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An imputation method for the climatic data with strong
seasonality and spatial correlation

Yun Qin"", Guoyu Ren'?, Panfeng Zhangl, Lixiu Wu™, Kangmin Wen'

(1. Department of Atmospheric Science, School of Environmental Studies, China University of Geosciences,
Wauhan, China; 2. Laboratory for Climate Studies, National Climate Center, China Meteorological Administration,
Beijing, China; 3. Department of Applied Statistics, School of Science, Guangxi University of Science and
Technology, Liuzhou, China; 4. Department of Statistics, School of Mathematics and Statistics, Northeast Normal
University, Changchun, China)

ABSTRACT

Missing data were frequently found in the instrumental climatic records, which hindered the
statistical analyses on climate change. A novel imputation method, called Imputation Based on
Decomposition of Time Series (IBDTS), was developed in this article for the climatic data with
strong seasonality and spatial correlation. It was to decompose the time series into three components
first, and then to predict the missing values in each component. The trend component was predicted
by regression analysis, the seasonal component was predicted by spectral analysis, and the
remainder component was predicted by spatial interpolation. The IBDTS imputation method
showed relatively small errors in performance, and kept the real attributes of climatic series,
including the amplitude and phase with the cycle period of 12 months, and the linear trend. The
sensibility to station distance for the IBDTS method was relatively small. In addition, the IBDTS
method had the ability to deal with the data with none of or only a few of complete series, and it
was possible to be applied not only in the field of climatology but also in other fields as long as the

data had the intrinsic properties of strong seasonality and spatial correlation.
Keywords: Imputation; Missing data; Climatic data; Seasonality; Spatial correlation
7E: ALCOAE (Theoretical and Applied Climatology) K&

Qin, Y., Ren, G., Zhang, P. et al. An imputation method for the climatic data with strong seasonality and spatial

correlation. Theor Appl Climatol 144, 203-213 (2021). https://doi.org/10.1007/s00704-021-03537-9
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Extreme temperature of the mid-18th century as compared
to todays in Beijing

Yuyu Ren'”, Guoyu Ren'?, Rob Allan’, Siqi Zhang'”

(1. China University of Geoscience (CUG), School of Environment Studies, Department of Atmospheric Science,
Wuhan 430074; 2. China Meteorological Administration (CMA), National Climate Center (NCC), Beijing 100081;
3. Met Off Hadley Center, Climate Monitoring & Attribution Group, Exeter EX1 3PB, Devon, England)

ABSTRACT

The extreme temperature events of the mid-18th century can help understand the background
climate conditions of the pre-industrial revolution period. However, studies are lacking mainly due
to the scarceness of instrumental observations. Based on the observations made by the Franch
Missionary Amiot in Beijing, a daily maximum and minimum temperature dataset during 1757-
1762 was established using relationships developed with reference to modern observations of
nearby stations. The first result of a comparison between the extreme temperature change of the
mid-18th century and the present situation (2014-2019) in central Beijing city shows: 1) There were
mean annual summer days (the counts of days with daily maximum temperature >25°C) exceeding
130 d, and tropical nights (the counts of days with daily minimum temperature >20°C) of more than
52 d, as compared to more than 150 d and 80 d respectively at present; 2) The mean annual frost
days (daily minimum temperature<0°C) and ice days (daily maximum temperature<0°C) were 126
d and 31 d respectively in 1757-1762, but only 110 d and 10 d respectively during 2014-2019; 3)
The mean annual warm days (Days when maximum temperature>90th percentile) and warm nights
(Days when minimum temperature>90th percentile) were 63 d and 30 d respectively in comparison
to the present values of more than 65 d and 55 d respectively; 4) The annual mean cool days (Days
when maximum temperature<10th percentile) and cold nights (Days when maximum
temperature<10th percentile) were around 52 d and 48 d respectively in 1757-1762, but they are
less than 40 d and 30 d respectively today. Therefore, the occurrences of most warm events in the
mid-18th century were slightly lower than modern time, and the occurrences of most cold events
were more frequent compared with those in modern time, with the decrease of cold events from 260
years ago to today more obvious than the increase of warm events. The rapid warming at Beijing in

recent decades, especially in the urban center, has exerted a great influence

Keywords: extreme temperature events; mid-eighteenth century; pre-industrial revolution; climate

change; Beijing

7: A EFE (Climatic Change) &3: https:/doi.org/10.1007/s10584-021-03063-7
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The process of high-frequency intraseasonal oscillation

associated with a persistent rainfall event over South China

Bin Zheng’, Yanyan Huang, Ailan Lin

(Institute of Tropical and Marine Meteorology (ITMM), China Meteorological Administration (CMA), and

Guangdong Provincial Key Laboratory of Regional Numerical Weather Prediction, Guangzhou, China)

ABSTRACT

In the present study, the moist static energy (MSE) budget associated with a persistent rainfall
(PR) event over South China (SC) in late August 2018 (PR1808) was analyzed using ERA-Interim
reanalysis data. The results revealed that the PR1808 event was closely related to 12—30-day
intraseasonal oscillation (ISO), with a significant westward-propagating mode. The recharge of
MSE occurred before ISO deep convection, and MSE was discharged during and after the peak
precipitation. This indicates that the recharge-discharge cycle of MSE played an important role in
regulating the high-frequency ISO (HF-ISO) process during the PR1808 event. However, the mid-
level MSE tendency, rather than the low-level one, controlled the column-integrated MSE change
in this case, which is different from previous studies. The recharge of MSE related to the mid-level
MSE change mode was mainly attributed to the zonal advection, while the forcing related to
radiative heating (longwave and shortwave radiation) and heat fluxes (latent and sensible heat fluxes)
contributed little to the change in MSE. Furthermore, for the zonal advection of MSE, the main
contribution came from the advection by the low-frequency zonal flow across the low-frequency
MSE gradient, and interactions between high- (low-) frequency zonal flow and low- (high-)
frequency MSE. In addition, in spite of the important effect of the eddy term in the tropical ISO, its
role in the PR1808 event could be ignored. By contrast, the disturbances from the higher latitude
enhanced the PR of this case over SC through the southward shift of baroclinic vorticity.

Keywords: persistent rainfall; moist static energy (MSE); intraseasonal oscillation (ISO)
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Moisture Sources and Paths Associated with Warm-Season
Precipitation over the Sichuan Basin in Southwestern China:
Climatology and Interannual Variability

Sihan Zhang’

(Department of Atmospheric Science, School of Environmental Studies, China University of Geosciences, Wuhan,

China)

ABSTRACT

This study used the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT)
model to examine the moisture sources and pathways associated with warm-season precipitation
over the Sichuan Basin (SCB), southwestern China, with emphasis on the long-term mean state and
interannual variability. Four groups of moisture pathways were identified over the period 1981—
2017; i.e., the southwesterly, northeasterly, northwesterly, and westerly paths. With respect to the
long-term mean state, the southwesterly path from the Bay of Bengal was the most important
moisture transport pathway, accounting for 36.0% of the total moisture and 34.9% of the total
trajectories. This group of pathways is ocean-originated and during the early period of the simulation
(=240 to —96 hr; “—” indicates the “backward” simulation) it had the highest specific humidity. As
it moved to the target region, the altitude (specific humidity) increased (decreased) until about —24
hr, indicating a large amount of moisture loss due to the influence of the topography along the
pathways, such as the Indochina Peninsula and the Yunnan—Guizhou Plateau. Furthermore, it
experienced moisture uptake over the SCB during the last day before arriving at the target region.
The northeasterly path ranked second in both trajectory contribution (34.2%) and moisture
contribution (26.5%). However, the importance of this group of pathways has rarely been stressed
in previous studies. Along this path, the air parcels maintained a high specific humidity (over 9 g
kg—1) and a low altitude (below 2000 m), with no large variability until the last 12 hr before reaching
the target region. The remaining two groups of pathways; i.e., the northwesterly and westerly paths,
together contributed less than a third (~29.8%) of the total moisture. The altitude (specific humidity)
was among the highest (lowest) of the four paths almost throughout the pathway, especially the
trajectories in Group 4, for which the specific humidity was always <5 g kg—1. The moisture uptake
for both of these groups occurred mainly near the Qinghai—Tibet Plateau and the SCB within the
last 4 days (—96 to —6 hr). The Indian Ocean (B) is the most important moisture source, accounting
for 36.3% of the total moisture contribution. High moisture contributions occur in the Bay of Bengal
and Indochina Peninsula over the Indian Ocean region. Eastern China (E) and Eurasia (A) make
important moisture contributions to the target region, supplying 21.2% and 15.7%, respectively. For
Eurasia, high values are found over the Qinghai—Tibet Plateau, especially to its south. In addition,
the Sichuan Basin (D) contributes 13.3% of the moisture, indicating that evaporation over the SCB
contributes to warm-season precipitation within the region itself. The South China Sea (C) and

western North Pacific (F) contribute the least moisture to rainfall over the SCB, and account for
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only 8.6% and 3.9%, respectively, of the moisture contribution to the target region. In terms of
interannual variability, compared with dry years, the wet years show a significant increase in the
frequency of southwesterly trajectories across the Bay of Bengal and Indochina Peninsula, whereas
there is a decrease in the frequency of northeasterly trajectories across eastern and northern China.
For the southwesterly path from the Bay of Bengal, in wet years, the corresponding moisture
contribution and trajectory frequency increase by 18.6% (38.3% vs. 32.3%) and 19.5% (36.8% vs.
30.8%), respectively, over the dry years. In contrast, the moisture contributions (trajectory
frequencies) of the westerly path, the northwesterly path, and the northeasterly path decreased by
16.4% (16.2%), 10.4% (7.7%), and 5.5% (4.1%), respectively. However, in contrast to the long-
term mean state, during the dry years the northeasterly path, instead of the southwesterly path,
becomes the most important path in terms of moisture contribution (34.6%), which indicates the
potential impacts of the northeasterly path on regulating warm-season precipitation over the SCB.
Compared with dry years, during the wet years, moisture contribution from the Indian Ocean (B)
increases by 20.71% (38.38% vs 31.80%), and especially significantly from the Bay of Bengal and
Indochina Peninsula. Consistent with the composite analysis, there is a significant positive
correlation (R = 0.53, p < 0.01) between the time series of total warm-season precipitation and the
moisture contribution from the Indian Ocean (B). In contrast, the moisture contributions from
eastern China (E), Eurasia (A), and the Sichuan Basin (D) decrease by 12.95% (20.38% vs. 23.41%)),
14.40% (14.17% vs. 16.56%), and 8.42% (12.87% vs. 14.05%), respectively. In addition, compared
with the above sources, the changes in moisture contributions from the South China Sea (C) and
western North Pacific (F) are almost negligible. Furthermore, the interannual variability of runoff
across the SCB can be linked to changes in the moisture contributions from the various sources. For
example, variations in runoff from the Jialing River (R = 0.51, p < 0.05) and the Tuo River (R =
0.44, p < 0.05) are closely correlated with moisture contribution from the Indian Ocean. This is
because when moisture contributions from the Indian Ocean are higher than normal, excess warm-
season precipitation is observed over the central and northern SCB, where the Jialing and Tuo basins
are located. In contrast, variations in runoff from the Jialing are significantly negatively correlated
(R =-0.53, p < 0.05) with the moisture contribution from the SCB because when the moisture
contribution from the SCB increases, negative precipitation anomalies occur over the Jialing Basin.
However, variations in moisture contributions from the other four sources are poorly correlated with
runoff across the SCB. In years with an above-normal moisture contribution from the Indian Ocean,
significant moisture convergence anomalies occur over central and northern parts of the SCB
associated with the increase in moisture transport from the Indian Ocean. This leads to an increase
in local precipitation and increased runoff from the rivers Jialing and Tuo. In contrast, in years with
an above-normal moisture contribution from the Sichuan Basin, there are significant moisture
divergence anomalies over central and northern parts of the SCB. This leads to a reduction in
moisture transport from the Indian Ocean, which significantly suppresses precipitation and reduces
runoff from the Jialing River.

