN ZE 5 i KL
T A AR A BRI BEE T v 1 e
WEFE AR, BRI N — S AL AR K F
R 7R m, {538 B X
TEEYAH BT AR,
Xof R RSB VR B S e A R I 2R
AXR. ER, LK & H)
Wi, 7o T NEE S E
i A BRI, S BT b AR
YT R E SR A K. FERK
T ZF (WAEEWERMZAY
W AU AR R, A i Sl N 3
Boa AR EZ R Hik, o
FETM, A SRR 8 TH e R i 2
A8 H bR R B W R )
R, HEWEEsS iR REER
W21 .

Mg RIS EY S EENSE
TH: TXR1FTEMKRK —
Mediterranean island biodiversity
and climate change: the last 10,000
years and the future. Biodiversity and

Conservation, 2016, \ol. 25, No. 13.

Hhy A I 0 2 A BR AR £ R
IR R X, Rt B S 2 A%
B X 2 —. FLE, &
2 SR 2 IR 4 3R B X R
ARG A WA AE R SR AR AL )
Wi o I SE AL FE AR AL . WA A
TYIRETE R BT AR s R X
TAFER KB IT, IR AT REH 5
AN FER . B HRA R, F
Rk E K ZHM T YRR, T
DX A0V g 1 X 1R 49 Ao T i 52 5 W)
Ko AMEAALT M g 505 1 A 2
R EFE AR &R AE=
KM+ O E. RALFEM
IERRE . 72 R/NFIHLE BB R
B EE . RS AW AR
i e R B2 R R M Sz BB 1 ik [ 4 FH K
FEP R RSO0, JFNEMZE
FEVE DRI SR A E — DI Pk ik .
A R AR A A SR AL
i e b 1 23 52 i 3 DA T .
Gb, B LA BRA AR CRen AR
58 1) Ay R A A FE ) BR D BH
G 7 YMFEE oK. B, Kok
B 0 B AR O U T, BAAR
vt e A S X A AR A ) N ) B i
WG AT % 5 A= A7 e B 2 1) 22 36 21
e 3 7 E AR R P A T 7 A i

BIHESSETURmITME, UK
AR ESEIK B E = ——Designing
ecological climate change impact
assessments to reflect key climatic
drivers. Global Change Biology, 2017,
\Vol. 23, No. 7.

e ES RGN URWBH R
7 PP A JFE0S A0 A8 A0 i 55 1 1 O
—30 . WL R G e U Rk 4
FE Cln~F ¥ sk o) wl LLEE T Tl

Advances in Meteorological Science and Technology & #RE 8 (5) - 2018 | 123

Reading ®) %

A 7S R I 55 1 K VR R . AR
MM, PS5 A SR A 45 &
1 RL 5 TAF AR AR 2> 45 21 B 1 ¢
V. 32 [E H5T I A R 1) Sofaer 4 [F] i
TAEERA A (GCM) AN H AR
e R, JFHE T HGCM
AR R A SR R I RESE . FEXT
SEFEPIRESBUR I R G, R TL
AN ST TR AL AT
AT TT AL R AR TR o X W <
TEBURINAES RGBT REZ 5 T ATEN
CRERIZSTE]” Jiike ST SRR
SR R0, A 1) A 7 S0 AT b
o EFINER A T A B8
PIRIRHEL, FEIX/MEREH, A
BB E Ry AR R T . 4k,

BRI DA A R i P e R A 6 (1)
TRAEAL, AR AR BRI 254K
DK D E AR R . ST Rl
TRV A i AR AR S T, AR
TR R A 1 T AP A R
o WEILILTRIA T SRR AN E
AR PR SERRE R, SRIA ARG
G A R AR LR RUBE S 1
R H ) IRk BTG R . AR SRR
WA T A ABE 1 i H 2 e 5 A
BRRBER, NI AT e AR A R S
A 5 11 326 R0 S FH o

SETUIF R MNRR L FIED
£ G % i) X 3 % B ——Regional
modeling of climate change impacts on
smallholder agriculture and ecosystems
in Central America. Climatic Change,
2017, Vol. 141, No. 1.

