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The Goal of Paris Climate Agreement
“Holding the increase in the global average temperature to well
below 2°C above pre-industrial levels and pursuing efforts to limit
the temperature increase to 1.5°C, recognizing that this would
significantly reduce the risks and impacts of climate change”.
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The impacts of global warming of 1.5°C shou be assessed.

(IPCC 2018)
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Traditional scenario-based climate projections

(IPCC AR5)
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SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

With every increment of global warming, changes get larger in regional
mean temperature

IPCC AR6 Figure SPM.5
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1.5°C and 2°C global warming projection

◆ Reduced exposure to extreme precipitation

◆ Avoided impacts of heat extremes over EA
◆ Record-breaking events in Africa
◆ Impact of Global Warming on Aircraft Takeoff Performance
◆ When and how will the Millennium Silk Road witness 1.5C
and 2.0C warmer worlds

Monsoon impacts a large part of the world

Global monsoons
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Definition of global monsoon domain
1. Monsoon Prec. Intensity:
(a) Annual Range: Local summer Minus Local Winter Prec.
AR (Annual Range) = PRJJA-PRDJF (in North Hemisphere)
PRDJF-PRJJA (in South Hemisphere)
(b) Area averaged local summer Pr at each grid within the monsoon domain

NHMI: NH-JJA “monsoon” precipitation
SHMI: SH-DJF “monsoon” precipitation
GMI: NHMI + SHMI
2. Monsoon Domain：
AR >180mm and >35% Total annual rainfall

(Wang and Ding 2006 GRL)
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Global monsoon domains

(Wang and Ding 2006 GRL)

9

2/3 of the population are
affected by monsoon

⚫ What are the climate impacts of half a degree global warming increment?

⚫ What are the avoided impacts and reduced risks at 1.5 degree warming compared
with 2 degree?
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Indian Flood: 2014.09.1

http://i.dailymail.co.uk/i/pix/2014/09/1

Japan: 2018, 6.28-7.9

https://tse1.mm.bing.net/th?id=OI
P.KX4cGHSTWUR9VEp0_8gnQHaEd&pid=Api&rs=1&p=0

https://bousailog.com

SIXTH
ASSESSMENT
Heavy
rainfall
in ShanxiREPORT
of China on 2-6 October, 2021
Working Group I – The Physical Science Basis

Fenhe River in Shanxi burst its bank on October 9,2021

Railway bridge damaged by flood in Shanxi on October 7, 2021.

Precipitation even exceeded 200 millimeters

About ~1.75 million people affected; more than 20,000 residents have been relocated after the heavy rain
(China Daily News)
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Extreme Precipitation

04 pm, 08 July, 2016, Wuhan, China

8 July, 2018, Japan（source：The Atlantic）

http://assets-cdn.ekantipur.com/images/third-party/natural-disaster
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Accumulated extreme precipitation in observation
R95ptot

Large contributions of extreme precipitation in monsoon domain
Accumulated precipitation on very wet days with daily precipitation exceeding the 95th percentile on wet
days (R95ptot) for GPCC in 1998-2011

15

What are the reduced exposure to extreme precipitation in 0.5°C less warming?
◆ Daily precipitation data:
•

27 CMIP5 models: historical + RCP4.5/RCP8.5
We compare the worlds under 1.5°C and 2°C warming in CMIP5 models

◆ Population:

•

Gridded Population in 2000 (NASA Socioeconomic Data and Applications Center)

•

Projected 21st century population under Shared Socioeconomic Pathways (SSPs)

◆ Extreme Precipitation index: RX5day

Zhang W., T. Zhou*, L. Zou, L. Zhang, X. Chen, 2018: Reduced exposure to extreme precipitation by 0.5°C less
warming for global land monsoon regions . Nature Communication 9, Article number: 3153 (2018). doi:
10.1038/s41467-018-05633-3
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The leading EOF of RX5day in CMIP5 RCP8.5 Projection

Increasing trend is evident in global monsoon domains except for N. American monsoon
Zhang W., T. Zhou*, L. Zou, L. Zhang, X. Chen, 2018: Reduced exposure to extreme precipitation by 0.5°C less warming for
global land monsoon regions . Nature Communication 9, Article number: 3153 (2018). doi: 10.1038/s41467-018-05633-3
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Response of RX5day to global warming

