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About GISS
The NASA Goddard Institute for Space Studies (GISS) is a laboratory in the Earth
Sciences Division (ESD) of National Aeronautics and Space Administration's
Goddard Space Flight Center (GSFC). The ESD is part of GSFC's Sciences and
Exploration Directorate.

Following approval by NASA Administrator T. Keith Glennan in December 1960, the
institute was established by Dr. Robert Jastrow in May 1961 as the New York City
office of GSFC's Theoretical Division to do basic research in space sciences in
support of GSFC programs. The institute was sited in New York on the premise that
conducting theoretical research in the space sciences would be greatly facilitated by
being close to the leading universities in the metropolitan area.

Much of the institute's early work involved study of planetary atmospheres using data
collected by telescopes and space probes, and in time that led to GISS becoming a
leading center of atmospheric modeling and of climate change. Led by Dr. James E.
Hansen from 1981 to 2013, research at GISS has emphasized a broad study of
global change, which is an interdisciplinary initiative addressing natural and man-
made changes in our environment that occur on various time scales — from one-
time forcings such as volcanic explosions, to seasonal/annual effects such as El
Niño, and on up to the millennia of ice ages — and that affect the habitability of our
planet.

A key objective of GISS research is prediction of atmospheric and climate changes in
the 21st century. The research combines analysis of comprehensive global datasets
with global models of atmospheric, land surface, and oceanic processes. Study of
past climate change on Earth and of other planetary atmospheres serves as a useful
tool in assessing our general understanding of the atmosphere and its evolution.

Program areas at GISS may be roughly divided into the categories of climate
forcings, model development, Earth observations, radiation, atmospheric chemistry,
climate impacts, paleoclimate, planetary atmospheres, and other disciplines. Due to
their interconnections, most GISS personnel are engaged in research in several of
these areas.

The perspective provided by space observations is crucial for monitoring global
change and for providing data needed to develop an understanding of the Earth
system. As the principal NASA center for Earth observations, Goddard Space Flight
Center plays a leading role in global change research. Global change studies at
GISS are coordinated with research at other offices and laboratories within the Earth
Sciences Division.

GISS works cooperatively with area universities and research organizations, most
notably with Columbia University. Many of our personnel are members of Columbia's
Earth Institute, Center for Climate Systems Research (CCSR), Department of Earth
and Environmental Sciences, and/or Department of Applied Physics and Applied
Mathematics. We also collaborate with researchers and educators at Columbia's
Lamont-Doherty Earth Observatory, the City College of New York, the American
Museum of Natural History and elsewhere.

GISS has been located in the Morningside Heights neighborhood of New York City
since its founding. The institute moved into its present offices at the corner of
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2020 Season
Warm tropical North Atlantic and no El Nino à Active Season
Three storms so far, well above average for date.

May 31 SST Anomalies

But seasonal forecasting imperfect. Little skill 
for regional landfall rates.



Hurricane-climate analysis is based on a long-term view and physical understanding, 
not just a few active seasons. Long-term climate impacts on hurricanes include … 

1. More population and infrastructure in harm’s way.

2. Greater storm surge from sea-level rise.

3. More intense rain events from warmer, moister air.

4. Increased intensity from warmer oceans.

5. Slower, stalling tracks due to changing atmospheric wind patterns.

6. Fewer overall tropical cyclones.

more certain

less certain



Intensity: 
Warmer oceans and changing vertical profile of atmospheric moisture and temperature à increase hurricane intensity

Kossin et al, 2020Sobel et al, 2016

Projected increases in “potential intensity” (PI), the 
upper limit for hurricane intensity given environment. 
(Actual hurricane intensities distributed from weakest 
up to PI. Increased PI “stretches” the distribution.)

Positive trend in fraction of hurricanes reaching 
“major” status now visible in historical record.



Projected North Atlantic changes into 2030s: 
• Eastward shift in formation region.
• Eastward shift in track.
Complex signal for US coast: 
• More storms but smaller fraction hit US.
• Increased landfall hazard some regions.
• Decreased landfall other places.

Regional Hazard:
Other factors in addition to intensity: 
Where storms form? How they propagate?

Cat 4-5

Results from statistical model driven by historical and projected ocean temperature.

Fraction N Atl TCs making US landfall 

Fraction N Atl TCs reaching Cat3+ 

Fraction N Atl Cat3+ making US landfall 

historic projected

Hall et al, 2020



Summary of 2030s changes on four US locations

Hall et al., 2020



TC tracks are slowing and 
stalling more

Kossin, 2018

Harvey 2017 Florence 2018 Dorian 2019 Imelda 2019

Hall and Kossin, 2019 Annual fraction of 
TCs that pass 
through specified 
coastal 200km-
radius regions that 
spend at least 48 
hours in those 
regions.



Slowing-Stalling Mechanisms

TCs approximately translate with large-scale mid-tropospheric 
flow. (Enough spatial averaging cancels symmetric TC winds, 
leaving just translating large-scale flow.)

CMIP5 climate model trends in Hadley circulation strength over 
past 40 years (blue) and meteorological reanalysis (green). 
Independent precipitation observations indicate bias in 
reanalyses, not CMIP5 models (Chemke and Polvani, 2019).

Chemke and Polvani, 2019

Robust feature of climate models: slowdown of 
tropical circulation in warming climate. Details of 
the physical mechanisms still debated. Difficult 
signal to observe directly.







Hall and Kossin, 2019

Longer stalls à more accumulated rain

Harvey 2017



Touched on just a few aspects of hurricane-hazard changes in a warming climate:
• Increased intensity
• Changes in hurricane tracks, more stalling and US regional variations in landfall.

Two aspects I didn’t talk about are actually the most robust:
• Increased storm surge from sea-level rise.
• Increased population & infrastructure in harm’s way.

Population & Infrastructure:
• Better forecasts & evacuation procedures (hopefully) and more 

resilient structures. 
• But during a pandemic (or other simultaneous catastrophe)

Where do people go? Are resources depleted?