A A A K T 3 I AL
ABE RGN KRR A 74 E
Wi o ANARARNMEIJCH eSS, PR AT
0 A T O T AR L AR A R Gt iRk
55 o 3B V) T ) [ SO b 75 3 B
i, DA IX s s, fH g SR
1AL UE S KD o A AR B
TIRANX —Z R, fESL, FE I
N BE IR R} 2 AR A B B A0
Hannah %% [ i i 25 4 42 Sk %t o
6 YA LV A A= 285 =A% B8 A 5 91 ) A
PR FC o 3K — LR X A% AL AL I T3
W m P ot IR ZI AR, JRER T



TEBE

dvances in Met S&T

By T30/ 31X 26 52 0 (1) SR AT B
W BER, KRAEIKB) I
38 BEAR T SR IEY I IS
P [ERERRZ, EAZMXT
& U EYD, WmME R E BT
M. EXRGHEMEN, <MKz
IR A% A B AT 6 AR 0 A g 4R R v i
PRI Ll M AR P X . i 5 P AT Y
LK, HH X VR 2 N RN AT —
AN B AMEARATT AL T fE ke 2 A B e
SVED R . B IRE B SR BE AT LU
XECHLA AR Rk 2. BT
INH 0S5 AR A A 7 e R g AT B
R AU, . S 12 XA A A
0 AR M AL A XS R
AP U555 ) 1)
AP S R NI =

(At EFhs%h)

R KN BB ES K EY
Vil CBRVE AL B ) 201645
62553

1 Th B 6 Bk A2 B 7 48 R BH T X
Ih B RS o A ELBROBE Bk B A D AR
i£5733.3 hm?, JEHEL T LA T K
AR 7 Y8 [ Xy 3 1 B Bk 7=
e ats, #EAL T 2 AN BRI R R T
B, P AN AR Z A B
Tt Ak L, BRI AR E 2
205y v = = e S B R 7 v ]
R = b R AR B 3 B0 I SR e
o B Th ELBR A Bk R AR X BE AT R
BEIEE AEKTHRR L. i\ KES
& TR A AT, AH SR SR KN
UKL X, AR R &M X
BN A KRB W oREE ., T
L5 HT TR KA R B B A K
KB WIREM, X5 R A Ak 2R 7= 1
BN SRR FWAT T A, A
T T B BB AR X AR %
FAF, hiE T E R B A
PRALT RF2ARE

MK ESSERRFEET S
— (AR 5HEIRFE) 20164258394
53]

2 1F IR 25 3ok B e S0 2 A IR
IR ATT S A 5 BRI R A A 25 30 85

ST AERSTRbR, XK TAESS
i B PR PR 9% A2 38 B 13 AT T AT .
ST RFM: KA FEEELN
H N ARETIE R 5 48 B BCMI SR 21
RE CEFIE” ORI “RETIE T A,
o “RPE” FONAEANHs AL
RS AT R AR RS A
BHHCI>60) , Heo “RiE=E”
TR AWASD,  “FRALEE” H
HBAE LA WK TSR RIETREL
WCHH 7E550 keal/(m*-h)EA R, #z/b
HIL™FER A, AR R N
A S5 FEA e s B ZREE K AR IR I
FERAS B, LI RT H IR IE A
THIME ATIA80 LA |, 377 X 45 )
W EE R E . KT ASIHE
BT, RARFE 5 3% 980.8%. W=
FEFE%1%0.96 Wi /K Fikbr &N
98.9%. it R A RHA360 d, FH4H
T LN EH R AAL RF 51X . E 21
A 3R T A S S A B R T B o b
N, WK AERE bR S SR
A, HARNFRAEEEMEEREN
W R R

