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Bias correction of gauge data and its effect on precipitation

climatology over mainland China

Yingxian Zhang?, Yuyu Ren®, Guoyu Ren®?, Guofu Wang®"

Laboratory for Climate Studies, National Climate Center, China Meteorological Administration,
Beijing 100081, P R China
® Department of Atmospheric Science, School of Environmental Studies, China University of

Geosciences, Wuhan 430074, P R China

Abstract:

Rain gauge measurements have long been recognized to underestimate the actual precipitation.
Long term daily precipitation records during 1961-2013 from a dense national network of ~2400
gauges are corrected to remove the systematic errors caused by trace precipitation, wetting losses,
as well as wind-induced undercatch. The correction percentage is higher/lower in cold/warm
seasons. Both trace precipitation and wetting losses correction are more important in arid regions
than wet regions. Greater correction percentage for wind-induced error can be found in cold or
arid region, as well as high wind-speed area. Generally, the annual precipitation amount, as well as
the precipitation intensity, more or less increases after bias correction with the maximum
percentage being about 35 %. More importantly, bias corrected snowfall amount, as well as
rainstorm amount, increases remarkably by a percentage up to 50 % and 400 % respectively.
Therefore, the actual precipitation, snowfall, and intense rainfall are really much higher than
previously measured over China. The bias correction is thus necessarily needed to obtain accurate
estimates of precipitation amount and precipitation intensity.

Key words: precipitation, wetting losses, undercatch, error, extreme precipitation, China
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Recent Surface Air Temperature Change over Mainland

China Based on an Urbanization-Bias Adjusted Dataset

WEN Kangmin®, REN Guoyu*?", LI Jiao®, ZHANG Aiying®, REN Yuyu?, SUN Xiubao®®, ZHOU
Yaging®

1. Department of Atmospheric Science, School of Environmental Studies, China University of
Geosciences, Wuhan 430070

2. Laboratory for Climate Studies, National Climate Center, China Meteorological Administration,
Beijing 100081
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4. Beijing Meteorological Bureau, Beijing 100081

5. College of Atmospheric Science, Nanjing University of Information Science &Technology,
Nanjing 210044

6. Jinzhong Meteorological Bureau of Shanxi Province, Jinzhong 030600

Abstract: A data set from 763 national Reference Climate stations and Basic Meteorological
Stations (RCBMS) was used to analyze Surface Air Temperature (SAT) change in mainland China.
The monthly data set had been corrected for in-homogeneities, and it has been further adjusted for
urbanization bias existing in the data series of size-varied urban stations. The standard procedures
for creating area-averaged temperature time series and for calculating linear trend were used.
Analyses were made for annual and seasonal mean temperature. Annual mean SAT in China as a
whole rose by 1.24 <C for the last 55 years, with a warming rate of 0.23 <C per decade. This was
close to the warming of 1.09 <C observed in global mean land SAT over the period 1951-2010,
and indicated that the urbanization bias had caused an overestimate of the annual warming rate of
more than 19.6%. The winter, autumn, spring and summer mean warming rates were 0.28, 0.23,
0.23 and 0.15 <C per decade respectively. The spatial patterns of the annual and seasonal mean
SAT trends also exhibited an obvious difference from those of the previous analyses. The largest
contrast was a weak warming area appearing in central parts of mainland China, which included a
little part of southwestern North China, Northwestern Yangtze River, and eastern part of the
Southwest China. The annual mean warming trends in Northeast and North China obviously
decreased, which caused a relatively more significant cooling in Northeast China after 1998 under

the background of global warming slowdown.
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Analysis of variability and long-term trends of sea surface
temperature over the China Seas derived from a newly

merged regional data set

Yan Li

National Marine Data and Information Service Center

ABSTRACT

A sea surface temperature (SST) data set was recently reconstructed for the China Seas and
their adjacent waters (100-150<E, 0-50°N). Hereafter, we refer to this new regional data set as
SST-CS. SST-CS has a monthly temporal resolution and a spatial resolution of 1<latitude by 1<
longitude for the period from January 1960 to December 2012. This data set is merged by SST
observations from the State Oceanic Administration (SOA) of China and the SST observations from
Release 2.5 of the International Comprehensive Ocean-Atmosphere Data Set (ICOADS R2.5) from
1960-2012. SST-CS has improved the data coverage over the China Seas (105-130°E, 15-45°N)
compared with ICOADS R2.5. Results show that SST-CS is more consistent with SST observations
over the China Seas than COBE SST2 and HadISST1, especially in the offshore areas, and can
better capture the temporal and spatial variability of SST in the China Seas. The warming rate of the
annual mean SST derived from SST-CS is about 0.153<C every10 yr for the past 53 yr over the
China Seas. Regarding seasonal variation, the most significant warming trend appears in winter,
about 0.181<C per 10 yr, and the lowest warming trend occurs in summer (0.102<C per 10 yr).
SST-CS can provide a more suitable and available data source for climatic and oceanographic
studies in the China Seas and their adjacent waters.

KEY WORDS: Sea surface temperature ¢ China Seas ¢ Data set ® Observation ¢ Climate change
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2 Met Office Hadley Centre, Exeter, UK

W=

Changes of the winter North Atlantic Oscillation (NAO) variability in response to different
climate forcings, and their possible causes, are decomposed and investigated using a set of
atmosphere-only timeslice experiments forced by sea surface temperature (SST) from coupled
runs. The results indicate that the effects of uniform SST warming and direct CO, radiative forcing
could enhance NAO variability, while SST pattern change could lead to large inter-model
difference for model simulations. For the influences of uniform SST warming and the direct CO,
radiative effect, the most significant air temperature increases occur at mid-low latitudes instead of
northern polar regions, which produces a greater meridional temperature gradient at mid-high
latitudes, thus leading to enhanced westerly winds according to the thermal wind theory. The
effects of uniform SST warming and CO, direct radiative forcing could lead to intensification of
winter NAO variability, although this result does not consider ocean-atmosphere coupling. The
meridional temperature gradient decreases in most areas of the northern Atlantic under the forcing
of SST pattern change, but with a larger inter-model uncertainty, which makes the change of
winter NAO variability in response to SST pattern change an open issue.

T R E SRR ORI (2017YFC1502302) FIE S AREIEIE ST H (41775066, 41375062)
WIWEE: f£%H), renhl@cma.gov.cn
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Abstract: As an extremely significant phenomenon of human-induced LULC change,
urbanization is increasingly associated with regional climate change. During last few decades,
anthropogenic LULC change and increasing warming in the mega city have raised great concern
about urban precipitation trends change. Since the opening-up of the Pudong district, Shanghai has
been regarded as one of the most intensively urbanized cities in China. However, this continuous
urban expansion has raised two questions. First, whether the areas where LULC changes rapidly
are consistent with that places with more precipitation or extreme precipitation. Second, whether
the probability of extreme precipitation over built-up area is higher than non-built-up area.
Consequently, we quantitatively assessed the long-term observed precipitation trends difference
between built-up and non-built-up areas, particularly for extreme precipitation in this paper.

Based daily precipitation records from January 1960 to December 2012 and four periods land
use and land cover (LULC) data in 1979, 1990, 2000 and 2010, the relationship between the
spatio-temporal variability characteristics of precipitation trends and LULC changes in Shanghai
were quantitatively analyzed, by using linear regression, IDW interpolation, data gridding and
spatial analysis.

Results show that: (1) In the rapid urbanization stage, the expansion of the built-up area
generally reflected a diffusion trend from the center city to the periphery and suburbs, as well as
the percentage of the built-up extent was largely influenced by the distance from the urban center.
In 1979, high-density (built-up extent in percent is higher 80%) grids were mainly distributed in
the inner city. During 1979 to 1990, the built-up area presented a north-south direction trend of
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expansion, and the rapidly changing grids were surrounding the urban center. By 1990,
high-density grids were continuously increased and extended to the south of Minhang and
Baoshan. In the stage (1990-2000), Pudong district was inaugurated as a new development zone,
the more dynamic areas of urbanization were concentrated in its eastern district and other suburbs.
In 2000, the percentage of the grid coverage in the central urban area were greater than 80%. From
2000 to 2010, the built-up area also expanded enlarged. Different with previous expansion
direction, the active urban expansion of outlying districts formed a ‘U’ band, advanced into
Jiading, Qingpu and Songjiang areas in this perio. Moreover, there was no obvious change in
central area, which indicated that a maturing and thus waning potential for urban sprawl in these
places.

(2) Meanwhile, the spatial distribution of annual precipitation and extreme precipitation
trends are exhibit urban rain-island feathers, but the later also shows an increasing trend on the
upwind of the city in this phrase. The annual precipitation trend takes urban station (Xujiahui) as
the center of high value shows distinctive increasing trend, while suburban and rural stations
showed a weak or noticeable decline, especially in Baoshan, Songjiang, Chongming and Qingpu
sites. Extreme precipitation and its frequency spatial distribution characteristics are similar to that
of annual precipitation, but urban site is increased dramatically, and otherwise, the upwind regions
of East Asian summer monsoon, i.e., the southeast coastal areas, show a large-extent upward
trend.

