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Today’s presentation
Climate change: from global to local

Where can I find more info?
viewing climate data online

Anthropogenic climate change: 
a view of recent national trends 

Recent climate change in PA: 
evidence from a headwater basin   

Projected climate change in PA: 
what pathway are we on? 
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The warming of the planet is unequivocal
global temperature is increasing in lock-step with CO2
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The relentless rise of atmospheric CO2
a rise that’s unprecedented over the past 800,000 years

Thousand years before today
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For millennia, atmospheric CO2 had never been above this line

2016

1950

Image credit: http://climate.nasa.gov/evidence/. Data: blend of Vostok ice core data and Mauna Loa CO2 record 

about 3 million years ago



2016, an incredibly warm year
Perhaps the warmest summer in several thousand years

Chart by Joshua Stevens; based on data from the NASA Goddard Institute for Space Studies.



And the global records keep on falling
A few temperature streaks worth watching
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February 2017 was the 
386th consecutive 
month with 
temperatures at least 
nominally above the 
20th century average.

The last month with 
below average 

temperatures was 
February 1985.

2015 2016
All-time monthly 
temperature records 
were broken for 16 
straight months (May 
2015 to August 2016).
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Temperatures are rising all across the US
with the last decade 2°F warmer than the 1901-1960 average



Extreme summer heat is more common
temperature distributions are shifting toward hotter extremes

NASA/Goddard Space Flight Center GISS and Scientific Visualization Studio; Hansen et al., 2013 (PNAS)

Summer temperatures are 
moving to hotter extremes.

Colder extremes are 
occurring less often.

http://www.giss.nasa.gov/research/briefs/hansen_17/

The New Climate Dice: Public Perception of Climate Change
By James Hansen, Makiko Sato, and Reto Ruedy – August 2012

Our climate dice, featuring two 
sides red for “hot”, two sides blue 
for “cold”, and two sides white for 
“normal” in 1951-1980, are now 
loaded. We need four red sides to 
characterize 21st Century climate.



Record highs outpacing record lows
with highs exceeding lows by 2:1 over the past decade

Meehl et al., 2009 (Geophysical Research Letters)
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Change in growing season length (days)

Growing seasons over 
the past two decades 
are now 10 days longer 
than in 1901 to 1961. 

Northeast

Seasons are shifting
with higher temperatures affording longer growing seasons 



Spring is advancing much faster
with Spring 2017 occurring up to 25 days earlier than normal  

New York Times; USA National Phenology Network, 2017; World Weather Attribution

SPRING FOLIAGE
Days early, against 30-year average

5 15 25

Spring Indices show 
that the Spring season 
is occurring 25 days 
ahead of schedule. 

Eastern US



Annual precipitation amounts are changing
with the Northeast seeing increased rainfall
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Percent change in extreme rainfall (heaviest 1% of daily events)

Karl et al., 2009; US National Climate Assessment, 2014

Extreme rainfalls are more frequent, too
especially in the Northeast

Extreme rains rose by 
71% from 1958 to 
2012, faster than any 
other region in the US. 

Northeast



For instance: the flash floods in Ellicott City
A 1,000-year storm that yielded 3 months of rain in 2 hours 

University of Maryland Weather (http://weather.umd.edu/)

Extreme rainfall from thunderstorms produced
5 to 6 inches of rain in a time span of two hours.

These amounts greatly exceed what would be
expected from a 1,000-year storm event (see
NOAA: http://hdsc.nws.noaa.gov/hdsc/pfds/).

Flash flooding in Ellicott City, MD 
on July 30, 2016

Photo credit: Scott Weaver via the Capital Weather Gang – Washington Post)
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Water vapor pressure vs. temperature

The atmosphere now holds more water
a consequence of increasing atmospheric temperatures

US National Climate Assessment, 2014
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Take home point
The water-holding capacity of the 
atmosphere increases by 7% for 
every 1°C rise in temperature. 
More water = more rainfall.  