Zhang W., T. Zhou*, L. Zou, L. Zhang, X. Chen, 2018: Reduced exposure to extreme precipitation by 0.5°C less warming for global land monsoon regions .
Nature Communication 9, Article number: 3153 (2018). doi: 10.1038/s41467-018-05633-3
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Response of extreme precipitation to warming in CMIP5 Models
PDF of Rx5day over global land monsoon region

Once-in-10/20-year events derived
from Generalized Extreme Value
(GEV) distribution

dangerous extreme
events with high
social impacts

Two kind responses of extreme precipitation
• Increase in mean state (shift of the distribution)
• Increase in variability (widening of the distribution)
Zhang W., T. Zhou*, L. Zou, L. Zhang, X. Chen, 2018: Reduced exposure to extreme precipitation by 0.5°C less warming for global land monsoon regions .
Nature Communication 9, Article number: 3153 (2018). doi: 10.1038/s41467-018-05633-3
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Changes in return periods under warming conditions
Return periods of historical (1950-2005) once-in-20-year Rx5day events
+1.5℃

17.5yr

+2℃

14.9yr

+3℃

13.1yr

+4℃

11.4yr

(unit: year)
shorter return period

longer return period

Shorter return periods for dangerous extremes are expected under further warming conditions.
Zhang W., T. Zhou*, L. Zou, L. Zhang, X. Chen, 2018: Reduced exposure to extreme precipitation by 0.5°C less warming for
global land monsoon regions . Nature Communication 9, Article number: 3153 (2018). doi: 10.1038/s41467-018-05633-3
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Increases in exposure with global warming levels
Land exposure

Population exposure

Linear
extrapolation

once-in-10-year events
once-in-20-year events

• Consistent increases
in exposure to
dangerous extremes
with warming
• Nonlinear increases
for warming higher
than 2℃
0℃

4℃

Zhang W., T. Zhou*, L. Zou, L. Zhang, X. Chen, 2018: Reduced exposure to extreme precipitation by 0.5°C less warming for
global land monsoon regions . Nature Communication 9, Article number: 3153 (2018). doi: 10.1038/s41467-018-05633-3
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Increases in exposure with global warming levels
1.5℃ vs. 2℃: avoided impacts for global land monsoon region

once-in-10-year events
once-in-20-year events

Avoided Impact =

EXP2°C − EXP1.5°C
× 100%
EXPpresent−day

•

Avoided exposure: ~20-40%

•

More remarkable avoided impacts for
more intense extremes

Zhang W., T. Zhou*, L. Zou, L. Zhang, X. Chen, 2018: Reduced exposure to extreme precipitation by 0.5°C less warming for
global land monsoon regions . Nature Communication 9, Article number: 3153 (2018). doi: 10.1038/s41467-018-05633-3
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Avoided impacts: regional hotspots

South African, South Asian, and East Asian monsoon regions would benefit most from the 0.5°C less warming.
23

Interim Summary 1
1.

Both the mean state and variability of extreme precipitation would increase with warming,
corresponding to the rightward shift and widening of the PDF, respectively.

2.

Shorter return periods for dangerous extremes are expected under warming conditions,
leading to increases in both areal and population exposures to dangerous extremes.

3.

The 0.5°C less warming would reduce areal and population exposures to dangerous extreme
precipitation (once-in-10/20-year) events by ~20-40%, for the global land monsoon region.

4.

South African, South Asian, and East Asian monsoon regions would benefit most from the
1.5°C low warming target, in terms of reduced exposure to dangerous extremes.

We highlight the benefits of the 1.5°C low warming target in terms of lower exposure to
dangerous precipitation extremes for the populous monsoon regions.

Zhang W., T. Zhou*, L. Zou, L. Zhang, X. Chen, 2018: Reduced exposure to extreme precipitation by 0.5°C less warming for global land monsoon regions .
Nature Communication 9, Article number: 3153 (2018). doi: 10.1038/s41467-018-05633-3

1.5°C and 2°C global warming projection

◆ Reduced exposure to extreme precipitation

◆ Avoided impacts of heat extremes over EA
◆ Record-breaking events in Africa
◆ Impact of Global Warming on Aircraft Takeoff Performance
◆ When and how will the Millennium Silk Road witness 1.5C
and 2.0C warmer worlds

Heatwave & wildfire in Chongqing , drought in Boyang Lake of China (Aug 22, 2022)

https://www.sohu.com/

CESM Low-warming experiments
Total carbon emissions trajectory

Annual global mean temperatures

◆1.5degNE: stabilizes in 2050 at 1.5 ◦C above pre-industrial levels
◆2.0degNE: stabilizes at slightly over 2.1 ◦C, reaching 2.1 ◦C by 2090.
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Sanderson et al. (2017)

Extreme high temperature indices
1.