(3)The LUCC changes rapidly are consistent with that place with more precipitation or
extreme precipitation. With the increase of the overall change rate of built-up area, from
“Very-Low” to “Very-High”, the proportion of “T 5” shows an increasing trend in annual
precipitation, extreme precipitation and extreme precipitation frequency. The grids with large
annual or extreme precipitation trends are mainly distributed in the area where the overall change
rate of built-up area is higher. More importantly, built-up area has higher proportion of extreme

precipitation with increasing trend than non-built-up area.
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Underestimated interannual variability of East Asian

summer rainfall under climate change

Yongjian Ren'?  Lianchun Song®  Ying Xiao® Liangmin Du®
1 Hubei Meteorological Service Center, Hubei Meteorological Administration, Wuhan 430074,
China 2 National Climate Center, China Meterological Administration,Beijing, China 3 Hubei
Key Laboratory for Heavy Rain Monitoring and Warning Research, Institute of Heavy Rain,
China Meteorological Administration, Wuhan, China

Abstract: This study evaluates the performance of climate models in simulating the
climatological mean and interannual variability of East Asian summer rainfall (EASR)
using Coupled Model Intercomparison Project Phase 5 (CMIP5). Compared to the
observation,the interannual variability of EASR during 19792005 is underestimated
by the CMIP5 with a range of 0.86~16.08%. Based on bias correction of CMIP5
simulations with historical data, the reliability of future projections will be enhanced.
The corrected EASR under representative concentration pathways (RCPs) 4.5 and 8.5
increases by 5.6 and 7.5% during 2081-2100 relative to the baseline of 1986-2005,
respectively. After correction, the areas with both negative and positive anomalies
decrease, which are mainly located in the South China Sea and central China, and
southern China and west of the Philippines, separately. In comparison to the baseline,
the interannual variability of EASR increases by 20.8% under RCP4.5 but 26.2%
under RCP8.5 in 2006-2100, which is underestimated by 10.7 and 11.1% under both
RCPs in the original CMIP5 simulation. Compared with the mean precipitation, the
interannual variability of EASR is notably larger under global warming. Thus, the
probabilities of floods and droughts may increase in the future.
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Assessing the inundation risk resulting from extreme water

levels under sea-level rise

Aiging Feng

National Climate Center, China Meteorological Administration, Beijing 100081, China

Abstract: Extreme water level is always produced by the encounter of a storm surge and an
astronomical high tide, which leads to the occurrence of coastal disasters. Driven by global
climate change, sea-level rise would exacerbate the hazard of extreme water level as a
disaster-inducing factor. Rongcheng was taken as a case study considering its physical geographic
conditions and socio-economic characteristics. Based on Representative Concentration Pathway
(RCP) 2.6, 4.5 and 8.5, this study explored the inundation risk of extreme water levels under
climate change. Pearson Type Il (P-111) distribution was used for refitting recurrence periods of
extreme water level, which aimed to characterize the occurrence probability of coupled extreme
event. Expected losses exposed to extreme water levels were assessed through inundated area and
depth, per-unit loss values and vulnerability curves of land-use types. Results indicated that
sea-level rise significantly shortened recurrence period in 2050 and 2100, which suggested a
higher frequency of extreme water level in future. A large increase in expected direct losses would
reach an average of 60% with a 0.82 m sea-level rise (under RCP 8.5) in 2100. Moreover, affected
population and Gross Domestic Product would grow 4.95% to 13.87% and 3.66% to 10.95% in
2050, respectively, while the increment in 2100 would be twice. Residential land and farmland
were demonstrated as greater inundation risk because of higher exposure and losses than other
land-use types. Consequently, the intensifying hazard and the increase in possible losses suggested
that sea-level rise would exacerbate future inundation risk in coastal region.

Keywords: sea-level rise; inundation risk; extreme water level; expected direct losses; affected

population and GDP; recurrence period.
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Effect of the Atmospheric Quasi-biweekly Oscillation on the

Vortices Moving off the Tibetan Plateau

Lun Li*, Renhe Zhang ™3, Min Wen*, and Junmei LUt

! State Key Laboratory of Severe Weather, Chinese Academy of Meteorological Sciences,
Beijing, China

? Institute of Atmospheric Sciences, Fudan University, Shanghai, China

®CAS Center for Excellence in Tibetan Plateau Earth Sciences, Beijing, China

ABSTRACT

In the present study, the relationship between the atmospheric quasi-biweekly oscillation
(QBWO) and Tibetan Plateau vortices (TPVs) moving off the Tibetan Plateau was investigated
based on the radiosonde and reanalysis data. It is found that the number of TPVs moving off the
Tibetan Plateau (moving-off TPVs) has the distinct feature of the 10-20-day QBWO. 77% of the
moving-off TPVs occur in the positive phases of the 10-20-day filtered 500 hPa vorticity over
eastern Tibetan Plateau. Besides, distributions of the zonal and meridional components of
E-vectors coincide well with the trajectories of TPVs, indicating the moving-off TPVs are well

related with the propagation of the QBWO energy.

The atmospheric circulations and related thermodynamic fields are discussed to reveal the
mechanism of the effect of 10-20-day QBWO on the moving-off TPVs. It is found that the
atmospheric circulations and heating fields of 10-20-day QBWO have major impact on the
moving-off TPVs. In positive QBWO phases, at 500 hPa over eastern Tibetan Plateau, there
appear negative geopotential height anomalies and anomalous cyclonic wind shear; the anomalous
jet stream and positive geopotential heights at 200 hPa lying over the northeast of the Tibetan
Plateau stretch eastward gradually, benefiting for the upper level divergence and ascending motion.
The condensation latent heat is released and shifts eastward with the heating centers located at 400
hPa, which depresses the isobaric surface at 500 hPa. All these conditions are in favor of the

maintenance and eastward movement of TPVs in the positive QBWO phases.
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Interdecadal Connections between the Surface Temperature over
the Arctic and the Summer Monsoon Precipitation over China

Yuefeng Li

China Meteorological Administration Training Center, WMO Regional Training Center,
Beijing 100081, China

After the end of the 1970s, there has been a tendency for enhanced summer precipitation over South
China and the Yangtze River valley (YRV) and drought over north China and northeastern China.
Coincidentally, Arctic ice concentration has decreased since the late 1970s, with a larger reduction in
summer than spring. However, the Arctic warming is more significant in spring than summer, suggesting
that spring Arctic conditions could be more important in their remote impacts. This study investigates the
potential impacts of the Arctic on summer monsoon precipitation in China. The leading spatial patterns and
time coefficients of the unfiltered and interdecadal precipitation (1960-2008) modes were analyzed and
compared using empirical orthogonal function (EOF) analysis, which shows that the first three EOFs can
capture the principal precipitation patterns (northern, central, and southern patterns) over eastern China.
Regression of the Arctic spring and summer temperature onto the time coefficients of the leading
interdecadal precipitation modes shows that interdecadal summer precipitation in China is related to the
Arctic spring warming but that the relationship with Arctic summer temperature is weak. This suggests
important relationships between the Arctic spring temperature and summer precipitation over China at the
interdecadal time scale.

In order to further explore the influence of the Arctic temperature on summer monsoon precipitation
in China, Six of the Coupled Model Intercomparison Project phase 5 (CMIP5) historical simulations
including models from the Canadian Centre for Climate Modeling and Analysis (CCCma), the Beijing
Climate Center, the Max Planck Institute for Meteorology, the Meteorological Research Institute, the Met
Office Hadley Centre, and NCAR are used. The NCEP-NCAR reanalysis and observed precipitation are
also used for comparison. Among the six CMIP5 simulations, only CCCma can approximately simulate the
enhancement of interdecadal summer precipitation over the YRV in 1990-2005 relative to 1960-75; the
various relationships between the summer precipitation and surface temperature (Ts), 850-hPa winds, and
500-hPa height field (H500); and the relationships between Ts and H500 determined using regression,
correlation, and singular value decomposition (SVD) analyses. It is found that CCCma can reasonably
simulate the interdecadal surface warming over the boreal mid- to high latitudes in winter, spring, and
summer. The summer Baikal blocking anomaly is postulated to be the bridge that links the winter and
spring surface warming over the mid-to high latitude and Arctic with the enhancement of summer
monsoon precipitation over the YRV. Models that missed some or all of these relationships found in
CCCma and the reanalysis failed to simulate the interdecadal enhancement of precipitation over the YRV.
It points to the importance of Arctic and mid-to high-latitude processes on the interdecadal variability of
the East Asian summer monsoon and the challenge for global climate models to correctly simulate the
linkages. And the above studies confirm that the Arctic temperature in winter and spring is an important
predictor of summer monsoon precipitation in China on the interdecadal time scale.
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Diversity of EI Nifo Events and Its Impact on East Asian Summer
Monsoon Precipitation

YUAN Shuai'? XU Jian-jun*? Pan Yu-shan'?