Trenberth et al., 2015 (Nature Climate Change)

We have entered a new normal
all weather events are affected by climate change

“The climate is changing: we have a new normal. The 
environment in which all weather events occur is not 
what it used to be. All storms, without exception, are 
different. Even if most of them look just like the ones 
we used to have, they are not the same.”
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LTAR Shared Research Strategy, 2013

Upper Chesapeake Bay

USDA’s LTAR Network
serving as a sentinel to changes in climate and hydrology



The Mahantango Creek Watershed
an ideal place to assess long-term trends in hydroclimate

Streamflow (1968 to 2012)

Precipitation (1968 to 2012)

Temperature (1978 to 2012)

WE-38 Watershed
(7.3 km2)

Buda et al., 2011a, b (WRR)
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Steadily rising temperatures 
disproportionate increase in minimum temperatures 
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Annual mean temp. 
+0.38°C per decade

Annual mean max  temp.
+0.35°C per decade

Annual mean min temp.
+0.43°C per decade

Lu et al., 2015 (J. Hydrol: RS)
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Shifting seasons
Summer in March, 2012; record heat followed by frost 

Year

March 2012 daily high and low temperatures
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Shifting seasons
false springs and late season frosts still threaten crops 

Aust et al., 2013; Knutson et al., 2013; Farm Service Agency, 2014

2012 fruit crop losses due to frost/freeze

Frost took a bite out of 
central PA’s fruit crops

In the northeastern US, about 
100 counties were declared 
disaster areas, including 
Northumberland County in PA, 
which contains the WE-38 basin. 

WE-38 
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Annual changes in watershed hydrology 
slightly divergent trends in precipitation and streamflow

0

200

400

600

800

1000

1200

1400

1600

1800

2000

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Annual total precipitation
+21.9 mm per decade
trend not significant

Annual total streamflow
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trend not significant

Lu et al., 2015 (J. Hydrol: RS)



Increasing watershed evapotranspiration
actual evapotranspiration is becoming more efficient
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Seasonal trends in hydroclimate
substantial increases in fall rainfall and streamflow

Monthly total 
streamflow

(mm per decade)
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Lu et al., 2015 (J. Hydrol: RS)



Rainfall (in)
0.01 – 0.10
0.10 – 0.25
0.25 – 0.50
0.50 – 0.75
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2.5 – 3.0

3 – 4
4 – 5
5 – 6
6 – 8
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>10

Heavier rains and higher flows in early fall
Tropical Storm Lee (September 7-8, 2011)

Hourly rainfall intensity

Streamflow

0.06 in hr-1

per decade

0.13 in
per decade

Mahantango Creek
Storm total rainfall: 14.5 in (370 mm)
Max hourly intensity: 1.3 in hr-1  (33 mm hr-1)

Lu et al., 2015 (J. Hydrol: RS)



Atmospheric rivers and extreme rains
A connection that produces some of our worst floods

September 4, 2011

Hurricane Katia

Tropical Storm Lee

September 5, 2011September 6, 2011September 7, 2011September 8, 2011

0 10 20 30 40 50 60 70 80

Total Precipitable Water, TPW (mm) Percent of normal TPW (%)

50 100 150 200

Atmospheric 
rivers

ClimateReanalyzer.org; Gitro et al., 2014 (J. Operational Meteorology)



NOAA Atlas 14 Precipitation Frequency Data Server; DeGaetano, 2009

Tropical Storm Lee’s rainfall was extreme
An average recurrence interval of once every 980 years 
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What about less extreme storms 
that occur every 50 to 100 years?

“In the Northeast, the median decrease of both the 50-
and 100-yr recurrence interval is nearly 40%. Thus 
what would be expected to be a 100-yr event based on 
1950-79 data occurs with an average return interval of 
60 yr when data from 1978-2007 are considered”



Fewer days with snow on the ground
Reflecting a wider trend occurring in the Northeast
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Days with snow on the ground
-2.5 days per per decade

Burakowski et al., 2008 (JGR Atmospheres)
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Snowmelt runoff floods are declining
an expected trend as minimum temps increase in the winter
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Floods generated by snowmelt

Floods generated by rainfall

Lu et al., 2015 (J. Hydrol: RS)



Steadily rising temperatures and a 
lengthening growing season are 
consistent with a warming climate. 

At the basin level, evapotranspiration 
increases represent the clearest change 
in hydroclimate over the past 45 years. 

Larger, more intense rain storms in the 
fall have led to augmented streamflow, 
but not necessarily increased flooding.

Snowmelt runoff events are declining in 
the winter as warmer weather leads to 
fewer days with snow on the ground. 

To summarize: climate change is here



A glimpse of our climate future
What pathway are we on if we follow business as usual?