Keywords: Warm-season precipitation; Sichuan Basin; Hybrid Single-Particle Lagrangian
Integrated Trajectory (HYSPLIT) model; Internal variability
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Not spatial change pattern but dryland expansion attributed
to anthropogenic climate change

Shuyun Feng"

(Department of Atmospheric Science, School of Environmental Studies, China University of Geosciences, Wuhan

430074, China)

ABSTRACT

Previous studies showed that the global dryland area has shown a significant expansion trend
under global warming since the 1950s. While there is not enough evidence to prove that the dryland
expansion is caused by anthropogenic climate change and lack of quantitative studies on the causes
of dryland expansion. This study used the latest observational data and multimodel simulation of
Coupled Model Intercomparison Project 6 (CMIP6) to quantitatively detect and attribute the spatial-
temporal variation of global dryland areas. Firstly, compared the Spearman correlation between
observed data and simulated data in drought-wet change and dryland areas. The effects of
greenhouse gases and anthropogenic climate change on dryland and drought-wet change were
identified by comparing the observational data with the spatial and temporal pattern under historical
radiative forcing (ALL), greenhouse gases forcing (GHG), natural radiative forcing (NAT).
Furthermore, the optimal fingerprint method was used to quantitatively detect and attribute the
change of global dryland area. Finally, the contribution of population and dryland areas change to
population exposure to drought was quantitatively under the future dryland expansion. The results
showed that GHG could better simulate the observed change characteristics of dryland, and ALL
was consistent with the observed trend but underestimated. Anthropogenic climate change and
greenhouse gases signals in dryland area change can be successfully detected. With global warming,
both the dryland area and population exposure are increasing. Under high emission paths, population
exposure in drylands may reach a tipping point where irreversible changes occur. Lower emission
and slower temperature rise could slow the expansion of dryland. Dryland expansion has an
important impact on the ecological environment, social and economic development, and human
living environment. Dryland detection and attribution research can provide a reference for global

climate change response.

Keywords: Dryland; Detection; Attribution; Population exposure
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Human influence on frequency of temperature extremes

Ting Hu", Ying Sun'?, Xuebin thmg3 , Seung-Ki Min*, Yeon-Hee Kim*

(1. National Climate Center, Laboratory for Climate Studies, China Meteorological Administration, Beijing,
100081, People’s Republic of China; 2. Collaborative Innovation Center on Forecast and Evaluation of
Meteorological Disasters, Nanjing University of Information Science & Technology, Nanjing, 210044, People’s
Republic of China; 3. Climate Research Division, Environment and Climate Change Canada, Toronto, ON M3H
5T4, Canada; 4. Division of Environmental Science and Engineering, Pohang University of Science and

Technology, Pohang, South Korea)

ABSTRACT

We investigate the influence of external forcings on the frequency of temperature extremes
over land at the global and continental scales by comparing HadEX3 observations and simulations
from the Coupled Model Intercomparison Programme Phase 6 (CMIP6) project. We consider four
metrics including warm days and nights (TX90p and TN90p) and cold days and nights (TX10p and
TN10p). The observational dataset during 1951-2018 shows continued increases in the warm days
and nights and decreases in the cold days and nights in most land areas in the years after 2010. The
area of the so-called “warming hole” in North America is much reduced in 1951-2018 compared
with that in 1951-2010. The comparison between observation and simulations based on an optimal
fingerprinting method shows that the anthropogenic forcing, dominated by greenhouse gases, plays
the most important role in the changes of the frequency indices. Changes in CMIP6 multi-model
mean response to all forcing need to be scaled down to best match the observations, indicating that
the multi-model ensemble mean may have overestimated the observed changes. Analyses that
involve signals from anthropogenic and natural external forcings confirm that the anthropogenic
signal can be detected over global land as a whole and for most continents in all temperature indices.
Analyses that include signals from greenhouse gas (GHG), anthropogenic aerosol (AA) and natural
external (NAT) forcings show that the GHG signal is detected in all indices over the globe and most
continents while the AA signal can be detected mainly in the warm extremes but not the cold
extremes over the globe and most continents. The effect of NAT is negligible in most land areas.
GHG’s warming effect is offset partially by AA’s cooling effect. The combined effects from both

explain most of the observed changes over the globe and continents.

Keywords: temperature extremes; detection and attribution; anthropogenic forcing; natural forcing;
CMIP6 models; HadEX3 dataset
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Changes in extreme precipitation accumulations during the

warm season over continental China
Meiyu Chang'", Bo Liu', Cristian Martinez-Villalobos’, Guoyu Ren'’, Shangfeng Li*,

Tianjun Zhou’

(1. Department of Atmospheric Science, School of Environmental Studies, China University of Geosciences,
Wuhan, China; 2. Department of Atmospheric and Oceanic Sciences, University of California, Los Angeles, Los
Angeles, CA, U.S.A; 3. Laboratory for Climate Studies, National Climate Center, China Meteorological
Administration, Beijing, China; 4. Jilin Provincial Key Laboratory of Changbai Mountain Meteorology & Climate
Change, Laboratory of Research for Middle-High Latitude Circulation Systems and East Asian Monsoon, Institute
of Meteorological Sciences of Jilin Province, Changchun, China; 5. LASG, Institute of Atmospheric Physics,

Chinese Academy of Science, Beijing, China)
ABSTRACT

Precipitation accumulations, integrated over rainfall events, are investigated using hourly data
across continental China during the warm season (May-October) from 1980 to 2015. Physically, the
probability of precipitation accumulations drops slowly with event size up to an approximately
exponential cutoff scale where probability drops much faster. Hence can be used as the indicator of
the high accumulation percentiles, i.e., the extreme precipitation accumulations. In this study, by
employing the cutoff scale, we investigated the climatology and recent changes of precipitation
accumulation distributions over continental China during the warm season. To examine the regional
features of accumulation distributions and their changes, all stations are grouped into eight different
climate regions based on the China’s National Assessment Report on Climate Change: Northeast
China (NEC), North China (NC), Northwest China (NWC), East China (EC), Central China (CC),
Qinghai-Tibet Plateau (SWC1), Southwest China (SWC2), and South China (SC). Due to the
uneven station density, we have excluded the western parts of NWC and SWC1 and renamed SWC1
and SWC2 to northern Southwest China (nSWC) and southern Southwest China (sSWC).

Overall, the climatological cutoff of precipitation accumulation distributions is about 54 mm
over China. At the station level, we find the cutoff scale in each station to be positively correlated
with extreme accumulation percentiles, indicating that the cutoff scale can be used to study extreme
precipitation over China. Similar positive correlation occurs for daily precipitation. Moreover, the
cutoff scales of precipitation accumulations and daily precipitation are highly correlated, implying
the results derived from precipitation accumulations can be used to explain extreme precipitation
indices derived from daily precipitation data. On a regional scale, the distribution of cutoff is
roughly like that of mean warm season total precipitation, with the maximal values mainly located
over East, Central and South China.

We divided the whole period into two equal periods to investigate changes of precipitation
accumulation in the context of current warming climate. In general, the number of stations with
increased accounts for about 58.5% of the total and the overall cutoff scale increases about 5.6%

over continental China in 1998-2015. However, changes of cutoff exhibit distinct regional features.

* E-mail: changmy@cug.edu.cn
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On regional scale, increases were found over East China (10.9%+1.5%), Northwest China
(9.7%=+2.5%), South China (9.4%=+1.4%), southern Southwest China (5.6%+1.2%) and Central
China (5.3%=*1.0%). And three out of eight subregions witnessed the decrease of cutoff scale,
namely, North China (—10.3%=1.3%), Northeast China (—4.9%=1.5%) and northern Southwest
China (-3.9%+1.8%). Changes derived from daily precipitation resemble those of precipitation
accumulations but with smaller magnitude. Furthermore, we found that the changes of the PDFs of
accumulation and daily precipitation in the right tails can be well represented by rescaling the cutoff
scales, demonstrating that the cutoff scale is physically linked to the shape of probability distribution
of precipitation accumulations. That is, the changes of can be regarded as an indicator of changes
of the full extreme tails of PDFs.

When the five regions with increased cutoff are regarded as a whole, the risk ratio has an
increasing trend and exceeds 1.2 for the accumulation size greater than Sqq 9, meaning that the risk
of extreme accumulation increases as the cutoff scale is extended. Consistently, the conditional risk
ratios for five subregions with increased cutoff are all greater than 1.0 and gradually increase, also
implying an increased risk of large precipitation accumulations. For accumulations larger than sqq,
the risk ratios in these regions can reach above 1.2 except for South China (SC). These results
indicate that, with the extension of the cutoff scale in the PDF of precipitation accumulations, large
accumulations exhibit significant increase in 1998-2015 compared to the former period. Similarly,
the risk of extreme accumulation decreases for the three subregions with decreased cutoff. An
advantage of the accumulation framework is that we can attribute changes to changes in event
duration and event intensity. To separate the effects of event duration (hour) and event-mean
intensity (mm h-1) on extreme accumulation, we have calculated the changes in the number of
events, mean duration, mean intensity (averaged over event) and size of accumulation extremes
(mean accumulation of extreme accumulation events).