(1.College of Oceanography and Meteorology, Guang Dong Ocean University, Zhanjiang 524088,
China;2.South China Sea Institute of Marine Meteorology,Guang Dong Ocean University,
Zhanjiang 524088, China)

Abstract: In this paper, three strong EI Nifb events (1982-1983, 1997-1998, and 2015-2016) were
selected from nearly four decades (1979-2017). Firstly, SST anomaly data were used to analyze
the strong El Nifb event. Based on the diversity characteristics, the summer precipitation
anomalies between the three strong El Nifb events and the following year were then used to
discuss the differences in the responses of the East Asian summer monsoon precipitation to the El
NifD event diversity. Studies have shown that even with the strong ElI Nifb event, due to the
diversity of the characteristics, the response field of the East Asian summer monsoon precipitation
shows a great deal of difference. On this basis, the possible mechanisms of the relationship
between the two are discussed from the anomaly of the circulation, the anomaly of the 850 hPa

wind field and the change of the subtropical high.

KEYWORDS:EI Nifp diversity; East Asian summer monsoon precipitation; Mechanism
discussion
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On the emergence of anthropogenic signal in extreme

precipitation change over China

Zhihong Jiang®, Wei Li?, Xuebin Zhang®, and Laurent Li*

1. Joint International Research Laboratory of Climate and Environment Change, Collaborative Innovation Center on Forecast and
Evaluation of Meteorological Disaster, Nanjing University of Information Science and Technology, Nanjing, China

2. Key Laboratory of Meteorological Disaster of Ministry of Education, Collaborative Innovation Center on Forecast and
Evaluation of Meteorological Disaster, Nanjing University of Information Science and Technology, Nanjing, China

3. Climate Research Division, Environment and Climate Change Canada, Toronto, Ontario M3H 5T4, Canada

4 Laboratoire de Mé&érologie Dynamique, CNRS, Sorbonne Universit& Ecole Normale Supé&ieure, Ecole Polytechnique, Paris,
France

Abstract: The detection of anthropogenic influences on climate extremes at regional scale is
not only important for the development of national climate change policy, but also the hot
topic and grand challenge in regional climate change research. We use non-stationary GEV
based on r-largest events to estimate the extreme precipitation change due to anthropogenic
influence in each station or grid cell. Field significance resampling-based test was used to
determine whether the anthropogenic influence is significant in the overall region. Global
climate simulations from CMIP5 under the RCP8.5 scenario are used to examine the time at
which an anthropogenic influence becomes detectable in extreme precipitation over China
and the change in probability of extreme precipitation with certain magnitudes when the
changes are detectable. Results shown that anthropogenic influence is not significantly
detected over China in the observational record or simulations from 1961 to 2012 based on
the test of field significance. Simulations indicate that such change would become detectable
in the future by around 2035 under RCP8.5 scenario. Large changes would already manifest
by the time of signal detection; for example, extreme precipitation events that occur on
average once every 20, 50 and 100 years in current (1986-2005) climate would reduce to
about 15, 34, and 63 years on average by the time of detection around 2035.

Key Words: Anthropogenic signal, Extreme precipitaiton, Field significance test, China

46



i 61 FH R R ATHFIE S 7% R AENRE T

ZERERE T R
1 AR L TRER SRR 2 B, AR, 610225
2 PUIAEAZ MRS L, B, 610072
i
TESR R AE PU R A0 22 ) 25— A Fa 8 Tswy OFEAD |, Sevt T 1954-2014
IR (5-10 ) PR A A A bR, R0 M 70U G
SH R RO AR AE . G5 R, 19542014 4F 0] VG MR AR 38 & 2B A8 N
43 K, HAMHEEAR LPENIR, ZPEFEP L6 Hik%, 8 b, ZREDNN
1954, 1955, 1956, 1963, 1964, 1997, 1998, 2005, 2007 F1 2009 4F; bk 4E
43904 1960, 1961, 1962, 1972, 1974, 1975, 1981, 1982, 1988 Al 2014 4,
5D s B S F AR B A N R R o PR R 2 A, 02 7 1 R A i
B DRI v R L ELAR & 2 i, AUREMED AR IR, AR = XA o
FHONE EA S ERIE R ORE X, AR TP RARR ARG R BN 42 505
DK IR, AR T B A . v R I D A, AIRER 2R RS
B IX Ry e AC AR, H BRSSP B R R A, I RO
ANEANARES, AR T TR RR AN BoR BT B 2= KUK S 9059
INANHIF B R A DL, BRI RTINAE F AL, 04 X0y BAS R AR ity >k (7K
VA 28 S A 5 ) DY R A A A B R
BRI VYRR AU, PR KRR SR

47



1961-2017 £F A L5 2 JAR b I H K /K 1R R X 35K
W FHR IR AREL S 9 B AR AR RRAL

BB, Bhtum vt BEER T, ZagE b
(1. P EA SR S EARFIES G, HriE B8 AT 830002; 2. Wl KSFMEWFFT AL,
B SEORSE 830002)

W B

) H R MK 2R e R R A 2 R T SR AR R 1 3 AN %k 1961 4F 1 A 1
HZ 2017 4E 12 B 31 HPZE Hig a0, 07 T i BB E IR b o i K 2R DX i
W R B . ARPE TR I RS G R AL 17, WO HE R, B T X AR 3
il (RS R s TR R, A AT T X P % 3 VKD R i TR R A A A A N i FEE 1 A
ARAHFAIE . oMl FR I

1961—2017 4, EATFEE/RT MIRZZEEFR A5 0 LT 489, 534 Fil 528 K#K
ST RE, SEIREEA A 8. 64 9.4 1 9.3 IR AR SR T 0 B I — IR b i
FHE R ILAE 2008 4F 2 H 20—21 H, MR HIIAE 1971 4F 3 H 9—16 H, 5
PA IR 1976 4E 4 F 18—20 H 384T FE /R T 489 YA st THim ik A5 42 H #oF- 14 3. 56d,
Frelz 3d 22, o 24. T%, WEORAUER 534 b T B dr 4t H 8114 3. 13d, 54
2d 5%, 5 27. 5%, 514 528 ik THE I R R4 H BT 14 3. 21d, Fr4E 3d %,
21, 6%.

1961—2017 4, EATE/R TR TR EEERE 4 H—7 H, 7T B&Z,
IE17.0%, 10 Hieb, A0 0. 5%, /R Z4F AR v il il FE = £ 82vp /e 3 H—6 H,
5 A%, £12.6%, 10 A&, 104 3. 9%, 48 A TR iR 24 7E 12 H
—5 H, 1 A®&Z, & 12.7% 9 HiEb, 05 3. 2% 57 43K, WHKIR & IR A 2
IRF S IR IR IR R 0 P S A ity THR I R e AR BB AN (5 I 2 M s, B8R
439 J: 0.57 0.22 F1 0. 18 ¥k/10a ', WAL LISKIEA [ AbF 2 W3, BEAAH:
20 DL RAF s [R) AR A TR RS I el

1961—2017 4, B84 FE /R 5 A6 B M o R SR A s B AE 422 (5. 41.5. 21)
Wik, FEHW, BHERTAEKE (4.61) 555, INAEAEZE (4.40) 5.
IR A A S T R 2 B i S AR 2 (5. 26) e, XZHIR, B2 (4.87) #59.
43 CAAE N BT At L FE IR P S B B . AR N St 1 IR it Tl el FE PR 255 5 i
B g Eam e bR, 57 4ok, AT PE/R T HIAFESEA g A 2 W (P s 3, 7yl it
7 0.01 A10.05 15 FEALSG s W/RAVRFFELRA oS fa B A B a3, S5 2
T RS

PLAE N BT Wity T I R T 38 S 5 it S A AR B BE TR A, 384T E R T 55 R Ay
7E L2l 60 2] 90 AEACH o R RE (P AR X 859, BEN 21 el Dok, g R
W, AL B 70 A TR FE A SR B I B AW, 80 SEACLLK, KRR
BRI SRR, T T SRS ES .