S&REESXHABEZHHERAFAR
— (MESKE) 20164754

ABEXHERERSZE BM
Ko FublRGEgFIWRENTAN
o WU TRREESCHE R F
MPER . HIEHAR RIS CHE
Wb R 2 EARBLE A LSRR
FRINAER SRR . AR R
FARRE S TR AR
SRS SR . X A AR
AR TR RERETRS
FIFS AR CHER. KR
WS CHERE . FIRE
T, RBEWBERGMWS KR
o SRR IR AR TR AR B
IR S EHMEH . ®
R S AR A R AR L A
i T2 IR T RE SR 7 50, R AE AL
1) A8 S A A SC W T v I HE B2 R0
HAL G TAE, ARSEASH
RFEM AL, TFRARRES AR
JRHHE T

124 | Advances in Meteorological Science and Technology &% R 8 (5) - 2018

M 4B B3R R G & S5 R
— (SR ML) 20164F 25 4445
81

PERSFHMMEMNES
A S5 A R SR R A I S B T B
SR FH 22 o I 24 5 AR il 1) A Lk 47 Bk
W ze FE DN 4% 7 &, T ROE B B R
BRI OC, HufE . RER
Hil%ZigBee T M 45 ¥ &, T R4
BHE R AR R A
A W2 R AT A 4%
NI BRI R G, A
[l A S . b AR B A BT R Y 8
AN127.8 hm? 5L 559 16k 9 BE FH 7R 8
Fedh, A B FER A 7R 5L b AR v 1L
B, AT RIFMAS . KT
fi. WIKRUEELAR 5T £ =K EM K
S B I 87 71 i b B () 5 00 5
W=, KIS0 %, &t
PREE IR 1 4, AR EMEIN0.07
kg, fLHEZik81.6%, 17778.3%;
g FU AR B T K T70% A A,
FTREA5%; e AU PR S T KT
B 150% .

KEBLEERAESRSZHARK
— (FHMA) 2016455241
mEERL, Kab4AEKs
TR B R AR AR N RO
AR, BRMNE SRR, RRAES
ARG, LYMELTGEE, B
AKFE, KEET = HEEE,
e mME TR RIC A ST E
ZhkE, KA ILRRRITREAESK
WG EXEK, BArEZER
FZNEA: BRRKERER TR
APER S N THWELE RN
Bi7 v N KBRAR KR SE A )82 B
RO 1D A A bRl A 25 45+ A A
J s HETT SRR R E L R R
BRI S R LB A RIR S .
20164F JT 4R I AR AHLI IR AN TT B K
HILAESBERP X IERS, X
KA WLAESKRPAEE A EHER
B, [E A RAH R R A
B ke
(AL kHfitsh)



IR I

AR WKEE RET
H#EIFS: AT ATEERERN
175 5 B EE——Leaf phenology
paradox: Why warming matters most
where it is already warm. Remote
Sensing of Environment, 2018, Vol. 209.

SRS R G R T AS
A R I R SR R AT R
(i B, i H AT e AE BAE FHATIAA
Wb AT XL HARR)
DTk, SEEFE TS Seyednasrollah
S5 A% P 7 B 2 SR B A8 BRI T 3R
I 2 o A A s FEE AN [ A 35 X
AR S T/ i DU =V L
RE— A DU, B4k 7%
i TR FERN R 2 A a8 A ek
Ll DX B S X (R T = A
SN BTFUAER T 2001—20124F 36
[ 2 g FRB9 WL st O AE 1 A2 AT R
WIR s . HAE IR EONE 2%
THI P52 24t . AF AT s RAUESE TIRANA
ABXAES KA S URAEZ (1
FAEARSEIIAZ BAR M . BEFEREL, 12
WX, FFE AR HATER,
TITHEE R DX ARG A Bl B2 7 ) B
PERE R R A i DO R AS R 1)
BRI AR AE N B, (BRI FE AL T —Fi
AEBRGRMILAEN: EH MR
AR LLTE PRI D AR MO S AL R
AR BEAIC, IXAR TR i T4k
YIAE A ity RF AR L
AR AT T UR I B 5 32 3 H
SR MR ) AR AN R SR, T
TR M DA 0 B AR A . Bl
Fid R e GE AR E S TR
R 22 ) g, R ETR
FJRERBREE, EREFEL
Ja A I .