When taking the regions (EC, CC, SC, NWC and sSWC) with extended cutoff as a whole, the
number of extreme events and the size of accumulation extremes exhibit consistent positive trends.
Moreover, for accumulations larger than sqq, it can be clearly seen that positive trends of extreme
accumulations result from the increased durations, rather than intensity. Similarly, the decrease of
extreme accumulations is also mainly due to the decrease of duration. Regionally, similar trends in
event number and size of accumulation extremes are also found for the five regions with increased
cutoff, except for sSSWC where the change of accumulations is not significant. Meanwhile, regional
results also suggest that at least for ‘extreme’ extreme precipitation larger than Sqq, the positive
trend is mostly from the elongated duration, which are in line with the results obtained by taking the
regions with increased cutoff as a whole. Furthermore, for three subregions with decreased cutof,
the number of extreme events and size of extreme accumulations show negative trends. Indeed,
negative trends of extreme accumulations also result from the shortened duration, rather than the
reduced intensity. In conclusion, the changes of extreme events and accumulations are largely
consistent with the changes of cutoff scale and the changes of size of accumulation extremes are
mostly affected by the mean duration. That is, the increased size of extreme accumulations can be
largely accounted for by an extension of the mean duration of these extreme events, especially for
‘extreme’ extreme precipitation greater than approximately Sqq.

Keywords: Atmosphere; Asia; Extreme events; Precipitation; Trends
W AXEAET (Journal of Climate): https://doi.org/10.1175/JCLI-D-20-0616.1
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Identification of winter long-lasting regional extreme low-
temperature events in Eurasia and their variation during

1948-2017

Yinxian Zhang’, Yanju Liu, Yihui Ding

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

ABSTRACT

Compared with short-duration events, long-lasting regional extreme low-temperature events
(RELTESs) often have more severe impacts on human societies due to the induced persistence and
large geographic area of related weather and climate disaster. Accordingly, an improved objective
technique was applied to identify all long-lasting RELTEs in Eurasia from the winter of 1948/1949
to 2017/2018, followed by an in-depth discussion of its variation in terms of the annual frequency,
duration, impacted area, mean intensity, maximum intensity, and a comprehensive index. The
RELTE lasting for 52 d in the winter of 2007/2008 exhibited the longest duration, largest impacted
area, and a greatest comprehensive index, which induced extremely low temperatures for more than
20 d in Western Asia, Central Asia, and China. During the past 70 winters, the frequency of long-
lasting RELTEs decreased, especially after the late 1960s. Nevertheless, the mean and maximum
intensities and comprehensive index exhibited distinctly increasing trends. All indicators of winter
long-lasting RELTEs had a similar inter-decadal fluctuation featured by two noticeable peaks
occurring around 1970 and 2007, and a remarkable recovery was discovered in the period of late
1990s to mid-2010s, especially for the occurrence of super long-lasting events. Significantly, winter
long-lasting RELTEs in Eurasia showed distinct trends under various decadal climate backgrounds,
i.e., a strong negative or weak positive trend in the accelerated warming period and conversely, a
strong positive or weak negative trend in the warming slowdown stage. These findings indicate that
we should be alert of the similar future recovery of winter long-lasting RELTEs in Eurasia, which

are likely to occur in the slowdown period of global warming.

Keywords: Climate variation; Eurasia; Long-lasting; Regional extreme low-temperature events;
Winter
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(1. Department of Atmospheric Science, School of Environmental Studies, China University of Geosciences,
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ABSTRACT

During past decades, great efforts have been devoted to investigating changes in the mean and
extreme precipitation over monsoon regions as monsoon-related rainfall supports nearly 62% of the
global population. Providing a reliable assessment for the changes in extreme precipitation over the
GM region and understanding the involved physical mechanisms are essential to improving future
prospects of food risk and disaster mitigation. Conventional thresholds, such as the 95th or 99th
percentile of precipitation (R95p, R99p), Rx1day, and Rx5day, are often used as the criteria to
investigate the future changes of extreme precipitation. However, these indices are used for practical
reasons (e.g., risk assessment) but are not physically motivated. Moreover, quantitative conclusions
are generally index-dependent. Moreover, it should be noted that these indices (e.g., uniform R95p,
R99p) may have different implications in different regions, and changes of a specific percentile may
not accurately reflect changes in the extreme tail of the probability distribution of the precipitation.

Motivated by these limitations, the cutoff scale is proposed to be used as the indicator of
precipitation extremes. With the increase of precipitation size, the probability density function (PDF)
of daily precipitation gradually decayed and sharply fell after a characteristic cutoff scale. Hence,
the extreme tail in precipitation PDF can be directly indicated by the cutoff scale. Physically, the
existence of the cutoff scale is due to the balance between precipitation loss and variation of
moisture convergence. The cutoff scale may correspond to different precipitation percentiles. As
moisture convergence variance increases with global warming, the upshift in the extreme tail of the
probability distribution can be well represented by an extension of the cutoff scale, which provides
insight into future changes in precipitation extremes.

This study investigates future changes in daily precipitation extremes and the involved physics
over the global land monsoon (GM) region using climate models from the Coupled Model
Intercomparison Project Phase 6 (CMIP6). The daily precipitation extreme is identified by the cutoff
scale, measuring the extreme tail of the precipitation distribution. To understand the underlying

mechanisms explaining changes in the cutoff scale, we use a physical scaling diagnostic to
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decompose precipitation extremes into thermodynamic and dynamic components, which has been
proved to be effective in quantifying the contributions of thermodynamics and dynamics in
precipitating processes.

For the GM region, the increasing magnitude of the cutoff scale is projected to enhance from
the near to the long-term and low to high emission scenario. The increase in cutoff scale is associated
with an upward shift in the daily precipitation PDF extreme tail. To first order, this upward shift can
be economically captured by a simple rescaling of the PDF.

While the frequency of precipitation extremes will increase under any scenario considered,
efforts to mitigate future warming can still produce a sizable positive impact. For example, we see
a fractional reduction of 57.9% (16.6 + 7.8% versus 39.4 + 22.1%) in the cutoff scale in the
SSP2-4.5 scenario compared with the SSP5-8.5 scenario in the long-term projection. This reduction
can have a substantial effect on the frequency of the most extreme events, with days above 100mm
(approximately 99.9th percentile in historical period) in the GM region being about 1.36 times
(median) more frequent in the SSP5-8.5 scenario than in the SSP2-4.5 scenario by the end of the
century. Such features are also observed in seven individual monsoon subregions, in some cases
with larger increases (NAF, SAS, EAS, and NAM), but the magnitude differs.

The response rates of the cutoff scale, normalized by increases in global mean surface
temperature, are nearly time-invariant and scenario-invariant over the GM region, which is roughly
8.0%-K 1. From the near to the long-term projection, a narrow range of 7.2~8.8% - K1 is found
for the scenario-averaged rates, and meanwhile similar subtle fluctuation of 7.3 ~ 8.6% - K1
occurs in the time-averaged response rates from SSP1-2.6 to SSP5-8.5 scenario. Similar near
invariance is also found in most monsoon subregions. This finding has important implications for
determining the GM and regional monsoon response to anthropogenic forcing. Moreover, we show
that the uncertainty in response rates is almost independent of internal variability, which may be
masked by the large intermodel spread in projections. In addition, the internal variability is also
suppressed since changes are calculated based on the value of a 20-yr period.

Changes in the cutoff scale were separated in thermodynamic and dynamic contributions. For
the GM region, these contributions are comparable in the intensification of extreme precipitation.
This is different from the enhancement of mean monsoon precipitation, which is apparently
dominated by the contribution from thermodynamics. Regionally, the thermodynamic contribution
dominates over the SAF, EAS, NAM, and SAM, while the dynamic contribution dominates over
SAS, NAF, and AUS. Moreover, the thermodynamic scaling contributes to a uniform increase in
extreme precipitation for all monsoon regions, while the dynamic scaling is responsible for the
regional variations. Also, the large intermodel scatter in the changes of precipitation extremes is also
mainly contributed by the dynamic scaling. Overall, in response to climate warming, positive
thermodynamics and dynamics combined contribute to an increasing rate of ~8.0%/K in
precipitation extremes for GM domain, implying increasing risk beyond what we would expect

simply by an increase in water vapor under any scenario.
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Spatial and temporal characteristics of abrupt heavy rainfall

events over Southwest China during 1981-2017

Yangruixue Chen'", Xiaofang Wangz, Ling Huang3, Yali Luo®’

(1. Plateau Atmosphere and Environment Key Laboratory of Sichuan Province, School of Atmospheric Sciences,
Chengdu University of Information Technology, Chengdu; 2. Hubei Key Laboratory for Heavy Rain Monitoring
and Warning Research, Institute of Heavy Rain, China Meteorological Administration, Wuhan; 3. Institute of
Tropical and Marine Meteorology, China Meteorological Administration, Guangzhou; 4. State Key Laboratory of
Severe Weather, Chinese Academy of Meteorological Sciences, Beijing; 5. Collaborative Innovation Center on
Forecast and Evaluation of Meteorological Disasters, Nanjing University of Information Science and Technology,

Nanjing)

ABSTRACT

The spatial and temporal characteristics of abrupt heavy rainfall events (AHRE: defined as 3-
hr rainfall amount >50 mm and at least one 1-hr rainfall amount >20 mm during the 3 hr) over
southwest China (SWC) between 1981 and 2017, including their occurrence frequency, intensity,
and duration, were investigated based on hourly rainfall data collected from 468 rain gauge stations.
The occurrence frequency of these AHREs exhibited large spatial variability among different
regions. We distinguished three regions with high occurrence rates of AHREs: the Sichuan Basin
(subregion A, SR-A), South Guizhou—North Guangxi (subregion B, SR-B), and West Hunan
(subregion C, SR-C). Overall, the amount of rainfall generated by the AHREs was more closely
related to event duration than event intensity. Analysis of the monthly variations showed that the
frequency of AHREs over SWC mostly (ca., 86.8%) appeared in the warm season (May—August)
and peaked in July. But the peak month exhibited distinct regional features, with it occurring in
midsummer over SR-A, late spring or early summer over SR-B, and early summer over SR-C. With
regards to diurnal variations, AHREs over areas with higher (lower) topography were initiated
mostly in the afternoon (around midnight). In addition, short-duration (1-3 hr) AHREs began most
frequently in the late afternoon, whereas the long-duration events (>6 hr) tended to begin around
midnight. Composite analysis of the anomalies of moisture, equivalent potential temperature, and
wind during extreme AHRE days revealed that AHRE occurrence coincided with an abnormal low-
level cyclonic circulation, which enhanced wind convergence and the transport of moist and warm
air, providing favorable thermodynamic conditions for AHRE formation. These results advance our
understanding of rainfall characteristics over SWC and provide observation-based metrics for the

evaluation of numerical simulations.