MK IR a5t 3 i A M ity R R AR R AE AN e 30, K T B B (245
), RN ZESR, BRI,

R A LR s B R SRR KR A R

HETH: EE ARSI (U1503181) ¥
EZ A BB, FEMFSEELR. T, XIS AR5 . E-mail:mao6991@vip.sina.com

48



7Y &4 P58 i X AR v P 7K 28R RE AR AL R FLJH R

EE S A
(1 EZAE D, 2 EAGR RO %)

i

ENIESEEZ0ISSSER 4 gl = 1S MR EPRPNE IR 8 v e A i)
THEEHRAT A R, U PR 45 SRR IA 2 b 45 A5 B, R0/ I RUBE b B /K AR
ARV RIS SEAT Bk o H 3 S DL AR s e 7K R £ 7 e R S 1), AR
SHEVEAL CMIPS A 717 A THE A 1 1 I AR 3t Bk 7Kk 22 [ A DA S AR A, XA IR
BRI RIS 55 VA DRI — 52 R S0 o Dy 7 e IF S ORS00 B i o 7 k22 1)
[N T¥) 7 5 Y R L PR BR A, WMO IB64 CC1/ CLIVAR/ JCOMM <A A% Ak Kl RN 4 A0 A
B4 (ETCCDI) Ak [ MEH 55 1 AR 27 S [ ) 17— R S 9 00 00 s i
Bo¥dhd: (LURTRR ADEXD, 55 HadEX2 AL, 3XANULINAE 42 HAT 5K 251
G, TP T A ST PN AR i AT R SE VR B o AU AL ADEX
75 N VLI EScH SR CMIPS A5 AT LU, AR IAE WL 5 Hh o5 5 7 o v
Kot BRARE NV 53 7AW vty A A AT T B S o B AR 2 S 5 AR [) ) U U A a5
AL SR ARG P 7 120 5% AER I B0 ) 7 i B vl e W S T 22 S 10 T
PIZ. 7ext ADEX Bl A it A kil b, R B R Fir S0t W DX dakrh 246 FE DY A
He ity 088 P A AK PR BGHEAT T AN DR A0 HT o 5 SRR 0, N3N B0 {5 5 AT LAZEE
245 8 DX 3 DU A BB ot P A K R B b B RS HR R, T AR SO AN R, IR A
DA AR AP Tt 243 EADGS /N 1) ROBE BB o B 7K A Ak (1 T 24

49



Bl TR RN L IR R B SR E VA
B, B
LB IRACGR & AR TR0, Bl A 830002
2. s IERE BB A& ST TR, BT 1 5 A 830056

BB W h T RIX, HUEE Y, ARSTMEENES, 2k
ARSI BUR XTI EE A X o B 2B S BUKIE L R IE, HraE =
R A RS, G TAHCEF W2 . 210 thady), i X L4 g
JbF B XA BB AR AR, o R X P GRraRD iR, 21 A
DK, o sk A i AR, SRR IR AR ST v B4R R ik a3,
B 7K i A I A A, XA I A AR AR RIK B Y e AR T
THYM . AT R TR AR R, SR AT PR g AR S R B 1
SN, KL BT IO X BT AL ST RS R AV E S A R R E L,

FEF 2%k T SR AN 2 I RN F SPELT-S245%0,  WF9Y 78 SPEI T 4550/
)RR, I M EAE . KAy KL NDVI R4
2 JREMAE TR g sz, WFRdait: 2 54 450K (1961-20154F) , #r
LSRRI WY (B AE, {5 1997 4R R BEEREIRTE, ZEA . Bk
I IEIAIRGE, T T0%LL Xk R IR A EA b, TR
FLERAEAH RS ARSI R WL X, AR R PG GO VY R (KR
JFO AR BB IE . WA R R (PET) MK B T AR Ak ) 35 5
HE, BUEHE T RN AT W 22 5, TRXAERTRK, ElEK
THH SN E DT, PET AT 500 5 W 5 52 . SPEL T S48 1 AN 7] i
AR JE ARG AR T FKA, 3 AR N E SPEICRAZL T, 6 H
F112 AIHE R SPEIACERAS T RAKSC T 5. i X 30 7E 90 44K
TR I 2 20 R B, SFI0D T 42.2%;  Hiwk NDVIAE 1997 45K AR 2
B, NPP HfE 21 LGkl . KSR I % AR A )3 5 i & 4%,
FEZ D OKE RO AN S EE 1 RS2, an AT R L KT SPET 224k
7 IEMRN, AHS R IET B A MmO R

XEiE: B RS 2RE; b

TEE I Wetinm, WL, BRSNS KA

50



SRR GRS BEXT P B DX 3aAR o AR A A X T R
L TLEL, FR KR, AR

L. RBKEHGEWELLRE, AR RKFIIRE 5GP RGO, mMaER TR
%, MR, 210044

2. INERMESMERNT, 2102, INEKR, M3H5T4

3. VEHEBMHPLOB AR E, B, EE

W E

AT NS RARARA AR e K A BRI IR I 2° €, FFHBS )
IR 1.5° C M HAbR. ASCHET CMIPS LRSS R, WFFT T M A BRI
1.5° C LFHEI2° CI, v R DRIt Jo 0 A i SRR (R AR Ak, 428K
WY, ARSNGB A A My do il (TXoo) AR B AIGHR (TNnD 7EPEL, PH R Al
TR SRR 1° Cs o R DT 38 R B B K R R N 249 0 4%, IF HAS
) S BB i o 7K i 32 A 2 AN K o (L B i 3 1 PG ) 2 A RN i A )
O, BRI Gl I SR, BRI RSO S Ui B
100 43 f ki i FF, A2 1.5° C I 2° C FRAR 7 HIFEE A 15 R
11 4. IS 100 45— i@ Rk BEK FAEAE 1.5° C Al 2° CAU T, U Sl BEAIS
262 FF 1B A2 FF 38 o Wil BRI i o 7o R RS ) 22 4k 55 RCP HRTCS
KRB RHAHER 157 CAI2° C MRURAERIBR M MK E; onips;

51



HET P _E K B P B R SRR AR M R R
FEBE R

TOME ) VRLOHES, XIS, T B, RBTA
(1 BRI D, AL 230081: 2.2 A KRR 5 IR B A0 %, A 230031
3EF AL, LB 1000815 4 KA L, R 401147)

W R AL e b g T, SRR ARG BLATHT SR B R,
S MY RS IREINESI X, 2 A UK X o oA T 78 70 DA o F 3
X SAEARAL SR R B A 52, AHFSTALERT SWAT (Soil-Water—Assessment—Tool)
BEAT S AR L, RITIHE T3 SR SR SR 1971 —1990 4FAT 1991 —
2014 F I ARG E s 5 SWAT BB REAT T AT g MG UE, 45 2R, SWAT
Re 8 B ) PR H ROBEE BRI B2 o YT B R AR R e AR A i 3 AN B
T i o [ =82 T S G 7 N ) A LS L 25 AN S O X R e
Ko MIFIKEPHTEEZORE , 28NS e 0 K S ormk s Ko o0
KW, PRI BKE Mg s A e K OCE R AR R R 1. iR
NNBEIZE M, 3T 44a R B COK 988 f B b, X Reae-r 38
TR R KRS > AR SR AETERIN A R

M REE R LR TR (Coupled Model Intercomparison Project Phase 5,
CMIP5) 1 5 MBI (Global Climate Models, GCMs) HiI 3 Fi it Yk i
#1% (Representative Concentration Pathways, RCPs) {E-4EkIgE 1.5°CHI
2. 0°C MITAL &5 R, TAl T AR Z X AR s, I AL T il 45 R
AN ETE . ERERIGE 1. 5°CHT 2. 0°C T, Edrh By af 125 < 7 ) B AR U
9 (1986—2005 4E) M4 1. 1°CHI 1. 7°Cs AERE/K A SEMEII 3 FIAR R 3 0 4%
M1 T%; T SWAT R TG A4S I F B BEHE SU] 70 il 3600 5% A0 8%, Ak ARAL
WA SRR S ATRE, AR ST R IR (6—9 HD. Fifh
) H F KRR, JEI RIS IA R 2. 0°C 5, H It s i XU B i 1
Ko ARKBE KB AR TS HR AR BOR BAN P, AN g 1 32 RIS T GCls,
FEARBRIGUR 2. 0°C 1 TN FRIANA E 1 B K o ANBIF TR AT Ry 3Ein] o by /K B0 A

LI H - [F K A VI H 9 %5 2016YFE0102400); H {4 Ja Uk &6 L 1 (CCSF201832,
CCSF201810), [Foundaton items: National Key R&D Program of China, No0.2016YFE0102400; Climatic
Change Research Item of the China Meteorological Administration, No.CCSF201832 and No. CCSF201810.]

