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Downpours and Droughts:
Changing Extremes in a Warming World



The Earth Has Warmed ~2oF since 1900



�‡Downpours (extreme rainfall) jumped up 50% 
in 1996
�‡ �&�D�X�V�H�G���E�\���+�X�U�U�L�F�D�Q�H�V�����1�R�U�¶�H�D�V�W�H�U�V���D�Q�G��

thunderstorms

�‡Drought is more frequent in NH & VT than you 
may think and has real impacts

�‡The future:
�‡More downpours likely
�‡More summer drought?

Take Home Messages



We Studied Rainfall Data from the Best 
116 Weather Stations spanning 1900-2014 

Total Rainfall

Huang et al., 2017

Data must be >95% 
complete to be included in 
our study
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Extreme Rainfall Jumped 53% in 1996

53% 
increase

Huang et al., 2017
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Which Storms are More Extreme since 1996?

�‡Hurricanes are the biggest driver (48%)
�‡�d�[�•�š�}�Œ�u�•(25%) and �E�}�Œ�[�����•�š���Œ�•(15%) also causing 

more extreme rainfall

48%
Hurricanes

15%
�1�R�U�¶�(�D�V�W�H�U�V

25%
�7�¶�V�W�R�U�P�V

12%
Other Hurricanes

Frontal �7�¶�V�W�R�U�P�V

�1�R�U�¶�(�D�V�W�H�U�V

Other

Huang et al., 2018



Summer Flooding is Increasing in Response
% Change in Summer Extreme Streamflow Events

in 2001-2012 compared to 1977-1988
Frei et al., 2015



Federal Disaster Spending in New Hampshire
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1998: Ice Storm
2005: Alstead/Keene Floods (Oct)
�t�r�r�x�ã�����‘�–�Š�‡�”�ï�•�����ƒ�›���	�Ž�‘�‘�†�������ƒ�›��
2007: Patriots Day Flood (April)
2008: Tornado; Floods; Ice Storm
2010: Wind storm; Floods
2011: Irene Floods
2012: Flooding; Sandy
2013: Severe Winter storm & Flooding
2015: Severe Winter storm

Slide from S. 
Godlewski
NHDES
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Valid 8 a.m. EDT

(Released Thursday, Oct. 25, 2018)

http://droughtmonitor.unl.edu/

The Drought Monitor focuses on broad-scale
conditions. Local conditions may vary. See
accompanying text summary for forecast
statements.

Author:
Eric Luebehusen
U.S. Department of Agriculture

U.S. Drought Monitor

Northeast

D0 Abnormally Dry

D1 Moderate Drought

D2 Severe Drought

D3 Extreme Drought

D4 Exceptional Drought

Intensity:
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Some Wells in Northern VT are Currently Failing
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The 2016 Drought





2016 Drought: Water Use Restrictions and Bans 

�‡ 166 community restrictions or bans
�‡ 12 towns setup emergency water sites
�‡ 450 wells replaced or deepened



What do These Drought Classifications Mean?

Occurs every 6-9 months

Occurs every year

Occurs every 3 years

Occurs every 10 years

Occurs every 50-100 years

Davis and Stampone, 2014



NH and VT Drought History: 2000-Today
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1950 1960 1970 1980 1990 2000 2010

1950 1960 1970 1980 1990 2000 2010

1950 1960 1970 1980 1990 2000 2010

Grafton & Carroll Counties

Hillsborough, Merrimack & Belknap 

Stratford & Rockingham Counties

New Hampshire Drought History

Davis and Stampone, 2014



Historic Northeast Drought of 1963-1966

July 1965



Data from
NHDES

New Hampshire Water Use Statistics



How Do We Use Our Water at Home?



Climate Models Show the Northeast 
Getting Wetter Overall in the Future

Burakowski and Wake, pers comm.