TNX3day: highest 3-day mean daily minimum temperature in a year

2.

Heat Wave (HW): defined as the longest period in a year satisfies these conditions
(1) The daily maximum temperature must be above T1 for at least 3 consecutive days
(2) The average daily maximum temperature must be above T1 for the whole period
(3) the daily maximum temperature must be above T2 for every day of the entire period.
T1: 95th percentile of the distribution of local summer maximum temperature in the simulated
present day climate
T2: 80th percentile

✓Baseline period of 1976 -2005 is referred to as the present day.
✓The pre-industrial period in this study is 1850-1920.
✓A period of 2071-2100 represents for the 1.5°C and 2°C warming period relative to pre-industrial
levels.

Li, D., T. Zhou, L. Zou, W. Zhang, and L. Zhang (2018), Extreme high-temperature events over East Asia in 1.5°C and 2°C warmer futures: Analysis of
NCAR CESM low-warming experiments. Geophysical Research Letters, 45. https://doi.org/10.1002/2017GL076753.
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Changes of surface air temperature over East Asia

⚫ Regional mean SAT over East Asia will increase 0.2°C larger than global mean by the end of
21st century: 1.7°C at 1.5°C warming level; 2.3°C at 2°C warming level
29

Changes of surface air temperature over East Asia

⚫ Stronger warming: northwestern China, Mongolia and parts of Korean Peninsula and Japan
⚫ Weaker Warming: eastern China
Li, D., T. Zhou, L. Zou, W. Zhang, and L. Zhang (2018), Extreme high-temperature events over East Asia in 1.5°C and 2°C warmer futures: Analysis of
NCAR CESM low-warming experiments. Geophysical Research Letters, 45. https://doi.org/10.1002/2017GL076753.
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Changes of surface air temperature over East Asia

Li, D., T. Zhou, L. Zou, W. Zhang, and L. Zhang (2018), Extreme high-temperature
events over East Asia in 1.5°C and 2°C warmer futures: Analysis of NCAR CESM
low-warming experiments. Geophysical Research
Letters, 45. https://doi.org/10.1002/2017GL076753.
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Changes of TNX3day
2°C-1.5°C

Population-weighted Regional mean changes

Take population density into consideration, changes of TNX3day will have much larger impact on eastern
China, Korean Peninsula and Japan than other regions.
Li, D., T. Zhou, L. Zou, W. Zhang, and L. Zhang (2018), Extreme high-temperature events over East Asia in 1.5°C and 2°C warmer futures:
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Analysis of NCAR CESM low-warming experiments. Geophysical Research Letters, 45. https://doi.org/10.1002/2017GL076753.

Changes of Heatwave

Hot Spots: Korean Peninsula and Japan.
Li, D., T. Zhou, L. Zou, W. Zhang, and L. Zhang (2018), Extreme high-temperature events over East Asia in 1.5°C and 2°C warmer futures:
Analysis of NCAR CESM low-warming experiments. Geophysical Research Letters, 45. https://doi.org/10.1002/2017GL076753.
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Avoided impacts of 0.5C less warming

Li, D., T. Zhou, L. Zou, W. Zhang, and L. Zhang (2018), Extreme high-temperature events over East Asia in 1.5°C and 2°C warmer futures:
Analysis of NCAR CESM low-warming experiments. Geophysical Research Letters, 45. https://doi.org/10.1002/2017GL076753.

The largest avoided impact is seen in Mongolia.

Li, D., T. Zhou*, L. Zou, W. Zhang, and L. Zhang (2018), Extreme high-temperature events over East Asia in 1.5°C and 2°C warmer futures:
Analysis of NCAR CESM low-warming experiments. Geophysical Research Letters, 45. https://doi.org/10.1002/2017GL076753.

Interim Summary 2

1.

Most populous subregions, including eastern China, the Korean Peninsula, and Japan,
will see more intense, more frequent, and longer-lasting extreme temperature events
under 1.5°C and 2°C warming.

2.

The 0.5°C lower warming will help avoid 35%–46% of the increases in extreme hightemperature events in terms of intensity, frequency, and duration in EA with the
maximal avoidance values (37%–49%) occurring in Mongolia.