B—EERMN: T (19785, B, wHEEA, wil, &1L, FEANFSMEESSEBLT.
E-mail:ws7810@163.com

52


mailto:ws7810@163.com

BRMURH O BUR ) 1 2 S P BOR SH¥

35°N
S { 'S
34N .
3

E %1 /m
32°N 1 K KScuk
o WATCHH s

— i
31° :
w2z — T P
. i 0 50 100 200 [ ki o 56700 200"
112‘l’E 114‘I’E 116‘I’E 118"’E
K1 BRI AU E i i A S SRS K ST A B

(a) — ok seems BN g (1%300 —EKE ----BREEER — LR o
B AT T R AR AR
8000 100 2000 100
7000 200 7000 200

300

Ff AR (am)
FEH (m3fs)

B (w/s)

400

A (mm)

500

e

B2 FEW () REAEY (b) RFWA PR EBHIME S S EX E

0O GFDL © HaDGem A IPSL
(o] 5 .0 ¢ :
XMIROC  + NorESM RCP4.5 A RCP6.0 ¢ RCP8.5
20
[+
MME GCMs RCPs
s 16 r ©
e
e
/\h 12
o " 0
o )
= |
al + <&
(]
0
X
4
1.5°C 20%C 5 2.0°C 1:5°C 2.0°C

K3 Ak 1.59C M 2T F 54 GCMs 1 3 Fft RCPs Tifdi Ik EeERi A8k 140 % (CEEuEL].
1986-2005)

53
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ABSTRACT
Previous observational analyses show that the land-surface diurnal temperature range (DTR) has

decreased in the past six decades worldwide. Based on a newly developed China Meteorological
Administration—Land Surface Air Temperature (CMA-LSAT) dataset, we analyzed the DTR changes
between 1901 and 2014. Results indicate that the global land surface DTR significantly decreased at a rate
of —0.036<C decade ™ over the 1901-2014 period, mainly due to the large decrease in DTR from 1951 to
2014. For the first half of the 20th century, most grid boxes (spatial resolution 56 show a positive DTR
trend, with the positive trends of 32.4% grid boxes being statistically significant, leading to a large and
significant increase of 0.048<C decade " in DTR. However, a dramatic reversal in DTR change occurred in
early 1950s, with most parts of global lands exhibiting a shift from increasing to decreasing trends. The
global land average DTR decrease during 1951-2014 was —0.054<C decade !, with 45.0% grid boxes
showing significant negative trends. The reverse phenomenon is more obvious in the Northern Hemisphere
than that in the Southern Hemisphere. For the periods 1979-2014 and 1998-2014, the decreasing trends in
DTR mainly occur in the Northern Hemisphere. The DTR in the Southern Hemisphere experienced larger
increases during the two recent periods than during the period 1901-2014. Asia, Eastern North America,
and Australia exhibited widespread decreases in DTR, although the trend pattern for global DTR is
generally mixed during 1979-2014 and 1998-2014. There is a good negative correlation between DTR and
precipitation in the Northern Hemisphere from 1901 to 2014, with a correlation coefficient of —0.61. The
change in precipitation and number of volcanic eruptions, and the “early brightening” of Europe
(Stockholm) all benefit the increase of DTR at global and regional scales in the first half of the 20th

century.

Key words: DTR, Trends, Maximum temperature, Minimum temperature, Global lands
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On the basis of the daily air surface temperature data of 86 meteorological observation
stations in Guangdong province from 1951to 2015, the spatial and temporal characteristics of
winter temperature are analyzed. The mean air temperature in Winter declines obviously in last 10
years although it rises about 0.13°C/10a in the past 65 years. The result indicates that the number
of cold winter years almost triples the number of cold winter years after cold winter and warm
winter are defined in this study ,and 4 years of cold winter are observated in last 10 years. There
are three reasons resulted in 4 cold winters years in last 10years.First, the Siberian High which
brings mass severe cold air striking China is strengthened in past 15yeas because of the Pacific
Decadal Oscillation (PDO) transformed from positive phase into negative phase around 2000 in
the north Pacific Ocean while PDO is positively correlated to the winter temperature of
Guangdong on the interdecadal timescale. Second, the aggregate impact of 55 stations moved
from former location in the past 15years could be another important reason why cold winters
appeared so frequently for the past decade for compared observation in Shaoguan, Guangzhou,
Shenzhen and Zhanjiang shows that average anomaly of mean winter temperature of the 4 stations
is declined 0.9°C.Third, the result of new standard climatological normals(1981-2000) of 86
stations minus the old one(1971-2000) is 0.3°C while its spatial characteristics indicates that

temperature rising in the Pearl River Delta and the east Guangdong is notable, the higher new
normal makes cold winter appearance easier.

56



B TR RIZRACEFAE AT

[ AREE " 0, ATk, RER

Codb s SRS, BRI, 430205, “TLHESERENISET, MR, 210009
3 A G AR T AR, A, 210009)

FEL. AR 1951~2017 FECICTTIRIX & 1960~2017 fFiN T e X . ITE XS L%k, RH#
POMMTIE . ZEBZTE. M-K 35, 00T T RTTIRE AR FFr. HBRAR LI & 58 ARy
fE, g, EpOTTIX S R R F A7 AN R AR L R A R A AR AE . TR, IR
ZHPE LA, MXIRE N DR, RNTIRX 28T W TFBAE, Wi g
JE RSB EZ RN N, 302010 FELUOREEX LSRR S B2 . Hoh, JEEk,
X ATH RN AR I, IR LR T BRI RS 41

1 REHFIE AT

RN, sCOCTT R S AR R B, R “ 227 AR LRI AZ b
Frfik, 20 tHzd 90 4EARE] 21 fH2 00 AR Z IIRFS: T 20 4F, 2010 FH 04 £ Ziadh.
PR RBER I “D-2 /b7 [ARARHIE, 2001 LR —HAL T/ 558 s . LRSS
HER D, RS HEHE 0~14 2], FIRAEANIT L, (H 2011 SR DUORIR % H Ay b
EHe T, 2010 FELIR,  sUBUHTIRIX L5 SRR 25 R B AR (AL 3

L TLE PR

30 ¢ - 16
~ - 14

25 ,_
H520 2t
i - 10
ﬁlS- -8§
@10__/_— ) , l :i@
%\(5' —— ‘ _2§
ﬁ.ﬁ TTTTTTTITTI T T I T I I T T I T T I T I I T T I T I I T I I I T I T I T T T I T T I T T I T I T T I T I I T I T I ITTTT 0 ﬂ'E(

SN O MmN AN MmN SN MmN o
MINMNMOOKNRKNNOW®OGWOODNON OO o o ,
DN HDHIDADANNDNNNANANO OO O i

A A A A A A A A AN NN
gy -

K1 1951-2017 fE O X v 35 H AR R AR 4k
ST ZRUM LA PO IX. 1960-2017 £ERE WL LGSR, Xk % H Bfli AR bk R K= A il

AT T, W 2 Fios. ATLLE L, QB S5 AR R B A RV RRAE s s T X A
2009 SE M B, Sy ik shi /DA B 2 B, 1960-2008 E ik s/ b By, 2009-2017 4

HEEH: LB ESR2EFR b im0 H (BJ6201603). Wb H S % ARG A EH (2018Y09)
i

NEFEWZ B HATE T 2R SRR S RBL “ ol >-38 hn-0di b7 H54E, 1999 4

57



LIk, —BEAT ARG TR DIRE R 9/ b-H7 In-pd -8 n - 1A 8 A2 ek
ik, AEE A BBl

JE— e
ILE — M (VLK)
2 2
0 1
\—I| _4 r '1 ~
=~ 2 W
~ 6 W
W -3 =
X -8 4 7
" 10 0.0377x - 2.6774 5 &
12 y=-U. X-2. 6 ﬂ'HK
_14 TTTTTITTTT T I I T I T T I I T T T I T I I T I T T I T T I I T I T T I T I I T I I I I T I I I IoIroTT _7
O 1n O n O Nn O Nn O In o uwu
O O N IN 00 00 O OO0 O © «+H
a OO O O OO O O OO O O O o
— — — — — — — — o [qV] o [qV]

Bl 2 iU X 5 H BOBE L R BRI 22

2 /NG RTR

(1) o], RPORX S IRNAT “D>-2-0-27 R RWIRHAE,  H T
20 4 90 AFARE 21 #Hh40 00 FEARIKI D S 3G A 2 A XA IR RS 2 G, A7 A D

(2) KRS IRZ HIAE 12 AF 1 H, &FRE AN 49%, LI KT,
HAFMRDATRE ML ARy, ORIk % I 2% LL 2009 424 5, 704
WAk D FIPEIE 2 A BL. 2P IR 3380 2010 4 DRI IX ik 5 PO £

(3) 2009 BTG G REAT TITuh, BobiEsiL, WK, L=y, @5y
WERS /D, AT TR R B AKVRIRES S, BRI, BT I vk S AL 2 £

(4) W R B NG S S B0k 2B« VR RS 1) I, V5 ik B B
m, i, SRS RS

(5) BEARMGED, A8 LSO f A L5 LI ST 42 24 /NSRRI BT E 2 i, 555
AL SN B AP G ORI G I AR I AR R ) A I R 2 b ) A 114 2 1 i o 7 il 7 o
MARRE ML EEEL S, TEAT AT R o