More downpours in the future



MORE Water Vapor in 
1996-Present in red

LESS Water Vapor in 
1996-Present in blue

More Frequent Extreme Rainfall Events from
Hurricanes due to Warmer Ocean and More Vapor

Main Development Region (MDR)



https://www.skepticalscience.com/jetstream-guide.html

More Frequent �d�[�^�š�}�Œ�u�•from Wavier Jet



Summer Rain is Projected to 
Remain Steady in the Future

Burakowski and Wake, pers comm.



And Summer Temperatures are Projected to 
Increase 5-12oF!

Possibility of more 
frequent summer 
drought

Burakowski and Wake, pers comm.



�‡Downpours (extreme rainfall) jumped up 50% 
in 1996
�‡ �&�D�X�V�H�G���E�\���+�X�U�U�L�F�D�Q�H�V�����1�R�U�¶�H�D�V�W�H�U�V���D�Q�G��

thunderstorms

�‡Drought is more frequent in NH & VT than you 
may think and has real impacts

�‡The future:
�‡More downpours likely
�‡More summer drought is possible

Take Home Messages





Extreme Drought
Severe Drought
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Mild-Mod. Drought

Mild-Mod. Wetness
Severe Wetness

Extreme Wetness

NH & VT Drought and Wetness History



NH Average Annual Minimum
Temperatures: 1895 �t 2012

NH/VT has Warmed: 2-4oF since 1895
Winter is Warming the Fastest

Wake et al., 2014

Hanover: +2.3 �ƒF
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Bottom Line: In order to explain temperature 
rise since ~1960, one MUST include human CO2.  

�:�K�D�W�¶�V���U�H�D�O�O�\���K�D�S�S�H�Q�H�G

Models with No Human CO2

Warming since 1970 Can Only be Explained with 
Human Greenhouse Gases 



Not All the Atlantic Ocean Warming 
is from Human Activities

AMO vs. North Atlantic SST Anomalies



Arctic Amplification(AA) 
leads to decreased 

pressure gradient and 
weaker winds. 

May cause wavier jet 
steam and more 

extreme thunderstorms 
and �E�}�Œ�[�����•�š���Œ�•
(Francis and Vavrus2012;

Cohen et al., 2018)
https://skepticalscience.com/jetstream-guide.html
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Wind speed

Arctic Amplification Causes Wavier Jet Stream?



Warming 
since 1960 
is NOT 
from the 
Sun!!

Solar 
radiation 
has been
declining
since 1960

Solar Radiation Contributed to Early 20th Century Warming, 
but Sun has been Weakening since 1960

Solar Intensity

CO2



Most CO2 is from Electricity and Transportation 
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Coal produces 2x as much CO2 per BTU as Natural Gas
Coal produces 1.5x as much CO2 per BTU as Oil

US CO2 Emissions by Source & Sector (2011)

Source: EPA



Climate Forcing from 1750-2011

Greenhouse
Gases

Pollution

Pollution & 
Clouds

Total Human
Forcing
Solar

Forcing

CO2

CH4 CFCsN
2O

Cause WarmingCause Cooling

0 1 21
Radiative Forcing W/m2



Some CO2 Facts

�‡ Humans emit 
100+ TIMES more 
CO2 than 
volcanoes�‡ CO2 has a fossil 
fuel chemical 
fingerprint

�‡ CO2 traps heat, 
raising temp.

�‡ Without CO2
�(�D�U�W�K�¶�V���D�Y�H�U�D�J�H��
temp = -5oF!! 
(today = 57oF)

1960 1970 1980 1990 2000 2010

CO2

O2

�G13C



Temperature and CO2 are Closely Linked

CO2 and temperature have been closely 
linked in the ice cores for over 800,000 years































Hurricane Irene: August, 2011 

~50% of the jump since 
1996 is from MORE 

hurricane events with 
warmer ocean waters 

and higher water vapor



July 2013 & 2017 Thunderstorms
�����´���5�D�L�Q���I�R�U���(�D�F�K���(�Y�H�Q�W

~25% of the jump 
since 1996 is from 

MORE �7�¶�V�W�R�U�Pevens 
with wavier jetstream