1587—2008FE R ZEEHFLTXE
Z 8 B E # ——Reconstruction of
the regional summer ground surface
temperature in the permafrost region
of Northeast China from 1587 to 2008.

Climatic Change, 2018, \Vol. 148.
N TR AR AL 2 AR R X
P AR AR SR, TR B AR ML K H K
SEAEIET D TR FA SRR v AR
AT At s (GST)
Hdm . BTN B (AR AR U
FH I [ b 4 50 AR R AT 3,
FEAE T — A X3P 2 AR
GST A& 1% b X B AAE K g 2 ZERR ] (K]
o M HrGST H HodE 5t i Ak
K p= A R ZU S 1) R H, WL RIS
H30H—8H26H (HZ) KIGSTH
Sl ) BRS A A A A SR B 5 I v B
AHI%. 1971—20084F, HZEGSTS5ih
X P 251 4 R A 8 4 3R R A o0 R H0E
#/0.704 (P<0.001) , F:F b, it
T 1587—20084F[FIGST4 . Bz
S HIGST#RE 71971—20084 H#A 1]
SEBRGST I % 1149.4%, i 1744
MEd (1597—1603, 1716—1723,
1781—1788#111925—19294F ) HI34
A (1639—1647, 1686—171141
1799—1805%) . EHJEHIGST S/
UK)IEAAE 2R — 3, 1857—2008
R HRIE 2 5 2 BRSNS 22l
R AAL. E S IGSTHILA
A S VR RMCER A — 8. AW
GST/& A 78 1 X 3 K [ GS Tl 3%

AR NG LIRS 2%

M Sentinel-23¢ i K B & E & E
HERZaE, UMEITZENEED
FhiE 2 45 19 E R YL —Retrieval of
the canopy chlorophyll content from
Sentinel-2 spectral bands to estimate
nitrogen uptake in intensive winter
wheat cropping systems. Remote
Sensing of Environment, 2018, Vol. 216.

EEANRN R G, > EE
XSS B W WK TR 2 — R
TEVI TR EINFI N . X —HEOEHE 5
REEFIRE (NND HK, ZEH
Fe T AR 2 v B RRI SE BRI 2
(37N ANHICNC) AR
PRt , AR AT B R B TR R
FE 1) RO bR 98 BEDRS A il T8 N A
CNC2 5 Z A R I B 7 . EL A

Advances in Meteorological Science and Technology & #RE 8 (5) - 2018 | 125

Reading ®) %

I & 10K 2 ) Delloye & 0T 58 £ 1,
S [ Sentinel-2 (S2) TR ¥ 1
/NZCNCHIEJZ M4 & (CCC)
2 M AR AR SE (R?=0.90) .
CNCHICCCH i & T N T+ £ ¥
% (ANN) J5i%. CNCRisiRZER
%, Zr3lE4M21 kg/hm® (T
KB , X6 FIFANNIEEE %
7o ABEFRAGH TANEELER: o
JEACEIE BN 5 RO R ML
PEL AR KB B AR X TR
A AT B X 7R B 10 m - S2idiE
KAGHEN. [FEF, 4387 73F 5CNC
TN A 2 1 A= 4 4 3438 o () Ak
fE: SRS (GAD | st
EHREAMCCC, WHFtat, BERMR
JRPERZIE T GAIRIAG TG B, 4Lk
TEAEAKETIN T GAME TIAS

SETEXLARMEEERN
=M BUR T + 3888 E —Effects of
climate warming on photosynthesis
in boreal tree species depend on soil
moisture. Nature, 2018, in press.
AR R T RN A S
AN T R DC SRR . 1%
PN T3 TN AR Ul A0l e 2
PR g 4 BR AR AR KT 70 X IR AE P
I 2 )l AR R 1O &
YRR S0 33 7K 7 7T e 2 PR A e I A
RS S B JE 750k K22 ) Reich
SR T B AT BRI AR ZE T AN
2=l P BE )T 544, AR
fRIRZ I M IE BB . AE— I i iy A
JET7 AR LR IL A B AR R R A O 1913
)R R BRI T, X T A E AR
T CHAKZER 1/3) B
M, 3.4 CHRINGIRSE N 1B
EERMM R T . EPTA 1R
P, MRy RO R DL H R
FOGHRATE G AR 51T B
T HAE SR AR IR W6 N R T
W 2 LU AE iR R IR RS2 . [
12D A W g 7/ PG w3 - 3
B CHAEKZFER23) , AfEE
MRS T OBt AF s S 1E . B,
TSR AT R A R R A
. FEAERZFTNREE R,