Keywords: abrupt heavy rainfall events; southwest China; hourly precipitation; thermodynamic

conditions
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WRF-based dynamical downscaling simulation of
precipitation and temperature extremes over Eastern China
with dynamic blending technique

Neng Luo", Yan Guo', Jin Feng’

(1. State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University, Beijing
100875, China; 2. Institute of Urban Meteorology, China Meteorological Administration, Beijing 100089, China)

ABSTRACT

A dynamic blending (DB) scheme is applied to dynamical downscaling simulation of
precipitation and temperature extremes over Eastern China using the Weather Research and
Forecasting (WRF) model. The WRF integrated from 1996 to 2014 at a grid spacing of 25 km,
driven by a GCM (HadGEM3-GC31-LL). Two kinds of dynamical downscaling simulation with
and without DB were respectively evaluated by comparison with gridded CN05.1 data. Results show
that dynamical downscaling with DB is effective in improving the precipitation and temperature
extremes simulation over Eastern China. In comparison with both GCM and downscaling simulation
without DB, pronounced reduction of bias has been achieved by downscaling simulation with DB,
especially over Southern China. For total precipitation (PRCPTOT), the root mean square error
(RMSE) is decreased by 50.1% and 62.1% compared with GCM and downscaling simulation
without DB. For extreme precipitation (R95p), compared with GCM and downscaling simulation
without DB, RMSE is decreased by 58% and 68.4%, respectively. For the simulation of extreme
temperature (TN10), the bias in Southern China is also obviously decreased with downscaling
simulation with DB, with the reduction of RMSE about 50% in comparison with GCM.

Keywords: WRF; climate extremes; China; evaluation
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Analysis of moisture sources and transport abnormalities of
super-drought events in the middle and lower reaches of the
Yangtze River

Yansong Guan, Xihui Gu’

(Department of Atmospheric Science, School of Environmental Studies, China University of Geosciences, Wuhan,

430074)

ABSTRACT

From January 11 to May 19 in 2011 and July 21 to November 26 in 2019, the middle and lower
reaches of the Yangtze River experienced the most severe consecutive winter-spring drought
summer-autumn drought in the same period in nearly 60 years. In terms of precipitation, the 2011
winter-spring drought showed a gradual decreasing trend in interannual variation, presenting from
light drought to severe drought, and the 2019 summer-autumn drought showed a dramatic
decreasing trend, showing a sudden transition from flood to drought followed by gradual alleviation.
In terms of water vapor balance, the 2011 winter-spring drought was caused by the control of
downdraft, and the 2019 summer-autumn drought is caused by a decrease in input moisture. After
moisture tracking, the 2011 winter-spring drought was affected by reduced moisture transport from
the Northeast and Southwest Paths, and the 2019 summer-autumn drought was mainly affected by
reduced moisture transport from the West Paths. Both droughts were affected by reduced moisture
transport from the Pacific Ocean, Bay of Bengal, and South China Sea. The further analysis shows
that the decrease in precipitation during the two drought periods is caused by seasonal variations,
mainly by the seasonal mean airflow rather than transient eddies. Among them, the contribution of
mean airflow is influenced by the dynamic process of wind variation rather than the thermodynamic
process of specific humidity variation. In addition, the contribution from the dynamical process of
moisture transport, convergence transport rather than advection transport, affects the formation and

maintenance of droughts.

Keywords: the middle and lower reaches of the Yangtze River, Super-drought, Moisture tracking,

Moisture budget, Moisture divergence
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Impact of cropland degradation in the rural-urban fringe on
urban heat island in Yangtze River Delta

Hongyun Ma, Mi Zhang', Haijun Li

(Nanjing University, Nanjing 210046)

ABSTRACT

Rapid urban growth causes increase in both air and surface temperatures of urban areas
compared to their surrounding rural areas, known as the urban heat island (UHI) effect. The UHI is
defined by the difference in temperature between urban and rural areas. It is the most prominent
phenomenon associated with human-induced land surface change that affects both local and regional
climate. China has experienced rapid urbanization since the 1980s, which has significantly reduced
croplands around cities. In addition to urban land use, many croplands have been degraded into
cropland/natural vegetation mosaic in the rural-urban fringe. So far, little attention has been paid to
the effect of land cover changes in rural-urban areas on climate.

Here, we investigate how the conversion of irrigated cropland into the mosaic may affect
regional climate conditions over the Yangtze River Delta (YRD) using the Weather Research and
Forecasting Model (WRF). A decadal, 5-km resolution land cover dataset for China (ChinaL.C) from
1981 to 2010 is used to classify rural-urban land cover, and is introduced into the WRF/UCM model
to simulate regional climate. The simulation period is four heatwave events (HW) in the summer of
2013 and 2017 in the YRD, which are 8th July - 12th July in 2013, 23rd July - 18th August in 2013,
12th July - 29th July in 2017 and 4th August - 7th August in 2017, totally 54 days. The primary
objective of this work is to investigate the impacts of degradation of irrigated cropland in the rural-
urban fringe over the YRD on its thermal environment.

Three representative land cover distributions (using default data in Exp USGS, using current
data in CTL, using modified mosaic areas in Exp MOS) were used for comparative analyses. The
conducted experiments are as follows: (1) an experiment based on the USGS data (Exp USGS); (2)
an experiment based on the ChinaLC data of the 2010s (control experiment, or CTL); and (3) an
experiment based on the ChinalLC data of the 2010s, in which the cropland/natural vegetation
mosaic (hereafter referred to as “mosaic”) was replaced by the ChinaL.C data of the 1980s (Exp
MOS). Exp USGS represents the default land cover condition in the WRF; CTL reflects the current
level of urbanization, expansive mosaic and the degradation of irrigated cropland; and Exp MOS
recovers the irrigated cropland by using the mosaic from the 1980s.

Results show that, after the irrigated cropland converted into the mosaic, the 2-m air
temperatures in most areas of the YRD were significantly higher than those in Exp MOS due to the
replacement of lower albedo and leaf area index (LAI) in new mosaic areas. As expected, some
large hot spots of air temperature were simulated over the metropolitan areas in the YRD, such as
Nanjing-Zhenjiang-Yangzhou (NZY) urban agglomeration, Shanghai-Suzhou-Wuxi-Changzhou
(SSWC) urban agglomeration and Hangzhou-Shaoxing-Ningbo (HSN) urban agglomeration,
particularly for Tmin; they are essentially consistent with the UHI feature. Considering the irrigated
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cropland degenerated and the mosaic expanded from the 1980s in the rural-urban fringe, Tmean Was
enhanced by 0.12°C on average, and the largest change with a maximum value of 0.37°C occurred
in southern Anhui and southwestern Jiangsu, which were the main mosaic-expansive area.

However, this land cover change had a negative contribution to the urban heat intensity (UHI).
It is clear that the maximum UHI intensity for the surface temperature in CTL occurred at
approximately 1800 LST around sunset, with the values of approximately 7.59°C (NZY), 8.39°C
(SSWC) and 9.06 C (HSN). When the mosaic land cover change was considered, ait is evident that
the UHI was decreased in CTL when compared to that in Exp MOS, suggesting there were negative
effects on the UHI after the irrigated cropland around cities was converted into the mosaic.

The result of the spatial distribution shows that the Exp MOS can effectively play a cooling
role, but the analysis of UHI shows that the heat island effect of the Exp MOS is significantly
enhanced, compared with the Exp CTL. Therefore, this section analyzes the radiation flux to see the
mechanism for this difference. We compare the net radiation, sensible heat flux, latent heat flux, and
storage heat of Exp CTL and MOS in new mosaic areas. In new mosaic areas, the sensible heat flux
in Exp MOS is significantly lower than that in Exp CTL, with the maximum value of 44W/m”. On
one hand, it is caused by the weaker net radiation flux in MOS, which is due to the increase of
Surface Albedo in new mosaic areas; On the other hand, it is caused by the stronger latent heat flux
in MOS, which is due to the increase of Leaf Area Index (LAI) in new mosaic areas.

Keywords: urban heat island (UHI); land surface temperature (LST); degradation; Weather
Research and Forecasting Model (WRF)
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Urbanization Significantly Affects Pan-Evaporation Trends
in Large River Basins of China Mainland

Chenchen Ren', Guoyu Ren'”?, Panfeng thmgl’3 , Suonam Kealdrup Tysa', Yun Qin'

(1. Department of Atmospheric Science, School of Environmental Studies, China University of Geosciences,
Wuhan 430074, China; 2. Laboratory for Climate Studies, National Climate Center, China Meteorological
Administration, Beijing 100081, China; 3. School of Tourism and Geographical Sciences, Jilin Normal University,

Siping 136000, China)

ABSTRACT

The causes of the pan-evaporation decline have been debated, and few researches have been
carried out on the possible effect of local land use and land cover change on the regional pan-
observation data series. In this paper, the urbanization effect on the estimate of pan-evaporation
trends over 1961-2017 was examined for the data series of 331 urban stations, applying a previously
developed dataset of the reference stations, in seven large river basins of the China mainland. The
trends of pan-evaporation difference series (transformed to anomaly percentage) between urban
stations and reference stations were negative and statistically significant in all of the basins,
indicating that urbanization significantly reduced the pan-evaporation. The urbanization-induced
trend in the whole study region was —2.54%/decade for the urban stations. Except for the Yellow
River Basin and the upper Yangtze River Basin, the urbanization effects in the other five large river
basins of the country are all significant, with the mid and low reaches of the Yangtze River and the
Songhua River registering the largest urbanization effects of —4.08%/decade and —4.06%/decade,
respectively. Since the trends of regional average series for reference stations across half of the river
basins are not statistically significant, the urbanization effect is a dominant factor for the observed
decline in pan-evaporation. This finding would deepen our understanding of the regional and basin-

wide change in pan-evaporation observed over the last decades.