Li, D., T. Zhou, L. Zou, W. Zhang, and L. Zhang (2018), Extreme high-temperature events over East Asia in 1.5°C and 2°C warmer futures:
Analysis of NCAR CESM low-warming experiments. Geophysical Research Letters, 45. https://doi.org/10.1002/2017GL076753.

1.5°C and 2°C global warming projection

◆ Reduced exposure to extreme precipitation

◆ Avoided impacts of heat extremes over EA
◆ Record-breaking events in Africa
◆ Impact of Global Warming on Aircraft Takeoff Performance
◆ When and how will the Millennium Silk Road witness 1.5C
and 2.0C warmer worlds

• Model data: CESM low warming experiments monthly data
• Extreme events: historical record-breaking climate events examined are:
(1) Extremely hot 2015 over Africa
(2) Extremely hot DJF 2009/2010 in North Africa
(3) Extremely high February 2000 precipitation over southeast Africa
(4) Severe drought of 1991/92 over southern Africa

✓Baseline period of 1976 -2005 is referred to as the present day.

✓The pre-industrial period in this study is 1850-1920.
✓A period of 2071-2100 represents for the 1.5°C and 2°C warming period relative to pre-industrial levels.
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CESM Low-warming experiments

◆1.5degNE: stabilizes in 2050 at 1.5 ◦C above pre-industrial levels
◆2.0degNE: stabilizes at slightly over 2.1 ◦C, reaching 2.1 ◦C by 2090.
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Sanderson et al. (2017)

Likelihood of extreme events over Africa

Shadings show 10%-90% confidence intervals derived from bootstrap

• 2015 extremely high temperature over Africa
- 1.5oC: 91% (88%-93%)
- 2oC: 100% (100%-100%)

Nangombe S., Tianjun Zhou*, Wenxia Zhang, Bo Wu, Shuai Hu, L. Zou & D. Li: Record-breaking climate extremes in Africa under
stabilized 1.5C and 2C global warming scenarios. Nature Climate Change (2018) doi:10.1038/s41558-018-0145-6
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Likelihood of extreme events over Africa

• 2009/2010 DJF extremely high
temperature over North Africa
- 1.5oC: 11% (9%-14%)
- 2oC: 30% (28%-34%)

Shadings show 10%-90% confidence
intervals derived from bootstrap

Nangombe S., Tianjun Zhou*, Wenxia Zhang, Bo Wu, Shuai Hu, L. Zou & D. Li: Record-breaking climate extremes in Africa under stabilized
1.5C and 2C global warming scenarios. Nature Climate Change (2018) doi:10.1038/s41558-018-0145-6
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1991/92 Southern Africa drought
• Ts and Pr used as proxies for drought
• 1991/92 DJF extreme low precipitation
over southern Africa
- projected to be rare in future scenarios
- Consistent with the multi-model
projections in CMIP5 over same area

• 1991/92 DJF extreme high temperature
over southern Africa
- 1.5oC: 74% (70%-78%)
- 2oC: 98% (97%-100%)

Regardless of the insignificant precipitation change projected, excessive warming alone
might increase the probability of similar droughts occurring in warmer worlds
Nangombe S., Tianjun Zhou*, Wenxia Zhang, Bo Wu, Shuai Hu, L. Zou & D. Li: Record-breaking climate extremes in Africa under stabilized
1.5C and 2C global warming scenarios. Nature Climate Change (2018) doi:10.1038/s41558-018-0145-6
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Avoided impacts of 0.5CAvoided
less warming
impacts
• Half-degree less warming will
2015 heat wave

reduce the probability of heat
event occurrences by:
- 10% (7%-12%) for events similar to
that of 2015 in Africa

1991/92 heat wave

- 25% (20%-29%) for high
temperatures with magnitudes similar
to that during 1991/1992 southern

1991/92 rainfall

African drought

Nangombe S., Tianjun Zhou*, Wenxia Zhang, Bo Wu, Shuai Hu, L. Zou & D. Li: Record-breaking climate extremes in Africa under
stabilized 1.5C and 2C global warming scenarios. Nature Climate Change (2018) doi:10.1038/s41558-018-0145-6
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Interim Summary 3
⚫ Limiting end-of-century warming to 1.5 °C is suggested to robustly reduce
the frequency of heat extremes compared to 2 °C in Africa.
⚫