TEBE

dvances in Met S&T

IR SRR R A ) BE 2 PRI B

AN T 5 PRI B O

EEH IR RAL
(tdELFdshm)

Je R i X PR FHR B IR B AL IR
BR— (RHAER) 20184E5H 634G
#5263

ZARRFFEERA SN, AL X
IR IEAE OB L A BT 2 P
AR ig E SR T, ROy “AERK
K7 R LRI PEE TR 5 TR
GRERNCO R W BHEAMR, AR
BT R, PR A 2 R T B
JFRE T REWRTAR, FFHRI T — &
FIRI B AIES, Sl A BRI
FHEERS “ACARTBOR ™ RO R SRS AL
BEATIRRE . W BT RSN LA
K7 B FELENLE] I B TR HEAT
TR, I BB TS R RSB BT
FkfE. LZEIANFRM,
PR THE R 5 32 AR O HEE . K
OABETRNIE ) 22 PR S S L
Chnitgok S B AR ARG B T 5
JER AT 5 PR BE 6 E IE S L
il BT RS A0, AT
REAE Mt BROR L AER IR 1R
R [ 420 J5 45 RE A% g iR P B,
XA DR SR A TR, %
BRI IFATAE— RE R o o LI
e BN PP RR A P s =, A
LARZRANF R 3R 2 R SRR L 45
PERT TR SR AE M, H DS T ek
b DXCHRIE T+ 14 S B XA 75 22
W, AFEIRZ B AR K 7B
BB, K. mRERE
HRAGEM R, WA
RS B A T AR 1S
ARG RERICI I e E L, L
LT XA YU R 5 2 [8] A SR IR
HIRIZEE AT, KRR TH
DX AARAZALAIT FE ) FEEE 5 ] -

i TEESERESRKXER
SRERESRER MmN EEIRE
— (HhERP AR ) 20184 5614
581

b T JBE 5 0 K R BE VAL 3 A2 52 )

BARAEARE R T, RE
1) 55 A F WRFAS 20358 FH i 0 22 7
%, WAL, LREH R
JEE . AU IS T 2R A E
VR R I8 3% Yo 8 T /< e 465 44 A8 4L
s . 250K YU H R R —
S R WG W27 e VAR s ¥ R LU
fA A R TS i Shapiro-
Keyser (S-K) BiRIZER . Y [FR %
JEHBTH BE AN R R SR A, AUie R
PLANAL T S AL 8 e K e Ak 1)
LI AR AL AR . BT
LI R ST R e U A B IES-K
BRGEHR), SLE AR &R A R TS-K
BRI GER I o 224 [ I 2% S T PR 448
FR R PEFR O, Peahib T Smdem
(e I B A A 2 s T
S BN R SR AR R 3 R
AT B 5 25 R R DA S A W B e S
KA, ik T 2nE M
JiE RS- KA B 51 o XA
S8 AR TR K B b X R A
AN ML S-KAR AL ZE 4 S el

SETEET1981—2010EHE
INEYETZ R E SR — (PEE
2 (HIERBIE) ) 20184F 548555 7]
WG S AR AR W S S F
N Z =, AVEVIWAGE S AL J 5
ML A 7208 F B2 xS AR AR A0 R e
XA AE PR B L, BTk
Z KBRS IN A, A E R
VR A K 2 Y I B 2 AN SR AR
b, R W ik AR A 3 ) B S
I3 SERFERF FARE D . X R4S
BT A EAN N RE X 48R
55 31981—20104F (11K 7 5114
MHEs%, ST /NEE104 Y5
FAH LA K B B B I I 2 AR 4k
LERLEW], 1981—20104E, fE/NE
AKRFENABEEEEHLERT, D
EMFEH AT BELL., EaE
JUBE, SRR, BT, =R
FL A S 35 HE AR g FE 4y 000,19,
0.06, 0.05£10.06 d/a; M/ BEHA.
WA, ZAE . dhEUE . R
R B F 2 B IR 82 4 R 0.02,