Keywords: pan-evaporation; downward trend; urbanization effect; data bias; China mainland
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Ren, C.; Ren, G.; Zhang, P.; Tysa, S.K.; Qin, Y. Urbanization Significantly Affects Pan-Evaporation Trends in Large
River Basins of China Mainland. Land 2021, 10, 407. https://doi.org/10.3390/1and10040407
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Urbanization effect on estimation of regional light
precipitation trend in China mainland

Suonam Kealdrup Tysa'", Guoyu Ren'”

(1. Department of Atmospheric Science, School of Environmental Studies, China University of Geosciences,
Wuhan 430074, China; 2. Laboratory for Climate Studies, National Climate Center, China Meteorological
Administration, Beijing 100081, China)

ABSTRACT

Light Precipitation (LP) frequency has been reported to be decreasing in many regions of the
world, however, the reason for the decrease has not been well understood. Based on a reference
station network in China mainland, which was established by the classification of stations with
different urbanization level in our previous study, this study quantitatively assessed the urbanization
effect on, and its contribution to, LP (<3mm/d, <lmm/d, <0.3mm/d) trends estimated for the past
60 years in the country. Result shows that the annual total LP days and amount significantly decrease,
and with the definition of LP becoming stricter, the reductions of LP days and amount are larger.
The urbanization effects are significantly negative on the observed LP days and amount trends for
urban and national station network in China mainland, which means that fewer LP is detected for
urban station than rural station. The negative effect is also larger with the definition of LP becoming
stricter, and the largest negative urbanization effect appears in Trace Precipitation (<0.3mm/d)
(TPO0.3) changes, especially in summer and autumn. The urbanization contributions to the reductions
of annual total TP0.3 days and amount reach 21.7% and 23.1% for national station network, and the
largest contribution to the LP change occur in warm season, especially in summer TP0.3 days and
amount, which reach 29.7% and 31.6%, respectively. Finally, we examined the urban-rural
difference in Aerosol Optical Depth (AOD) and its change over time, and found a close association
between AOD and LP changes.

Keywords: urbanization; light precipitation; China; aerosol
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PM2.5 influence on Urban Heat Island (UHI) effect in
Beijing and the possible mechanisms
Guowel Yangl*, Guoyu Ren'?, Panfeng Zhang1’3, Xiaoying Xue', Suonam Kealdrup

Tysa', Wengian Jia', Yun Qin', Xiang Zheng', Siqi Zhang'?

(1. Department of Atmospheric Science, School of Environmental Studies, China University of Geosciences,
Wauhan, China, 430074; 2. Laboratory for Climate Studies, National Climate Center, China Meteorological
Administration, Beijing, China, 100081; 3. School of Tourism and Geographical Sciences, Jilin Normal University,

Siping, China, 136000)

ABSTRACT

Whether the urban heat island (UHI) is affected by air pollution in urban areas has attracted
much attention. By analyzing the observation data of automatic weather stations and environmental
monitoring stations in Beijing from 2016 to 2018, we found a seasonally dependent interlink of the
UHI intensity (UHII) and PM2.5 concentration in urban areas. PM2.5 pollution weakens the UHII
in summer and winter night, but strengthens it during winter daytime. The correlation between the
UHI and PM2.5 concentration has been regulated by the interaction of aerosol with radiation,
evaporation and planetary boundary layer (PBL) height. The former two change the surface energy
balance via sensible and latent heat fluxes, while the latter affects atmospheric stability and energy
exchange. In summer daytime, aerosol-radiation interaction plays an important role, and the energy
balance in urban areas is more sensitive to PM2.5 concentration than in rural areas, thereby
weakening UHII. In winter daytime, aerosol-PBL interaction is dominant, because aerosols lower
the PBL height and stabilize atmosphere, weaken the heat exchange with the surrounding, with more
heat accumulated in the urban areas and the increased UHII. Changes in evaporation and radiation
strengthen the relationship. At night, the change of UHII more depends on the energy stored in the
urban canopy. Aerosols effectively reduce the incident energy during daytime, and the long-wave
radiation from the buildings of urban canopy at night becomes less, leading to a weakened UHII.
Our analysis results can improve the understanding of climate-aerosols interaction in megacities

like Beijing.
Keywords: urbanization; urban heat island; PM2.5; aerosol
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Asymmetrical shift toward less light and more heavy
precipitation in an urban agglomeration of East China:
Intensification by urbanization

Xiaojie Yu"?, Xihui Gu">*, Dongdong Kongl, Qiang ZhangS’ %7 Qian Cao®, Guoyu

13,14

Ren"’, Ming Luo'", Jianfeng Li", Jianyu Liu'*, Jianmei Chengz, Yanan Li

(1. Department of Atmospheric Science, School of Environmental Studies, China University of Geosciences,
Wuhan 430074, China; 2. Department of Water Resources and Hydrogeology, School of Environmental Studies,
China University of Geosciences, Wuhan 430074, China; 3. Collaborative Innovation Center for Western
Ecological Safety, Lanzhou University, Lanzhou 730000, China; 4. Key Laboratory of Geospatial Technology for
Middle and Lower Yellow River Regions (Henan University), Ministry of Education, Kaifeng 475001, China; 5.
Key Laboratory of Environmental Change and Natural Disaster, Ministry of Education, Beijing Normal University,
Beijing 100875, China; 6. Faculty of Geographical Science, Academy of Disaster Reduction and Emergency
Management, Ministry of Education/Ministry of Civil Affairs, Beijing Normal University, Beijing 100875, China;
7. State Key Laboratory of Earth Surface Processes and Resources Ecology, Beijing Normal University, Beijing
100875, China; 8. School of Geography and Information Engineering, China University of Geosciences, Wuhan
430074, China; 9. Laboratory for Climate Studies, National Climate Center, China Meteorological Administration,
Beijing 100081, China; 10. School of Geography and Planning and Guangdong Key Laboratory for Urbanization
and Geo-simulation, Sun Yat-Sen University, Guangzhou 510275, China; 11. Department of Geography, Hong
Kong Baptist University, Hong Kong, China; 12. Hubei Key Laboratory of Critical Zone Evolution, School of
Geography and Information Engineering, China University of Geosciences, Wuhan, China; 13. Zhengzhou
Tourism College, Zhengzhou 451464, China; 14. College of Environment and Planning, Henan University, Key
Laboratory of Geospatial Technology for Middle and Lower Yellow River Region, Kaifeng 475004, China.)

ABSTRACT

Under global warming, changes in precipitation with different intensities over China show an
asymmetrical shift from light to heavy precipitation. However, the role of urbanization in this shift
remains unknown. By investigating the precipitation changes in the rainy season (May-September)
over the Yangtze River Delta (YRD) urban agglomeration of East China, we show that YRD
experienced increasing total precipitation during 1961-2019, and this increase is evidently
characterized by reduced light precipitation and increased heavy precipitation. This asymmetrical
shift toward heavier precipitation is even more prominent in urban than rural areas. The areas with
faster urban expansion rates are observed with greater negative (positive) trends in light (heavy)
precipitation. Urbanization contributes to 44.4% (26.4%) of the decreasing (increasing) light (heavy)
precipitation in the urban areas of YRD. We suggest that urban managers should consider potential
adverse impacts of this asymmetrical shift amplified by urbanization, e.g., favoring more heatwaves
and waterlogging.

Keywords: light precipitation; precipitation intensity; urbanization; China; Yangtze River Delta
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Dual effects of synoptic weather patterns and urbanization
on summer diurnal temperature range in an urban

agglomeration of East China

Min Guo', Yuanjian Yang

(Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing University of

Information Science & Technology, Nanjing, 210044, China)

ABSTRACT

Previous studies on the impact of urbanization on the diurnal temperature range (DTR) have
mainly concentrated on the intra-seasonal and interannual-decadal scales, while relatively fewer
studies have considered synoptic scales. In particular, the modulation of DTR by different synoptic
weather patterns (SWPs) is not yet fully understood. Taking the urban agglomeration of the Yangtze
River Delta region (YRDUA) in eastern China as an example, and by using random forest machine
learning and objective weather classification methods, this paper analyzes the characteristics of
DTR and its urban—rural differences (DTRy.r) in summer from 2013 to 2016, based on surface
meteorological observations, satellite remote sensing, and reanalysis data. Ultimately, the influences
of urbanization-related factors and different large-scale SWPs on DTR and DTRy-r are explored.
Results show that YRDUA is controlled by four SWPs in the 850-hPa geopotential height field in
summer, and the DTRs in three sub-regions are significantly different under the four SWPs,
indicating that they play a role in regulating the DTR in YRDUA. In terms of the average DTR for
each SWP, the southern sub-region of the YRDUA is the highest, followed by the northern sub-
region, and the middle sub-region is the lowest, which is most significantly affected by high-level
urbanization and high anthropogenic heat emission. The DTRy.r is negative and differs under the
four different SWPs with variation in sunshine and rainfall. The difference in anthropogenic heat
flux between urban and rural areas is one of the potentially important urbanization-related drivers
for DTRu.r. Our findings help towards furthering our understanding of the response of DTR in

urban agglomerations to different SWPs via the modulation of local meteorological conditions.

Keywords: urbanization; diurnal temperature range (DTR); China; Yangtze River Delta; synoptic

weather patterns
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Synergistic Influence of Local Climate Zones and Wind
Speeds on the Urban Heat Island and Heat Waves in the
Megacity of Beijing, China

Lian Zong', Yuanjian Yang

(Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing University of

Information Science & Technology, Nanjing, 210044, China)

Abstract

Large-scale modifications to urban underlying surfaces owing to rapid urbanization have led
to stronger urban heat island (UHI) effects and more frequent urban heat wave (HW) events. Based
on observations of automatic weather stations in Beijing during the summers of 2014-2020, we
studied the interaction between HW events and the UHI effect. Results showed that the UHI
intensity (UHII) was significantly aggravated (by 0.55°C) during HW periods compared to non-heat
wave (NHW) periods. Considering the strong impact of unfavorable weather conditions and altered
land use on the urban thermal environment, we evaluated the modulation of HW events and the UHI
effect by wind speed and local climatic zones (LCZs). Wind speeds in urban areas were weakened
due to the obstruction of dense high-rise buildings, which favored the occurrence of HW events. In
detail, 35 HW events occurred over the LCZ1 of a dense high-rise building area under low wind
speed conditions, which was much higher than that in other LCZ types and under high wind speed
conditions (< 30 HW events). The latent heat flux in rural areas has increased more due to the
presence of sufficient water availability and more vegetation, while the increase in heat flux in urban
areas is mainly in the form of sensible heat flux, resulting in stronger UHI effect during HW periods.
Compared to NHW periods, lower boundary layer and wind speed in the HW events weakened the
convective mixing of air, further expanding the temperature gap between urban and rural areas. Note
that LCZP type with its high-density vegetation and water bodies in the urban park area generally
exhibited, was found to have a mitigating effect on the UHI, whilst at the same time increasing the
frequency and duration of HW events during HW periods. Synergies between HWs and the UHI
amplify both the spatial and temporal coverage of high temperature events, which in turn exposes
urban residents to additional heat stress and seriously threatens their health. The findings have
important implications for HWs and UHII forecasts, as well as for scientific guidance on decision-

making to improve the thermal environment and to adjust the energy structure.