Limiting warming to 1.5oC instead of 2oC is projected to reduce the

probability of heat event occurrences by:
---10% (7%-12%) for events similar to that of 2015 in Africa
---25% (20%-29%) for high temperatures with magnitudes similar

to that during 1991/1992 southern African drought

Nangombe S., Tianjun Zhou*, Wenxia Zhang, Bo Wu, Shuai Hu, L. Zou & D. Li: Record-breaking climate extremes in Africa under stabilized
1.5C and 2C global warming scenarios. Nature Climate Change (2018) doi:10.1038/s41558-018-0145-6
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1.5°C and 2°C global warming projection

◆ Reduced exposure to extreme precipitation

◆ Avoided impacts of heat extremes over EA
◆ Record-breaking events in Africa
◆ Impact of Global Warming on Aircraft Takeoff Performance
◆ When and how will the Millennium Silk Road witness 1.5C
and 2.0C warmer worlds

Relevant paper list

Impact

So!, continued efforts to limit warming to 1.5 °C offer considerable
ofbenefits
Global
Warming
on extremes
Aircraft
Takeoff
in terms
of minimizing heat
and their
associatedPerformance
socio-economic impacts across Africa
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Zhou T., L. Ren, H. Liu, J. Lu, Impact of 1.5°C and 2.0°C Global Warming on Aircraft Takeoff Performance in China, Science Bulletin (2018), doi: https://doi.org/10.1016/j.scib.2018.03.018

HAPPI: Half a degree Additional warming, Prognosis and Projects Impacts

⚫ Data: HAPPI provides a framework for the generation of climate data describing

how the climate and in particular extreme weather might differ from the present
day in worlds that are 1.5 C and 2 C warmer than preindustrial conditions.
⚫ Three sets of 10-year long time slice simulation with the ECHAM6.3 model, each

set of simulation consists of a large ensemble of 100 realizations:
1.

The first is the current decade (2006–2015) experiment;

2.

The second is 1.5C warmer than pre-industrial (1861–1880) conditions

experiment relevant for the 2106–2115 period;
3.

The third is 2.0C warmer than pre-industrial (1861–1880) conditions experiment
relevant for the 2106–2115 period.

Zhou T., L. Ren, H. Liu, J. Lu, Impact of 1.5°C and 2.0°C Global Warming on Aircraft Takeoff Performance in China, Science Bulletin (2018), doi: https://doi.org/10.1016/j.scib.2018.03.018
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Relevant paper list
中国七大机场的极端高温变化
Daily maximum temperature at 7 airports

Black：present day
Blue：1.5C warming
Red：2.0C warming

49
Zhou T., L. Ren, H. Liu, J. Lu, Impact of 1.5°C and 2.0°C Global Warming on Aircraft Takeoff Performance in China, Science Bulletin (2018), doi: https://doi.org/10.1016/j.scib.2018.03.018

Increase of weight restricted days due to half a degree global warming increment

The number of weight restriction

days will increase significantly at
some airports

Blue：present day Blue：1.5C warming

Red：2.0C warming

Zhou T., L. Ren, H. Liu, J. Lu, Impact of 1.5°C and 2.0°C Global Warming on Aircraft Takeoff Performance in China,
Science Bulletin (2018), doi: https://doi.org/10.1016/j.scib.2018.03.018
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Interim Summary 4
⚫

The mean summer daily maximum temperature,which is a major factor that affects the flight through
changing the aircraft’s takeoff weight, will increase significantly with magnitude less than 1.5C over
most parts of China except for the Tibetan Plateau.

⚫

The half a degree additional global warming will lead to higher extreme temperature in the arid and
semi-arid western China, the Tibetan Plateau and the northeastern China, while the change in
eastern China is weak.

⚫

Five airports including Beijing, Shanghai, Kunming, Lasa and Urumqi will see 1-2C（1.4-3.0）C
higher daily maximum temperature under 1.5 C(2.0C) scenario. The half-degree additional warming
will lead to a shift toward higher extreme temperature in these five sites.