126 | Advances in Meteorological Science and Technology &% R 8 (5) - 2018

0.15, 0.21, 0.17, 0.19410.10 d/a;
FRAE K BOK B A K Z K 43 )
PI4i550.2310.29 d/a, T ARG AR K
BUK P HI%EK0.06 d/a. AN A FhHE
DX /NZEMGE I Je A K B B K B 11 AR
EAARRAA . NEERKZEREX A
K2 P S DR AR A RRURR B 1 2 ) 4y
FRHETESR . &/ NEZ ARG N
K. F (&) MEAEKFBKELE
FEAEKFNPIRE LTN4ARE (i
£ 5 FrAMEX N KK EY
I A1 K 2 P B8 AR R BT 45038 1 4
Ko He, HFAFELKFRESREK
MIBUR LN T2/, BN H RIS 3
MR KT &/, e T A0 A
FEE PRI N R E, Fe RN
WIHMBEAS AN, B AN [5)S Ak R -7 A2 A4 )
JRE ) 2% 8] 23 S AR ALE

B B CLDASBE 7K 3R 3h X Fp [ X
HREEMHZIWIEMS — (X
) 2018425444 5581
TS TR HRE 52 1 8 PR TE UM%
AT K SCOEHE Ty 4 B B Ay £,
FE RS AN T 2 [ RS2 T 75 R = A
TKAE M I B35 A, T i T 3K 3 B4
1R B B3 U A I O AR S A
BR . IEA % KHCLDAS (CMA
Land Data Assimilation System) Fl1Eg
5 IBE KB 5 (CLDAS Prep) 4
51 3% 2l N oah3. 6 it Thi 452 2% #2570
BEAT R, IR A E AT X
ARABDK I Bl DI e e X 3
MRMEEER. THR. HTKLYEN
B R AT T VPG . 45 R,
CLDAS Prepii i 1 5 W5 £ 4 2
B THEAR 7K BT i A AR UL R 25 2
AL R A6 DX IR AL 45 S
(YR [ AR 2R B o — 3, AE A%
HR HARKYEIE RN
0.42, 0.78, 0.93; MM /KYEMKL
BRI R, 07 iR ZE AR 22 47
WM T 54.8%H183.1%, HH5 Z %L
P51 70.47; [FIES, CLDAS Prep /Y
Ae RS AR R AERR A2, 1h) HLAR
M AL b S B HE 58 P AR IR R %
FHF.
(A b hHkRm)



(< iﬁ i}zlf, élﬂ I_Tﬂ ) mi. mHE

“Nordhaus was in a position early on to think about climate
change from a human-welfare and well-being perspective. Without
him, there wouldn’ t be such a subject of climate economics.”

“Nordhaus 2 M A K 4@Ak ) f S A% T
FA, BT RA AR Z T FEA G FA, 7

——2018FEN/REFFRHAMAUEELFFE William
NordhausflPaul Romer3= , LARE A I1IESIRZHFR
AEERAGMEFFZH , GEARSFAEA—NEEDN
78 METESIEBUIHSEFRFNE , BANARER
ERIERR. EIUARRIRRE | BERKKIESIEZ AR EE
Ottmar EdenhoferfIltiFiCkBEBE XS, Bl TSIEZ
2R HFRE E Z—NordhausfZ AR BABFIEN.,

“As a first step to demonstrating how this type of satellite
measurements could be used, we chose nine sites in all — sites in the
US, Europe, Africa and Australia. We took four satellite missions
that observe soil moisture and we were able to measure the amount
of water applied for irrigation between two consecutive soil-
moisture measurements from space.”
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— R EAT70%HRKERERTFARIER , Xt
BAE ‘T 2WKERREENHX. BEAFZFELuca
BroccatiSHIEIAE T B ERNEIRERAR ST RKE
TS5 |, MRHXIRRNIG A RAI SRR 1T 7 I LR,