(6) JLAEAR, LR IX AR/, W EESE K, 3 IX vk 55 18 22 44 T AT R g 464

(7) BRI W B 23, BURF . ACHE . FROR TAESEAHOCHE T ) AR AT OC
M, PRGN ACI . FREE B N AR S 1 5

58



IR 1.5 BN 2 BRI ESEN KRR T

B, PNEI S, R R
1. PESZREE RSB, SAEMFR IR, b5, 100812,
2. INERIREE 5 mA A as, 2462, gk, M3H 5T4

WE TRk TR (OMIPS) g5, PG T 4askin
i AR AR AEAS LTI, E 2R 1.5 CH 2 CHl I e N AiE . 22
W AE S5 R, RCP2. 6. RCP4. 5. RCP6. 0 F1 RCPS. 5 5t K, 4Bk
AT TMPAL A FHEL 1.5 C RIS A HIAE 2036 4F . 2028 4F . 2033 4F A1 2025
4, THE 2 CHRINIAIZE G =AM 5ok 2049 4F. 2056 4RI 2039 4, 1fif RCP2. 6
T 5eAE 2100 SERTEATIAR] 2 CilAt OXEA LA GREG T LUAE]D ., 4
BRP B8 U B TE A R T (%) I 1) 3 5 A [ HE RO A2 b 38 21 0 4 5 it AR i
WA 5. ANEIGHIES] 1.5 C (2 C) T AFE SRR CO, 24 Bk A A
M, 2k 2.973.0 W/m' (3.773.9 w/m') LA 450.67454. 1 ppm (523.07539. 1
ppm). [k, FETAFLIE HEBEE IR B TR B IR ], 1.5 °C
T B AR SEBLA] B8 FF EEF R SR AR AR AL A o IR AU B A Fa bR A
A 0] 22 S B AT e W, —RBEITO o WA A i 2 vy (B ) AR 238 1.5 °C
A2 CHRTHIIIS TR AL, sy VARG (v RS S PRy s TR) e, H A
PRIt 7] 6 52 i 1 TA AN 8 IR T IR IS A) o B8F— 2250 2 R A5 11 7 1] 73 AT A
FaN, (EIR B [E— @ THE R, ASEE S IKS) N KRR AR K AR A 1) 73 A Bk
AAAFAEZE S, ULRHAEAERAN X IR b, ASRRH B3 7K (1) i 3 AR i A s A HE TS
S S GET 2100 FRARSS R FEATE G, HIEXS RCP8. 5 %5t Ml
0.5 CHBIEE MR, BEEHSCR RS s (3G, AR KA
S R R A R AR O TR il SR O TR L YR R K 2 . T
SR HE 5 R K k> 8 AR AR AR R I R AR . AR I 0.5 °C X ek Y
RFAESEARNATAE 2557 IX UL, 7R A BRANXC Ik ]ORE I, T AR Ak LA 2 2R P
RgERE 1.5 °C 2 C I S FEK CMIPS gk

59



I 40 FREE KN H BRI R EARE RO

Files  ZEIE%
CIERYE R 2 M B R 22230, IROBGH U S0k 5 N 2 B T B, MR fE S YR AR A
R K E N s %, JERTT, 100875)

wmE

FIH 1979-2017 AEA-4F (11 H 2KAFE 3 D Myl & 35 1) H 34 XUg N ERA-
Interim FEATHERE, ST T R0 BEAZ O X AP AR R KUK I AR A RRAE S HL BRI
T 5e. LERFIT DO T Bl BB A 5 ANHi i S CIERSS S R,
MR Do 5 XATH S 90% 1 7347 ) H AP XGE (3.4m/s) KR, 5 ANk g A
KT 3 AN AUE B HbRHE E S — XA H o A TORH BT 588
AR, GEvtk R H DAL XA =, i NNW E#IE K (29 25%). i
39 AE R B S 2 R Rk %h,  BL-0.9d/10yr Hs /b, 4% T 0.001
BERCF . BRI, KR SR B 2 A PR REAR R 5h, ThaR it oy
TR WIAERR BN LA 3-4 fE e A HE I W 32, AEARBRI Bl LA 14-15 4 A A R J 40
I SRR NVAS (NG 2N 1 T R = WA /G| E A | N A e el W | o 1 S 2 B
NUUKIRIE RIR A RN, bRkt 2 o2 SR I S R I K U
A4k, 500hPa A7 # e BEIATE RO KBt B VG 1) AR R BLHAR, s IR, JL
by 7R UL DX S AN A S FE I AR VO T, R R S s T AL v b X ) 5
PLrg AL i AR, S5 VG RV A DGR AR AR, THE AR O X K
JACH AR 78 K TR AE DCHL A [RTTAR G, — 3 2 2 I IEAR ¢ NG 5% 0.31,
p<0.1).

60



B — IRV AR e E Yl R Kot
e v AR RO KA
(LT R BE AR R 5 b, DU Bl 6100725 28R (5 I8 TR R 2 KA RHE 2 Bt i JER R S IR 82D
JABTE S, PN S#H 610225)

e

KAWRE), 2 KA RAE R T SRR SRR . BB, KA
RIORA) & BT, RS R IR B8 SRR I 23 T A 575 B, AEAN [F] b sl RO
R ARV RGN . YR BAE R K XU TR b B Wi L Ak mlihk
e B A T B U b DT A ) O AR I S T v AR A I G
(1) F BRI L —, W NSRS A3 B P E5 . DU X 2 IR AR 20
MRS R, HBTRR G4, WA Rt 5677 2 Bk A
WA e Mie SURTHUKAEOETRIA (EV-LIDAR), &5 Hu I FORL T ik i |
KGN B G AR, % 2017 4F 4 A 17-19 H i — kb Ais Jead #2
HEAT 204, BRI DY N G v A S I IR D62 S BRIk R AR SR AT . AN SC Y
5 ][5 G AR A FE 0 (NOAA) T RBE Jot md 328 | 4 B A e o A FH A 25
GRS HYSPLIT-4, #HFURI: 16 11 0, #Aarb i< T B Hl b
Mmes (3000m LA B [ 2R EE 7 A 30 Hom fE 288 B %, AEE ANV i s 4
Erp, FRAE ) p A A R DU ) = A, 17 HAE S ER R b2 E
BB B AT X, I TR S A S Ui . ARV R R, RS TR
DLEEJE AR 5-20 km, RN TER SR AL — R VURIRALS), TG ERBORR fi L
A3 h 0.13-0. 63 km ' A1 0. 08-0. 11, PM,s/PMy HUAl A 0. 44-0. 61, FEAFEA
AREILEE L PMo v FE Y2 35 R G o B (i U2 PV 2R V5 Y RIS 50, il img
A b IR O LK T 0. 1 T AR 5290 20 520 o 18 G FR 55 A 1 RO A B 5
IR B AH DG, RS S WSR3k P 1) e AR AR A o 30 0 D 2 SR 4k ) B
ZHT DU AP A TR O A D s R gy BEYS G, Ty LAt
DX 52 B AN 5 22 8 v 70 REYS e o B LA T IR vb Ay Gad R TS RRE AR AT
b, RERTE A MR TS Gt FE U MR A2 RS Y RE FE W BN T b, T30 0%
FRETE TS 03 B AR T v A YR R R B, R B A6 07 Vb A B AN RN
&, Hyb Rk b AR g 0, s B 00 R], 3230 742 H B A AT T
75 R e S g R A AR, AR BTG e B 2= e R, Ui IR
TREEAIS .

SR P BOREIA: IDLREG BRI S RBUE: P,

61



=IRPE X FFER NS FBH T
AT, 2k 22
(1. HEMERERESRS R, I, 430074; 2. FEBEEGRSEIGEAAT, BB R SUEE R
Huty, b, 100029)

HERA R TE I SRS 5 o I R R R 3, o WK 2 TS 1
JE . FIFH =0k X 39 Nih 1960—2015 E#RZ=E H KM R, 4334 T
A PR T O R 8- 23 B W ) IS S A A R R R AR A . 855 R BT (1) AR bk
A, EBIR I RRAR . S R AR R R K B 2 IR G e R T 2 1 o0 A A
MIRFIR] 7, 7E30 56 a 2 A R I A2 A ATV« i R ORI A B K o 52 SR b e 9
1979 4F LRI AR B /K R W 10 00 LR 3B . (2) WMok, REELHT )
5~6d BRI RS . ERB LS S PR K B RISy, FEoK s AR
JEIX S0, FF LI (] 7 ~ 10 d f v I R ARR SN 1) 10 d BL_E I AR AT
SOREONS B K R sy, BRI AR R B E R, 78 2000 fE LS
R I, (3) AIEF I AR E K R S K S oTmk Ltk E, %
AR B oT keSS, T/ T 5d BYARER R 2 . (4) SN FIZRBE R S
P DX DA 1 DX 32 DL R o 32, T PAAB X 2 DL . A R Oy .
(5) 4B MY I AR A B K B ) AR AL T AR S R AR SR . (AR RTERT &
TEIEB MK e 175 52 R, 7ERL 10 a SREIGRILH — S e, 1ER N
I FRR AR SR EORLE B K B3 2 HARBRAR S0 K, R 5 7E = R P (X 1 A< 7
AR, N SOGHEPE X AR R B U . B TOR, T T SR SR I I I () T A (1 A
A LA H T R =0k P X3 BB IR, AR SCRLIN T 20 A~ CMIPS A BRAR A 4520
ST IZ I X TR RSB 0 . B DXIRIE AR K, E T 1 S B R A7 1
EARUE, Fo B RO =ik R X I Y AL BE B . A5 SRR, 2005 - 2099
F, BEEMRIR . RE FBKE LK 28 ZHA . FIR, 5
TUGE AR B B GE T 9 H) RAR P /K B 22, T2 W 3 1) Al e o4 7K B Pk 7K Y
D%, HAESHBOSAE T B R HRBOR AR T BRI DL BRI %
RS AT A L AR AL AR, 0 3K ok B2 ()3 0 DL AR ZRE I R LIS 2, 2
TN XLy 55 55 P XU, TR o = e AT A B Wit X ) 22 4B i