⚫

For both 1.5C and 2.0C scenarios, the number of weight-restriction days will increase significantly at
3 airports including Beijing, Shanghai, and Lasa. Urumqi will witness an increase of weight-restriction
days only in 2.0C future

Nangombe S., Tianjun Zhou*, Wenxia Zhang, Bo Wu, Shuai Hu, L. Zou & D. Li: Record-breaking climate extremes in Africa under stabilized
1.5C and 2C global warming scenarios. Nature Climate Change (2018) doi:10.1038/s41558-018-0145-6
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1.5°C and 2°C global warming projection

◆ Reduced exposure to extreme precipitation

◆ Avoided impacts of heat extremes over EA
◆ Record-breaking events in Africa
◆ Impact of Global Warming on Aircraft Takeoff Performance
◆ When and how will the Millennium Silk Road witness 1.5C
and 2.0C warmer worlds

When and how will the Millennium Silk Road witness 1.5 °C and 2 °C warmer worlds?

ZHOU Tian-Jun, Ning SUN, Wen-Xia ZHANG, Xiao-Long CHEN, Dong-Dong PENG, Dong-Huan LI, Li-Wen REN & Meng ZUO (2018) When and how will the Millennium Silk
Road witness 1.5 °C and 2 °C warmer worlds?, Atmospheric and Oceanic Science Letters, 11:2, 180-188, DOI: 10.1080/16742834.2018.1440134
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When and how will the Millennium Silk Road witness 1.5 °C and 2 °C warmer worlds?

ZHOU Tian-Jun, Ning SUN, Wen-Xia ZHANG, Xiao-Long CHEN, Dong-Dong PENG, Dong-Huan LI, Li-Wen REN & Meng ZUO (2018) When and how will the Millennium Silk
54
Road witness 1.5 °C and 2 °C warmer worlds?, Atmospheric and Oceanic Science Letters, 11:2, 180-188, DOI: 10.1080/16742834.2018.1440134

Multi-model ensemble median changes in extreme heat
(a) between a 1.5 °C warmer world and the 1986–2005
baseline period, (b) between a 2 °C warmer world and
the baseline period, and (c) between a 2 and 1.5 °C
warmer world. Projections under RCP8.5 are employed.
Dots denote where the changes reach the 0.001
significance level.

Definition of extreme heat days:
The annual count of days when the daily
maximum temperature is greater than 35 °C

ZHOU Tian-Jun, Ning SUN, Wen-Xia ZHANG, Xiao-Long CHEN, Dong-Dong PENG, Dong-Huan LI, Li-Wen REN & Meng ZUO (2018) When and how will the Millennium Silk
55
Road witness 1.5 °C and 2 °C warmer worlds?, Atmospheric and Oceanic Science Letters, 11:2, 180-188, DOI: 10.1080/16742834.2018.1440134

Interim Summary 5
⚫

Western China and central Asia are positioned centrally along the Millennium Silk Road, which is regarded as a core
region bridging the East and the West.

⚫

Both mean and extreme climate changes are projected using the ensemble mean of CMIP5 models. The results
show a warming of ~1.5, 2.9, 3.6, and 6.0 °C under RCP2.6, 4.5, 6.0, and 8.5, respectively, by the end of the
twenty-first century, with respect to the 1986–2005 baseline period.

⚫

The annual mean precipitation amount increases consistently across all RCPs, with an increase by ~14% with
respect to 1986–2005 under RCP8.5.

⚫

The warming over the Millennium Silk Road region reaches 1.5 °C before 2020 under all the emission scenarios.
The 2020s (2030s) see a 2 °C warming under the RCP8.5 (RCP4.5) scenario.

⚫

Global warming that is 0.5 °C lower (i.e. a warming of 1.5 °C) could result in the avoidance of otherwise significant
impacts in the Silk Road core region—specifically, a further warming of 0.73 °C (with an interquartile range of
0.49%–0.94 °C) and an increase in the number of extreme heat days by 4.2, at a cost of a reduced increase of

2.72% (0.47%–3.82%) in annual precipitation. The change in consecutive dry days is region-dependent.

ZHOU Tian-Jun, Ning SUN, Wen-Xia ZHANG, Xiao-Long CHEN, Dong-Dong PENG, Dong-Huan LI, Li-Wen REN & Meng ZUO (2018) When and how will the Millennium
Silk Road witness 1.5 °C and 2 °C warmer worlds?, Atmospheric and Oceanic Science Letters, 11:2, 180-188, DOI: 10.1080/16742834.2018.1440134
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Taking home messages
Continued efforts to limit warming to 1.5°C would bring
considerable benefits in terms of minimizing exposures to
precipitation extremes in global land monsoon domain, the
avoided impacts of temperature extremes over EA , recordbreaking events in Africa, and the number of extreme heat
days along the Millennium Silk Road.
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