“As glaciers thin around the world, they are modifying their
landscapes dramatically. In the case of Taan Fjord, the result was a
massive tsunami. The tsunami was triggered by a massive landslide
in October 2015 that occurred above a glacier that had retreated
dramatically in the late 20th century, We need to better understand
the risk posed by these steep slopes in a changing climate. Our
results call attention to an indirect effect of climate change that is
increasing the frequency and magnitude of natural hazards near
glaciated mountains.”

“BARKN FEGN, &KW AR T L4 E, 2T Taan
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“Clouds play a major role in the Earth's climate by
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transporting heat and moisture, reflecting and absorbing the sun's
rays, trapping infrared heat rays and producing precipitation. But
they can be as small as a few hundred meters, much tinier than a
standard climate model grid resolution of 50 to 100 kilometers,
so simulating them appropriately takes an enormous amount of
computer power and time. But a lack of supercomputer power, or
the wrong type, means that this is still a long way off. Meanwhile,
the field has to cope with huge margins of error on issues related to
changes in future rainfall and how cloud changes will amplify or
counteract global warming from greenhouse gas emissions.”
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“These contracts represent another step toward bringing
commercial sector innovation to NOAA’s mission of delivering
life-saving weather forecasts and warnings. By collaboratively
testing commercial sector capabilities and new business models, we
continue to optimize the impact of our observations and reduce costs
for taxpayers.”
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“"We determined that in the first eight days post-landfall, 30
percent of Harvey’s stormwater was captured or stored on land --
most as standing water that sits on the surface. Around 60 percent
was lost or drained into the ocean and Galveston Bay over the
first few days after the storm, and the remaining 10 percent was
lost via evapotranspiration, or a combination of evaporation and
plant transpiration," said first author Chris Milliner of NASA’s Jet
Propulsion Laboratory in Pasadena, California.”
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“ESA’s SMOS mission can give us really interesting new
information for operational storm forecasting, which we hope to use
along with our traditional sources of data. SMOS measurements can
help us keep track of the structure of a dangerous storm. Combining
SMOS data with that from its US counterpart SMAP mission, will
give us more timely information which is essential for monitoring
major storms.”
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EXMXEL S Donald Trump 3 SUREMHRE, RBEEBD, QFRETEMRE, UTRHERZICE (Lesley

Stahl) RiAH EFFIHEJLAITE:

Lesley Stahl: Do you still think that climate change is a hoax?
(HRIZIA A AN TACZ TR ooy )

Donald Trump: | think something’s happening. Something’s
changing and it’ll change back again. | don’t think it's a hoax, | think
there’s probably a difference. But | don’t know that it’s manmade.
I will say this. | don’t wanna give trillions and trillions of dollars. |
don’t wanna lose millions and millions of jobs. | don’t wanna be put
at a disadvantage.

(RERRZATHA. ANABRE AR ELEETEX,
ETIAACEIn R, RAH THRA LA 2R KT b ER
AAFERREY, BARZE L. B RBEAKRZTEEL, KTA
K ERFIAFL, KRALTAADRAL, )

Lesley Stahl: | wish you could go to Greenland, watch these
huge chunks of ice just falling into the ocean, raising the sea levels.
(B A 2R A2 2, AAERKRIFHEE, ibik
w457, )

Donald Trump: And you don’t know whether or not that would
have happened with or without man. You don't know.
(TR R4 i AN KA B AR e R T LK A, AR
Ko, )

Lesley Stahl: Well, your scientists, your scientists--
5, Re9R 2%, R RER. ... .. )

President Donald Trump: No, we have--

(R, ZMARFE. .. ... )

Lesley Stahl: At NOAA and NASA--
(ZENOAAFNASA. . . .. )

Donald Trump: We have scientists that disagree with that.

(BMAAFE AR B ZA G ILE. )
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