62



Land-use change and air pollution likely triggered

significant increase in heavy rainfall in China

Feng KONG

(Training Center, China Meteorological Administration, Beijing 100081, China)

Abstract

The increasing occurrence of extreme-precipitation events are attributed to a warming
climate, but cannot be fully explained by large-scale climate factors alone. Here we use daily
precipitation data from 659 meteorological stations in China, large scale climatic and
anthropogenic indices to identify major causes of, and quantify their contribution to, a marked
increase in the heavy rainfall from 1951 to 2010. Our analysis suggests that a total of 84.7-87.5%
of the variance in heavy rainfall indices could be explained by both large-scale climate phenomena,
and the local and regional anthropogenic activities, such as land-use and air pollution have the
strongest influence, explaining 58.5-65.5 percent of the variance. The spatial distribution of heavy
rainfall amount and days over time shows a significant and increasing correlation with the spatial
distributions of population density and annual low-visibility days. These results suggest that the
substantial increase in heavy rainfall across large parts of China during the past six decades is
likely triggered by local and regional anthropogenic factors. Our findings indicate that local
anthropogenic processes may shift the regional climate beyond through GHG emissions. The
physical mechanism of such statistically robust connection needs to be better understood and
reflected into the climate models (S12). With cities in China increasingly experiencing extreme
rainfall events28, compounded by the increasing extreme summer heat in the same region20, our
findings call for a careful reevaluation of the risks of extreme weather in formulating national
policies on urbanization, industrialization and environmental management, in China and elsewhere.
Rapidly growing and industrializing cities and nations will need to better control the air pollution,
and to anticipate and accommodate these regional climate consequences, if they are to reduce the
risk of flooding and waterlogging.

Keywords: land-use change, air pollution, trigger, heavy rainfall, China
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Regime Shift in the Destructiveness of Tropical Cyclones
over the Western North Pacific

Shifei Tu?, Feng Xu™?, and Jianjun Xu?
! South China Sea Institute of Marine Meteorology, Guangdong Ocean University, Zhanjiang, China

2College of Ocean and Meteorology, Guangdong Ocean University, Zhanjiang, China

Abstract

The characteristics of tropical cyclones (TCs) and their response to climate change is an issue of
broad concern. Based on the Power Dissipation Index (PDI) proposed by Emanuel in 2005, the
destructiveness of TCs in the typhoon season (July—October) during the period 1979-2016, over
the western North Pacific, is investigated. Results show that a regime shift in the destructive
potential of TCs took place around 1998. The destructive potential of TCs has a considerable
increasing trend from 1998 to 2016 (the P2 period), mainly contributed by the average intensity of
TCs (51.20% of PDI change). We find that the PDI of TCs is mainly regulated by the ENSO cycle
in whole study period; whereas, the PDO pattern shows significant enhancement in P2, which acts

as a more important constraint on the typhoon season PDI over the western North Pacific.

Keywords: tropical cyclones, power dissipation index, regime shift
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Study on ENSO Time-frequency Characteristics in Recent 50 Years and

Its Correlation with tropical cyclones in the South China Sea
JI Qiangian*?, XU Feng™?, Zhang yu®
(1. College of Oceanography and Meteorology, Guang Dong Ocean University, Zhanjiang 524088,
China;2. South China Sea Institute of Marine Meteorology, Guang Dong Ocean University, Zhanjiang
524088, China; 3. Climatic Center of Guangdong, Guangzhou 510640, China)

Abstract

This paper attempts to analyze the multitime-scale structural features of the characteristic values
of the ENSO events and the South China Sea typhoon activities and their correlations. The Japan
Meteorological Agency’s (JMA) 1967-2016 TC best path data set in the Pacific Northwest are
employed to count the monthly frequency of typhoon activities in the South China Sea during the past
50 years. At the same time, the Morlet wavelet transform and statistical methods are used to analyze the
time-frequency characteristics of ENSO events and the typhoon activities in the South China Sea. It is
shown that the ENSO cycle has a main period of 2-7a; South China Sea typhoon activities is the most
frequent in July-October, and its frequency time series has a quasi-2a scale cycle. In addition, the cross
wavelet transform and wavelet coherence analyzsis show that the correlation between the ENSO index
and the frequency of South China Sea typhoon activities was on multiple time scales. In 1970-1978 and
1995-2000, the ONI index and the South China Sea typhoon activities frequency had a good correlation
on the 2-6a cycle scale, and the changes of frequency in the South China Sea typhoon activities
preceded the ONI index by half a cycle. From 1980 to 1985, there was a good correlation between the
SOl index and the frequency of South China Sea typhoon activities on the scale of 1.5-3a, and the two
sequences changed simultaneously.
Key words: ENSO; Time - frequency characteristics; typhoon frequency; South China Sea
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Evidence for strong association of short-duration intense rainfall

with urbanization in Beijing urban area

PING YANG GUOYU REN PENGCHENG YAN

China Metrological Administration (CMA) Training Center, Beijing, China

ABSTRACT

Correlations of the Urban Heat Island Intensity (UHII) and key surface variables
with the Short-Duration Intense Rainfall (SDIR) events are examined for the Beijing
urban areas by applying hourly data of a high-density Automatic Weather Station
(AWS) network. Higher frequencies (amounts) of the SDIR events are found in or
near the central urban area, and most of the SDIR events begin to appear in late
evening and nighttime, but tend to end in late night and early morning. Correlations of
the UHII with the SDIR frequency (amount) are all highly significant for more than 3
hours ahead of the beginning of the SDIR events. Although the UHII at immediate
hours (<3h) before the SDIR occurrence is more indicative to the SDIR events, their
occurrence more depends on the magnitude of the UHII at earlier hours. The UHII
before the beginning of the SDIR events also shows the high-value centers in the
central urban area, which is generally consistent with the distribution of the SDIR
events. The spatial and temporal patterns of regional SDIR events exhibit similar
characteristics to the site-based SDIR events, and also show the good relationship
with the UHII in the urban areas. In addition to the UHII over the urban areas, surface
air temperature, surface air pressure, relative humidity and near-surface wind
directions at the Beijing Station experience large changes before and after the
beginning time of the regional SDIR events, and have potential to indicate the
occurrence of the SDIR events in the studied area.
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Urban Heat Island Effect and Its Contribution to Observed

Temperature Increase at Wuhan Station, Central China

JIA Wengian *, REN Guoyu *#*, SUONAN Kanzhuo !, ZHANG Panfeng *, WEN Kangmin !, REN Yongjian *
1. Department of Atmospheric Sciences, China University of Geosciences, Wuhan 430070
2. Laboratory for Climate Studies, China Meteorological Administration, National Climate Center, Beijing 100081
3. Wuhan Regional Climate Center, Wuhan 430074

Abstract

Based on an in-homogeneity adjusted dataset of the monthly mean temperature, minimum
and maximum temperature, this paper analyzes the temporal characteristics of Urban Heat Island
(UHI) intensity at Wuhan Station, and its impact on the long-term trend of surface air temperature
change recorded during 1961-2015 by using an urban-rural method. Results show that UHI effect
is obvious near Wuhan Station in the past 55 years, especially for minimum temperature. The
strongest UHI intensity occurs in summer and the weakest in winter. For the period 1961-2004,
UHI intensity undergoes a significant increase near the urban station, with the increase especially
large for the period 1988-2004, but a significant decrease is registered for the last 10 years, with
the decrease in minimum temperature more significant than that of maximum temperature. The
annual mean urban warming and its contribution to overall warming are 0.18°C/10yr and 48.8%
respectively for the period 1961-2015, with a more significant and larger urbanization effect seen
in Tmin than Tmax. A large proportion warming, about half of the overall increase in annual mean
temperature, as observed at the urban station, thus can be attributed to the rapid urbanization in the

past half a century.
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The effects of climate change on heating energy
consumption of office buildings in different climate
zones in China

Fanchao Meng", Mingcai Li™*, Jingfu Cao', Ji Li%, Mingming Xiong", Xiaomei Feng?, Guoyu
Ren®*