Keywords: urbanization; urban heat island; heatwave
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AL, BEEFERRARDISR, X GE 5K 2015~2019 £E506 J5 W 3L 2
WAEA G, X IGIE 7 AT 13— 10 i FIBH 7T

R Womei; PomillE,; 76l
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ET CMIP6 AR B SRR Ik 8 AR 14k
XA

(TG R F K SOK B IR AR, m L 210098)

WE

IEERER, ZHREEMARESPISLFERm, 5% 1E 2 7 DLARRE R 1) 423Kk
PSR, BT I B SR AR I B e A BRAT A [ AR [ XA AR A BR AT T %%
W, AR 2019 AT AE B AR T TIWALRTKF B 288 7 K4 1.1°C. 1 E,
HEG MR (REHKEEHIX D, & AERSR AR R BUR AN 5 W35 L X 2 — . %
Xogaakid 2 100 A AZRE A R sm I X, 2 AR SR Ak A AR A5 i AN e T A
KIGHLIX o 1901-2019 4F, HEHEREFIGRE FF- T 1.27°C, DL s 5 A% O I K
BEHLIXAE 1960 4F 22 2020 4F (A5 sH ZoN2 H 2 5, P38 10 4FFHE 0.37°C. [AII il 45 42
BRI BT, e KA AR B, BB R S S 5 R I AR K A AR AN
hne 1961-2019 4, H B B il A AR EAHESA IR, o IR IR 2k &, i
H Bk S AR R A AR S e, Bl b bRt 22 1 b [X o B B AR (R AR L 5 P88
IKEAESE I 50 7 5 v S M X O 25 60 AR AFE P B B R E IR S, P4 10 GR35
10.4mm, [FB A XIS PE T R H A 250055 E TS SR S BRI A 25 i) 8 L4 %
9244 [ sk 2 DY () A R ), YR Z s N R AEAE NI RS R JE . RGBSR A
A5 AL FUAR AT RSB  FF FEAN 1) A L PR R 5 it AN — AR 1), 152 [ BRBUR (a1 3[R
S BG4 5F Wl

A I B A AR R 2 A R FRATTA IR S A AT BB BB EL T . 2016
F, 178 M2 7 LRI NS AR (B2 E ) (The Paris Agreement) il 78 1K 4Bk
SPERREHT DAL H BRI IR 2 SRR LA, I PRRE LT IR HI7E 1.5
T CRE LAPY o A A 2 AT T — 1T DA ) T EORABEAAN [F) S AR AT 5 R AR I AR
tho BN LEITRI (CMIP6) & BUR RIS A% A4 & 123 i 2 (IPCO)REAT S %A 1L

S PEAL I E ERL AR o B T AR AN Al AEEAR KA 2 1, RGTVPAL 3T
CMIP6 75 i i J b X 1) )77 S A A AR AR 7E R R AN R L a2 0 5 B 2k (SSPs) f 5
N AR AR A TG AT TR R XS AR R IR B G B AR AR
CMIP6 1] 16 MMzl 1901-2010 41 B S AEAEl (5 CRU MMIRTELD AT 3 ASAS[R] i
TR FE IR 26 5 LA SRR & 155t (SSP126, SSP370, SSP585) (1) 21 28 A ke ity S i AR
AT AT 73BT » VTA 75 78R o b, XA [ S 308 7 22 A DL o 7 7 2 4 AR A o AR P s
PR, PRI A e PEREAT B4k, 25 th 7 i th XA [R] 1 5% AR B K AR 1L
Ho GERFRI CMIP6 5 ik 75 VP 7K 55 DX 458 I3 e B A, 17, ARk X =R A
Y35 S ISE S, HEBUE o IR AR I R A s B3 . BEAk, DU s 2 S 1 2
FART Z R A R TR R SRS 5 N KIS SRR E AR R B 1oy &
B R

REEE: WPKIE; HEE i fifh; CMIP6

* E-mail: zhuliu@hhu.edu.cn
118



R X =X TPUE CO, R8RS R 43 R 53

AR, a4, wok s, R

(1. PESZRA R R E RS E R E S, b 100081; 2. MRS R TR KSR K ETRBUE
S RIG5H F G, AR 210044 3. HESGRSER R TR /B RSO, LR 100081)

WE

TEABRARIEY 5 N, JRHh 2= 5 17800 0 5 S WS IR s ) B G S A PE AR A Tl Al A ok 42 kA
BE A2 B2 Hh ok 2 G 8 1E o BF 0 AR T Hb X RR TR (9 SR R AE AR SCR A R AR a8 5K
BCC_AGCM2.0 W7 1 CO2 WRFETRAL N TAVALFI K1) 4 A5 RO IX ) = B, I 55 fif
e S AG 0 N4 BT AT . ARER, DU COL 5l R R WHLIX A 2= fE7E 40°N DARS
Wb, TMAE 40°N PAAGHE N, I s 5 v e > S 8%, B ARG i nT
15 6%UL b o ARz FEAE AR AL X AR 5 ey TGN 10% DA b, T s i 0 e R AR T T e
SR 2R, BB N 12%. R ISP RS 2800 T 0.74%, (R &30 7 0.38%,
R IR T 0.38%,  HLARmm R 508 R (AR e, e PR R Y

RUAFE XIS LEVIRE CO, 58I T IARUANE, A SCHE pi 24 1 H B 1) 75 6 s i b
X. M AMARIX MK ENm s B2 . HEEEN K ELUAHE, Sa28 il
FERIE N | A8 e SRR N T N 6.56%, -4.45%F1 2.11%. Fg 5 HLIX % = B AR AL AR R
Wi 87 ] ST I N R 2 50 0.77%, -6.11%H1-5.34%, 15 2= B AR AE PRI L . A8 0 2 1
S S 3R 2.92%, -3.51%F1-0.59% 0 ZR AL X IS 25 B AR AL AE PR 87 L i i 5 A0 A e
43 3 09-1.59%, 8.73%F1 7.14%, 151 25 5 AR A0 AE PR 7 g i J87 L 1l 12 7 5331 2910.80%
1.21%1 2.01%. &7 5 E R E s w2 it s = S48, HAXEBNKsBAE s
AR A3 A Y

AN A X 3 AR 2 B A 1 2 i (R A e T R AR AN K AR 128 4k . PRI SR 850
hPa Kb g 75 H X 3658 T MIREE BBk AR, FRE R ACTE SR SBE TS B3 s, 16 e /7 1 X
Kz EIG N AR AL XA = S bs A2 R IG5 2 M. PRIRR, 20°N PUEEE K
SHIBEIR LA R 30°N ~ 40°N 3213 B T Hash58 S8 T 200N Lk 2 KSR SR EE A
KEm R ; 18mN R, 40°N DLF i B N yteshisaflm 2 KR EM NS 8w 2
KAMSTRRE L = B kb, 1 400N LA R i 2 159 2 B g b KR s, RS
R FAR, FEEERSAERNEE L &= =,

ZR 7 b (X PR I8 R I8 25 58 30 9 9 2 AR 25 A o 5 AR AL RIS, i 5 i A8 A e e 2= 5
BN T . PR KBRS = EEE N 5 8-0.72. -1.08 F1-1.80 W-m?, K
1E 4 £ COy 938 N R X 1 = KT SAE RGA U e s i M7 A ARIE=AN X
3P 2 5 0 2 A R S R ) 187 R AT R S 5 i 2 5 A AR K 43 5l -6.74.6.11 Fi1-7.49 W-m”
2, DR JE A AR L X 1 = A8k o B s i, R 7 LX) = AR R TE R 5

KEEE: mE; COy PN 8N
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LR HREXSZESFJREU ST

WA, B

AbFIMYE R, Jbat 100875)

WE

Tt R AR A A AR IR BG4 2 22 55 B RE M 7] DL o N2 R0 5 AR A 7 SR FY KU
PEMERA S . WUNAEAE R B BIRR A URAE 2. 2B UEEIL (Global Climate Models,
GCMs) AL ARAE B ] LS R RS &, U AL SR ik HE . 5
H AT GCMs 8840 H (1B 2 0 HER I, 23 6] 73 M3 4E 100km Zids, INFIR]» #6208 H Bl
HRE, SHREEERPGEMARIREE (HEEE BN RE, 0.1~10 km 73 #13)
FEI 28 R EH T ANILEC . PRI AR 258 I EOR T B R R REERI RS SR AR 1 S e
Jri b B i RORE AR ARG 55, XA IT iR PR B TV o T R RUBE TR AT BA 2 3
DI RJEMGETHRE R R R . BENLR AR A e — M EERM ST BERETE, T e
AEAE ISR, FELAR BAESE T RRAE AR LA T 52 bRl Zo s i it 1] Fe 47 BELR UK AR
B NG AR SR A L R AR R AR AE BN 45 & R RBER S M 55 AR L R AR R UK AR 2 - A
T H R b =R AR AR A R R ok i H R R AR A G, Tk R, gt —
LA LRI R SRS I 8. WFFTAE A 1967-2012 SEBTTIRIR 82 AN Rk i
A BE KR, H s G H sl EE, WIEARGTHRIE . BERAE . FRF . iR
POR S IR ZER . AR Sk A AR SRS T, 0 EE VRl =M 2l i H R R UK A%
EHS (EOFA (Empirical Orthogonal Function Analysis) +HHT (Hilbert-Huang Transform) +SS
(Stochastic Simulation) ). TSWG(Two-stage Weather Generator ) #1 MulGETs( Multisite weather
GEnerator) 4D 220k il H R B /K MR RE ). e, EHS BB M A5 1EAZ 701
A SRS - BRI U, PR A RN 25 70 5, REAS ARG, 7R A R AT
BEHLIEALL: TSWG FALE — PP IR AR, 55— 2D A sl Bl s O P AU B, 28—
AR shuffle 757%, A8k R 800E B 5SS BEE KU A5 ARFAE ;. MulGETs #84 f2 41 H
7 B BEATL A A B0 45 S B A S A AH OCHFAE . 25 3R (1D FERE/K T, ARACT HAR B A
B, EHS BAVEILARGIRAE, SOKME, 23 (AAH A lag-1 I 8] B AR OG5 TH A7 54 AR AL
RUR » MulGETs A5 R AR AR H B /K 8 4% AL HH S % 5 ThT A AR A ORI RCR , =M RIAE 95th
H /K B AT H R A frd s (2) fESIRJ7 T, BHS BEATE ARG IMRHE, )
{BL, A TA) AN (R AH S A% 77 T A AR 4 BOREROR, TSWG R RUEREIIME, 95th 70 Rr A
(A AH S T A IR GF R, MulGETs AU S {E LA Uf o LS SRR, = AMBEAY
H, EHS A RERLINRE KA UIR T T, A R RIRAROR - 7£4 5 AT FEH, W RA4KELTT
K EHS B, ¥ RRERSYSEMSHE S, KRAFRMRAKES, AU
i e I R A XURS: TP A 12 L Al o