1. Tianjin Climate Center, Tianjin, 300074, China;

2. Institute of Building Environment and Energy Efficiency, China Academy of Building Research,
Beijing, 100013, China;

3. Laboratory for Climate Studies, National Climate Center, China Meteorological Administration,
Beijing, 100081, China;

4. China University of Geosciences, Wuhan, 43007, China

Abstract

Climate plays an important role in heating energy consumption owing to the direct
relationship between space heating and changes in meteorological conditions. To quantify the
impact, the TRNSYS model was used to simulate the heating loads of office buildings in Harbin,
Tianjin and Shanghai, representing the three major climate zones — severe cold, cold, and hot
summer & cold winter in China during 1961-2010. Stepwise multiple linear regression was
performed to test the key factors influencing energy consumption. The results showed that dry
bulb temperature (DBT) is the dominant climatic factor affecting building heating loads in all
three climate zones across China during the heating periods at different temporal scales (day,
month and year) (R*> 0.86). With the continuous warming climate in winter over the past 50
years, heating loads decreased by 14.2, 7.2 and 7.1 W/m? in Harbin, Tianjin and Shanghai,
respectively, indicating that the decrement is more apparent in severe cold climate zone. When the
DBT increases by 1 <C, the heating loads decreases by 253.1 W/m? in Harbin, 177.2 W/m? in
Tianjin and 126.4 W/m? in Shanghai. These results suggest that the heating energy consumption
can be well predicted by the regression models at different temporal scales in different climate
conditions owing to the high determination coefficients. In addition, a greater decrease in heating
energy consumption in northern severe cold and cold climate zones may be efficiently promote the
energy conservation in these areas with high energy consumption for heating. Particularly, the
likely future increase in temperatures should be considered in improving building energy

efficiency.
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Assessment on Climate Carrying Capacity in the Process of New
Urbanization: a Case Study in the Wan-jiang City Belt

LU Yan-yu"?2 TIAN Hong", SUN Wei®, WU Rong"?, WANG Sheng"?

1. Anhui Climate Center, Anhui Meteorological Administration, Hefei 230031, China
2. Anhui Key Laboratory of Atmospheric Science and Satellite Remote Sensing, Anhui Meteorological
Administration, Hefei 230031, China
3. Anhui Public Meteorological Service Center, Anhui Meteorological Administration, Hefei 230031, China

Abstract: According to the interaction between climate and human activities as well as the double
attributes of climate, a comprehensive framework and indices system of climatic carrying capacity
were established to support the new urbanization. In this framework, the factors concerning
climatic resource supplying, climatic disaster constraining, and urban coordinated development
were included and quantified by using various methods such as entropy weight, coupled
coordination model, and GIS technology. The comprehensive indices were then adopted in
Wan-jiang City Belt to analyze the spatial pattern and key factors of climate carrying capacity.
Results indicated that the spatial pattern of urbanization development was well matching the
climatic carrying capacity. The areas where have relative high climatic carrying capacity are also
dominated by high urbanization agglomeration. However, the climatic carrying capacity show
large spatial variability, and needs to be further optimized at the whole regional scale. Based on
the characteristics of urbanization agglomeration and climate carrying capacity, Wan-jiang City
Belt could be divided into 4 grades and 12 types of areas. For different areas dominated by
different types of climate carrying capacity, the “short board" and main limiting factors are further
revealed in this paper.

Key words: climatic carrying capacity, integrated indices, double attributes, coupled coordination, agglomeration
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Title: Interdecadal modulation of EI Nifp teleconnection on
monsoon Asia climate over the past five centuries

B

AR AR A BB R

Abstract

The El Nifp influence on monsoon Asia climate weakened during the mid-20 century and
strengthened substantially after the late 1970s. Exploring the nature of such an interdecadal
variation is constrained by short instrumental records. Here we synthesize the Indo-Pacific
tree-rings and coral records to reconstruct monsoon Asia temperature and moisture change during
the past five centuries, and show that the interdecadal modulation of El Nifb teleconnection on
monsoon Asia climate is a robust feature beyond the instrumental era. Comparison with proxy El
Nifb records indicates that the EI Nifb-monsoon Asia climate teleconnection is controlled by
interdecadal changes in ENSO variance, with strong (weak) teleconnection in periods of high (low)

variance, respectively.
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Simulation and Forcasting of Danjiangkou Reservoir Inflow Based on

Climate Elasticticy Model

WANG Tao™* WANG Miao®, GAO Zhengxu® QIN Pengcheng® REN Yongjian®

(1.State Grid Hubei Electric Power Research Institute, Wuhan 430077, China;2.Key Laboratory of High-voltage
Field-Test Technique of State Grid, Wuhan 430077, China;
3.Wuhan Regional Climate Center, Wuhan 430074, China)

Abstract: By using the daily precipitation. temperature data of 41 weather stations in the
upper basin during 1961-2015 as well as the inflow data of Danjiangkou reservoir, the variation
characteristics of the hydrometeorology were studied.We also simulated the historical runoff
based on the climate elasticticy model and future runoff by taking advantage of forcasting data in
RCP2.6. 4.5, 8.5 emissions scenarios.The results indicated that:the temperature over the basin
exhibited a significantly upward trend of 0.13°C per decade and the increase mainly appeared after
1990s’ . The runoff decreased by 64.3m>s™ per decade while its interannual and decadal variability
were remarkable. The climate elasticticy model could imitate the change tendency of high and low
water commendably and the elasticity coefficient of runoff to precipitation was higher than to
temperature .The precipitation and temperature all increased in the three emissions scenarios and
the runoff exhibited different tendencies. The runoff which increased in each decade in RCP2.6
emissions scenario decreased in all ages and the decrement exceeded 270 m°s™ in RCP4.5
emissions scenario the runoff increased in each decade.In RCP8.5 emissions scenario the runoff
decreased by -14.2 m*.s™ per decade and fluctuated severely,which meant that it was not good for
managing of water resources.

Key words: Danjiangkou Reservoir; Climate elasticticy model;Inflow;Forcasting
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Effects of climate change on building climatic zoning in

China

Shanjun Cheng*, Mingcai Li*

1. Tianjin Climate Center, Tianjin, 300074, China

Abstract

Building climatic zoning is an essential element of most building energy efficiency programs
to improve thermal performance of buildings. The effects of climate change on building climatic
zones in China were investigated by using 55-year (1961-2015) observational data based on the
same parameters and terms as specified in the Code for thermal design of civil building. The
results showed that the building climatic zones have largely changed accompanying the prominent
warming, with the transition areas of 31.77 x 10* km? 69.95 <10* km?, and 78.47 <10* km?,
accounting for 3.4, 7.4, and 8.3 % of the land surface for the periods of 1971-1980, 1981-1990,
and 1991-2015 relative to 1961-1990. The severe cold zone has reduced, and the other four
climatic zones have expanded, with the largest expansion occurring in cold zone. The major
transition is from severe cold to cold zone, accounting for 69.7, 75.1, and 71.5 % of the total
change for the three periods compared with 1961-1990. The transitions from cold to HSCW zone,
cold to mild zone, mild to HSCW zone, and mild to HSWW zone are also main types of climatic
zone changes. The results in this study suggest that climate change has apparent effects on
building climatic zones in China. Hence, accurate building design strategies are urgently needed to

improve the energy efficiency and actively address climate change.
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Observational Quantification of Climatic and Human

Influences on Vegetation Greening in China

Wenjian Hua™*", Haishan Chen?, Liming Zhou?, Minhua Qin*

'Key Laboratory of Meteorological Disaster, Ministry of Education (KLME), Nanjing University
of Information Science and Technology, Nanjing 210044, China

Department of Atmospheric and Environmental Sciences, University at Albany, State University
of New York, Albany, NY 12222, USA

*Correspondence: wenjian@nuist.edu.cn

Abstract

This study attempts to quantify the relative contributions of vegetation greening in China due to
climatic and human influences from multiple observational datasets. Satellite measured vegetation
greenness, Normalized Difference Vegetation Index (NDVI), and relevant climate, land cover, and
socioeconomic data since 1982 are analyzed using a multiple linear regression (MLR) method. A
statistically significant positive trend of average growing-season (April-October) NDVI is found
over more than 34% of the vegetated areas, mainly in North China, while significant decreases in
NDVI are only seen in less than 5% of the areas. The relationships between vegetation and climate
(temperature, precipitation, and radiation) vary by geographical location and vegetation type. We
estimate the NDVI changes in association with the non-climatic effects by removing the climatic
effects from the original NDVI time series using the MLR analysis. Our results indicate that land
use change is the dominant factor driving the long-term changes in vegetation greenness. The
significant greening in North China is due to the increase in crops, grasslands, and forests. The
socioeconomic datasets provide consistent and supportive results for the non-climatic effects at the
provincial level that afforestation and reduced fire events generally have a major contribution.
This study provides a basis for quantifying the non-climatic effects due to possible human
influences on the vegetation greening in China.

Keywords: vegetation greenness; NDVI; human influences; China
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