KRB RAUKES: GHFERE; B

* E-mail: fanconghui@mail.bnu.edu.cn
120



bk B F X3S £ PRI RE AL E1IE S0 R

{Ejiﬁl*y )%XZ’ )?E]ifFS, TimLi4’5

(1. BRARFHIREESEH TR, M 5114425 2. FUENTT RS AR IR0t 3. HERBFE R RSY
BT LASG, 4bxt, 100029; 4. B R{E B LR RAEESBE, FAl 210044; 5. IPRC, University of
Hawaii, USA)

WE

525 B 7K A R X K BRI ) 3 R P AU AR SRR AOURT Tl 85 2R — Boh &
Ny AURARRR TS S AL AR X A K B8 2, (BAESe T KX N K R, 2
L 26 m) HE R SRR AE . A FER ] CMIP6 $2 451 30 MR B it sl ae 25 3, xh stk
SRR KBTI T KRGS W, REoR, W-AFZR R EEK I3 2 1 B R /& K
SRIRE B2, M bS53 KU KD 1) B SR R AR SR THE SRS . B UKIR
B R TR MY 2 IR OB TR IEAR, (BSR4 6T XX 5 &
BTHEEN B F ST . AWFFRH CMIP6 ] 42 NSRS CO IRETRIY 4 k5 Ls
Ry Hg COp MRELT s G RN 73 82 Dy PR ST J52 9 8 73, G m PR S i o 1 AR
TR AR I BLH CO ELRAR S i 3 (R AL AL, 1800 ML H A AL iR 3 B S A
o di R &R, ESRFERIX KGR EIHTHE SRR AR 10 N A 48 & 25 0885, FLikgs
TEPEAR =, VLR COo MY ELHEAR S 90 MIARIR AL A T8 56 = XU K I 55 %A1 K24 — 1 5t
Bho % T BRE-EP KRR i R I KRG, 76 COL R EEFF i B HER A 9808, 1% Kbk 1 i1
TR A PR S B B T2 PRI, T AR 17 B SRRt G s Ao 5 3 AU UL s 5 e R 7
Mo AR I SR TR TR AL K P - AR S T RX AR S 6 THE s AR . B
i S LA (B S5 R B AR R, 18 i S B (iR AL R DLW & “ El Nino” 4% [H] 4544,
RTE AV AT T v W P52 P S g T me AL 00, AT PR ] 1 2 Rl 4 5 17 b SR XX 4%
2, BB HIES IR TR . FEAERARRR T SR, LT A e I 5 S U 95 1T B K P
R v T i PS5 ) AR et L PR 1 A 2 i 7 5 b A R IRk K 1) 2 1) AR 24 B i o A
fE—2s

KEEE: CMIP6; HE X P
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RCP FR AR FAREBR R G R HE 3K F IR

HEB", ZERL AFEZ, HaE . i
(1. W BIRXAMES G, FEATERE 0100515 2. WMALERESTTRELR, B2 066001)

WE

T [ g 2% HH S e 52 W BIE 9T T AR TR 4 HE R D 0.46°% 0.46° 1) IX I A L CCLM
(COSMO model in Climate Mode, COSMO-CLM) Tiifi ({5 x4k ¥, %F b b 1961-
2005 AP S BRI A 72 N E AR AT CCLM A5 A AL ) [R) BA IR A0 4 7K 3L
W, KRR A2 A AR BB T L, MG CCLM AR 6T A 52 1y BT A a1 240 AR AN P K
78 H REE R ERRERNGE /1, R8T T RCP2.6. RCP4.5 fil RCPS.5 155 N N 5% i #{ii]
IR 2011-2100 V34 SR A BFEKAEF AP 2= R ERARARRIE. SRAH BP N T AHHZ W 25 5
M, T SKIE PR K o 19612005 EIE A B 5dE, B BKSE 2 H K%
Z, LA 1971-2000 FNFUERT, Fiflis#T T RCP2.6. RCP4.5 Al RCP8.5 15t N s itk Sk
TEP K 2011-2100 RS, AR AR SRR A0 R ISK BHIR 1) P RESEIR, oK
POURE B AR AR, XK IR E R, AR AT TR R B A A EEE . 245
RE:

(1) XA CCLM % P9 5 Bt 3 3 SR A F R EE A A R EH AR R
UFIREALRE 71, AR AAE ¢ R AR IR 47, TTIL CCLM A X LI s 7 MR AL 3 g
5 1R Gy M AU, P 55 o 3 L P T 2 AR AN B K 1) 25 (8] 3 A A SR, 78 PR 56 BT A B I
FTES

(2) RCPs 15t I, 2011-2100 4F N 58 15 S LA PR 2 miE %, FHERIEEITE
0.1~6.6°CZ [A], H.:H1 RCP4.5 1 RCP8.5 15 M A& E#E (P<0.01), H RCP8.5 {5
TR, 90 fEFHE 5.4°C; KRR TIEAIAHE, BHEEE-251~
38.7%2. ], H.A1 RCP2.6 F1 RCP8.5 &5t 3 WS/, 1 RCP4.5 1550 T U 2055 0
R

(3) RCPs 15t I, 2011-2100 4F PN 58 15 s s VU 2= 3 SR A B E s, H
W RCPS.5 i 5 NI I i % (EFT0Ac b, AT WMIRY R, RARBIERT A 3.2°C.
AR, AKRIA K 28N, Hd RCPS.5 1E 5 FIELS NEK, 4 HATE 18.6%-
6.7%F1 15.4%; HBEKERFRERBMEEA—F, HF RCP2.6 = EMINEA,
RCP4.5 1A T4k, 1 RCPR.S st BIg/Dilash; EFETHM L, FREMKKNYIER
K, ZFIRZ,

(4) RCPs f&E 5, 2011-2100 4 P4 58 iy BV s A P38 i i S ek a9, o RCP8.S
SR/ D B, 90 fEIA/D 23.4%, 17 RCP2.6 Al RCP4.5 15 54> B /D 3.6%F1 2.7%.

(5) Rk 90 4, MIkFZTR E LI INA I BRI FIE SR EHAA—I, RCP2.6
TE S LAE IS, RCPA.S 1B 5UE 2070s BT LA AR T, Z SRS, 1 RCP8.S
1S LA A 32 AKZRTE 20508 BUCAIG NN T, Z G DA s =N LR R 3.

(6) ARW St B BB AR R T iy, K E AN B 3G sl s, (615
TP 2 U Rk R ek D e, A5 NS AT A /K BRI D, 30T A 5 ol BT 4K B
PRI AR R A R A BhAR, ol RCP8S BN, MllE. . KFRAKN, BF
R/ AT 5 1S A 5 oy BT K BE U5 AR A 20 B R AR AR Ak, H b R 2 3 U 0 s Tl 2 L

* E-mail: mengnan198704@163.com
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TR RO B BT AR KGN, 7T R S BUE KBTI FR, a2 AKRKEK,
Iz B K> S BRI, T Re S B HK FHR AL TR G IR, X b ) AR A
i RAH I

REEW: CCLM His; BP fH MR, NSl S fitdsl; ARt iilfh; KEIR

. AETE (RRAHL) WIF) 2021 £55 1 Bk %
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SARTAIHCT LR R MK EBTRIR N il

ZMAR T, xR, AR, R, KB

(1. RIS AL, B 430074; 2. EZEAMES G, b5 100081)

WE

KT Bk & 7 B AV 2 K, /KA Rz s L E, A EUKB I ki
TR, G DL =K B % O I AR ECR K EERE, 8 573 78 e b X FA AR i 3 B2 4
IS o SRTHT, H TR AR S B ARG 0, 51 /K YRR A a) FH 2% (8] 1 (1 5
oY E AR R AR, KT B K IR K B 3 AT B AT RE A2 B S A AR A IR Z B2
9T DAL e X 19 8 B T2 FR /K 22 K8, 1) FH i (9 28 7S 4 1 ol 5 A 2 L e )
(CMIP6) 14 NSAERTE 2 FIL =i S 2T A 5 (SSP245. SSP585) I Tifii &5
UKzl SWAT /K SCHE R SRR AR &, @A /KRR EERUR f s, fifh 1 21
A MFEAR AN = T KL BRI K 2R A e . 45 AR AN T AR R B
(1961-2000 =), 21 LKL FiF PR 2B s, BKERnkas, SSPS8s 1
5t R SSP245 1 5t AR TE K . SSP245 1& 5t T, 21 el #i-F 35 <R 7373l 7t & 2.0 1 3.1°C,
Bk 3N 4.0 A1 10.2%, 21 T2 R BP0 5: AT s 2.3 F14.9°C, BE/K 30 7.9 1 18.1%.
TIPSR AR AT AE W 23 () 22 57, VDT RNIRFe VL I R T v R B Kk 388 e g 24 K T
PP, SYTIRIE 21 e R DART R K o b3 . FAh KT B R a e &%
AP a s, 21 a8 mRmn 2.0%~4.7%, 21 2K 10.7%~16.0%.
bR EA DN /2 < ) 1| P (77 = 2 B e S S = 1 T = R (A 7= 1 Sy NP
JEE R 7K 38 o = R AR AR T HA AR S A, AN D s B9k K R AR AR At B B B N . AR K
oy KRR B S B BN, EIR R EARIE R BT, EaKE SRR, 1 21
20 AR B H B A R AR AR A 3G N 7E RS AR AR 5 R, 7K PR BT 15 T e AR TR B
58, TERNKZETIIRGS, ZKPELERHBT AL A VR K NS, T AR A 7K 2275900 R Ui B 48
R A S P S MR TS o TS RGO R R B B R G 1 5 A 1 DL S A A R AL
RE IR, Al & RAFE— B A EME, BiER TR NEW TRV ER, 1
T IX S A SR K B BRIt — B 55 . axsegh SR, R S AW
(PR 7K AU o 75 LA A 1) 26 5 SR DR B A D By 7K S AT RO, 5 o 2 I TP B A e 7
J 25 RN A AR 5% 2 T8 () P48 R B E T it hAh, IR SR gh BLR SR, I A 1K SR AR B
METEAR R ARG 5 NRA BTG, X B T3 MK BEE4ERR K . A3 P AN AT F AR
REVR A 7= 7 THI R 30

FREEE: TAh; KRR R KT
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ETEEENDE 21 HtE[EHESETEREMR

FhEF, KigH, R E
(FEARITYE R =M 5 IR R 552 Bt, 221 730070)

WE

SRR RE, 3R GOK S S A R R A B B, SECRGE TR K BRI R
A S H I, SRR R iR, B TR RS EUR, SRR R
MIPERKBEAG . BRI A BRARIE T 5 R, W70 R E AR AR A8 R AR R, X TR
AN T FRRFANEARA . B 9IRS e AR SIS A R . h4h, B CMIP6 f A
TLADL &5 SR 20 A0 R AT A S AL W0 R, AR W 9T P ik = 0 RSk SR 2R I A8
SRR s 5 BB TE SRR T A B R A A, (BRI 6 A B RSk AR AR AR AR
TSR LR Z o Rk, AT 7T 27 S T WA 6T CMIP6 16 AT A [ X I
I 2SR AT T RS FE VA, SR E N 8 KIX, IRl E I 8 MR BRI A
bR, FTE BJEIEIL 5 Mann-Kendall #3041, 6l T AR ZH S L5 EEE T (SSP2-
4.5, SSP5-8.5) ANENERE L (45, ) Hp[E 21 el KR 2= AR RRE S AR 71

SRR (1D CMIP6 K2 I EHE 2 (8] (1 — SR Rcs, 25 AR s T
I A RR,  H 2 MR AR A8 e e A RSO SE B e . R 7EPE L. Ph g i
XA AL RE SRR T Hofh X . (2) #EAE Tl #2 A AR dr i £ 21 1 b B AR 4
o 25 A3 A REAE o RS 8] b B AT B S A bt P 5 A S AR 4 A B A, B TR B R R
k. SSPS5-8.5 15t N MG IR R ARG B BH B = T SSP2-4.5 15t PR . ik 4
FIHRER R (3) [BPIFENSZERNL 2B ILR RS, B AR s, Hig
1 SIS A B B SIPER S A mEN . Hhd, MENEAZFERTE.
K%, HE. MENZNZ R E T, F£5E 5 B2 0w _ERES T &
Hahn, SSP5-8.5 1 & FIALFME KT SSP2-4.5 15 5 FINAT itk WM 5% R A8 S 43 31
SN RN SRS N . KER X XS IRB R R K, BEKFIRZ, EFHK
No (4 FIMFENEZNA F MR AR SSPS-8.5 &5t ik T SSP2-4.5 1#5t.
SENAR SR, PURG. IS X 2RSS, b X 2 nES . B KEM
FENBREBUHERTE., &F, & KELUWEALFERFERT. AEFENA,
5 DX 12 P 38 e v B ) R RS SR A AN D

ARICH CMIP6 a5 15 BB ARSS &, al i) o [ 4% XSRS 2S48 00 J AR
PERERDS, BERR 7 & X ARG 2 B &S, N Z0HE <R AR A e,
ARATI B A A = 1A T B S H M A .

KB CMIP6: <R Hifih: 15505

* E-mail: 2020212674@nwnu.edu.cn
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HT cMIP6 & F EHfEk B R FERNTIETL

g 7
(PHAEIHYE R, %M 730070)

WE

SARATS 52 R KSR AT ARG AR BB EZER .. KRN AR,
BB 2= M RK R E TS AR RGAEE B2, 5EATREAF, KA
WA TR ZEAFATERT E Lo 6 RAMKRE. IR ZE bR EZ =R s,
MEESIK E B A LR (CMIP6) MHIEEL 8 M, £ A P54t Bt
AR S A G LR AE SSP2-4.5 FII SSP5-8.5 155t 1 1 Hh B Z A 7% 1 PR /K & 1) 4 Y AR
ARA I B AR RFAE S8R5 TR Y IR () 40 A EAT 1 TGS 55, 5 78 5 A 1) 28
TEAGARBR T 5 A % X3k P e /K ) 20 S 0 e A8 Ak 1) o AF 465 SRR B : (1) 7E SSP2-
4.5, SSP5-8.5 15 I A [E B /K & I 4F PN AR R AR X 228 -3 23 7385 I 0.4 A1 0.5mm-day ™!,
B /K B )21 R AV S i . PR /K B I AF 9 AR IR 0 47 PR AR A 5B 2R AR AL, A B AR P11
FERKEAR T S AT R ES TREKELUAHE. (2) BKERFRE
MR 7E R AN [R) I DX (R AS R BA B G 2525 1 HA B0 1) 2 TR A SR U S LB a3, 32 T
R 7K B 3 N AN 22 B K AR/ INFITRE A 1), 38 n s bRttty DX Ay 2 3500 2 XU DX RO i g v L X
oK R R B WIE SR . SaE AT AR LG, K R K AR P AR ToUAh B S 38 s IS X 3
K, AFE SRS B, XTSRS AN . AN F X3 AE SSP5-8.5 1
SNSRI R K T SSP2-4.5 1 5t T B A=K S 10 2% 18] 4341 5 B /K B 14 N AR IR AR AL,
TFZRNIEARANAR 75 SSP2-4.5 Fll SSP5-8.5 HiflE 5~ M-K #3443 #1743 H AR [ 4R Y
A G 2 3 5 & 0.7027 A1 1.2218 mm- day 100 year ' GEITLE 95%H1 & 15 K F L &
EMERLD . (3) PEEFSAMLE 6-8 H T HMREA K2 30% (ZFW (35%)); HH
T AN [FINE DX 3 2 (1 B 1) A o 208 TSP 38, RSkt AR I A R 1T e 389 0 o A DX 38 5K
PEAbH X ARSI ZEFF AR BAA A3 aT, 2R AR, R AR, Al % H B mT
REMEROR: B R IR B 6-9 H, EFIXIEFESMTE 7-9 HWR 5531
FHEC BB IESS, 4-6 A REUNES, Rk Mim R AL R X FE A i AR s R
JuHh X A7 R X TR R EAE T 6-8 H, LUK T 50%LA E o A AR I 2% (10 4 Py I 1]
AR U P8, RRBWRN, FEERLE 1-RE2 H, B iErE 70%0 F.

REEE: CMIP6; [E/K; Z15PE, Fifh
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REFR T KILFEFHIETNSH

BRI, X80, BB, 28
(R XA A0, 1 430074)

WE

SBRARHE 5 KSR IGHA AR, S2mi K I 25 o Ak sy 2021 45 7 H, 1l
. EERIE far 22 55 E IS 500 @Bk, 7 H 20 Hinr A8 H K E (624.1
oK) IR 2019 K E (509.5 22K, 3ER™ E IR N . AR TS EdE B,
T AR 4k S HE SR 2 — 20 S B0 BRI I 5, w25 55 D 4 i b, DX S AT ) 1) i
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Tibetan Plateau warming response to transient and
stabilized 2.0/1.5°C global warming targets

Jintao Zhangl’Z*, Fangying Wu', Ziyi Cai', Qinglong You'

(1. Institute of Atmospheric and Oceanic Sciences, Fudan University, Shanghai 200438, China; 2. Chinese
Academy of Meteorological Sciences, China Meteorological Administration, Beijing 100081, China)

ABSTRACT

As “the third pole” of the earth, the Tibetan Plateau (TP) is a sensitive area for temperature
changes in the context of global warming. This study analyzed annual and seasonal mean near-
surface air temperature changes on the TP response to transient and stabilized 2.0/1.5°C global
warming targets based on simulations of the Community Earth System Model (CESM), and the
elevation-dependent warming (EDW) on the TP under the above scenarios was emphasized. A
surface energy budget analysis is adopted to interpret the mechanisms of temperature changes. Our
results indicate an amplified warming on the TP with a clear feature of EDW in 2.0/1.5°C warmer
futures, especially in the winter half-year. The TP warming relative to the reference period is
dominated by the enhanced downward longwave radiation, while the EDW is shaping by the snow-
albedo feedback. For the same global warming level, the temperature increments under transient
scenarios are ~0.2°C higher than those under stabilized scenarios, and the characteristics of EDW
exhibit a few discrepancies between transient and stabilized scenarios. Those differences can be
primarily attributed to the combined effect of differential downward longwave radiation, cloud
radiative forcing, and surface sensitive and latent heat fluxes. Our findings contribute an elaborate
understanding of the regional climate on the TP response to the Paris Agreement long-term climate
goals, and further highlight the significance of accounting for the differences between transient and

stabilized global warming scenarios in climate and cryosphere change studies.

Keywords: Elevation-dependent warming (EDW); Paris Agreement; Tibetan Plateau; Transient and

stabilized warming; Temperature
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Diurnal temperature range (DTR) in CMIP6

Xiubao Sun'’, Chunzai Wangl, Wei Lin', Guoyu Ren™’

(1. State Key Laboratory of Tropical Oceanography, South China Sea Institute of Oceanology, Chinese Academy
of Sciences, Guangzhou, China 510301; 2. Department of Atmospheric Science, School of Environmental Studies,
China University of Geosciences, Wuhan, China 430074; 3. Laboratory for Climate Studies, National Climate
Centre, China Meteorological Administration, Beijing, China 100081)

ABSTRACT

Climate change-driven the global terrestrial surface diurnal temperature range (DTR) decreases,
increasing the risks faced by ecological environment and human health across the world. Here, we
use the Coupled Model Intercomparison Project phase 6 (CMIP6) simulations to investigate the
potential reasons for the change of diurnal temperature range and how it will change in the future.
Over the historical period (1901-2014), the observational DTR in northern hemisphere decreased
by 0.24 °C, ~58% of the grids decreased significantly. Model experiments show that all DTR
declines can be attributed to the potential effect of increased forcing by anthropogenic greenhouse
gases. Even if current warming rate does not accelerate, changes in the DTR will still be exacerbated
in the future. Under the background of anthropogenic emissions increase markedly (the shared
socio-economic pathways 245 and 585), the DTR in northern hemisphere will decrease by
0.28~0.45 °C compared with that in 1901 by the end of 21™ century. The decline of DTR is mainly

concentrated in arid and mid latitude regions.

Keywords: CMIP6; projection; attribution; diurnal temperature range (DTR)
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