Future climate 

EXIT



Earth’s climate history
where we’ve been, and where we’re likely heading
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RCP 8.5: Business as Usual
CO2 peak = 1370 ppm

Shakun et al., 2012 
(Nature)

Marcott et al., 2013 (Science)

RCP 4.5: Stabilization
CO2 peak = 650 ppm

Last Ice Age
First cereal crops 
(∼ 10,000 BCE)

Intensive agriculture 
(∼ 5,500 BCE)

2015

Original image conceived by Jos Hagelaars and modified by Paul Price 



Implications for the Northeast
Using downscaled climate data to project future scenarios

Downscale 9 models from 
the Coupled Model Inter-
comparison Project Phase 5
(CMIP5) for the business as 
usual pathway (RCP 8.5).

Allegheny 
Plateau

Piedmont

Coastal 
Plain

Ridge &
Valley

Mahantango
Creek

Hayhoe et al., 2007 (Climate Dynamics); Stoner et al., 2013 (International J. Climatology)



The Mid-Atlantic climate is temperate
mean annual temperatures range from 40 to 58°F
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Mid-century temperatures will be warmer
with the new range shifting from 46 to as high as 60 °F
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Mid-century increase in mean annual temperature

°C

3.0 3.5 4.0°F

1.67 1.94 2.22

Hadley Centre 
Climate Model 

Version 3 (HadCM3)

Mid-century temperatures will be warmer
with increases ranging from 3 to 4°F relative to past norms

Mahantango
Creek

Mid-Atlantic’s mid-century
temperature increase
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A warmer climate means more extremes
daily max temperatures may approach 111°F by century’s end
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Mid-Atlantic growing seasons are modest
with the average length being 200 days (Apr. 15 to Oct. 30) 

Hadley Centre 
Climate Model 

Version 3 (HadCM3)

Mean growing season length (1960 to 1989)
120 180 240 270 300days

Mid-Atlantic’s historical
growing season length

120 195days 270



Hadley Centre 
Climate Model 

Version 3 (HadCM3)

Mean growing season length (2015 to 2044)
120 180 240 270 300days

Mid-century growing seasons will expand
with the average season approaching 240 days

Mahantango
Creek

Mid-Atlantic’s mid-century
growing season length

120 240days 300



Unabated expansion through late century
By 2100, the growing season could encompass the entire year
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Days with frost will greatly diminish
By 2100, only 60 days per year may be cold enough for frost 



Hadley Centre 
Climate Model 

Version 3 (HadCM3)

Mean annual precipitation (1960 to 1989)

889 965 1016 1067 1143 1194 1270mm
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The Mid-Atlantic gets year-round rainfall
mean annual precipitation is about 42 in per year
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Hadley Centre 
Climate Model 

Version 3 (HadCM3)

Mean annual precipitation (2015 to 2044)

889 965 1016 1067 1143 1194 1270mm

35 38 40 42 45 47 50in

Mid-century will be wetter
with the region-wide average rising to 44 in per year
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Hadley Centre 
Climate Model 

Version 3 (HadCM3)

Mid-century increase in mean annual precipitation
5 10 15%

Mid-century will be wetter
increases will range from 5 to 15% relative to historical norms

Mahantango
Creek

Mid-Atlantic’s mid-century
precipitation increase

5 1510%



Daily rains of one inch will be more routine
with 5 more such days by the year 2100
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More frequent 20-year storms (∼5 in/day)
with a 3-fold increase in frequency expected by 2100

Wuebbles et al., 2014 (BAMS); US National Climate Assessment, 2014

Future change multiplier

1 2 3 4 5 6 7

By late century, events 
that recurred once in 20 
years may happen three 
to four times as often. 

Northeast



Paradoxically, the future also will be drier
Evaporative demand will greatly overwhelm inputs from rain

US National Climate Assessment, 2014; Sherwood and Fu, 2014

Longer dry spells

More than 80% of climate 
models suggest that successive 
dry days will rise by 5 to 10%.

Change in max consecutive dry days (%)

Increased risk of drought

Standardized soil moisture (0-30 cm; deviations from 20th

century mean) for 2090 to 2099 using the RCP 8.5 emissions 
scenario (Cook et al., 2015; Science Advances).

Take home point: more rain is needed 
to keep pace with rising evaporative 
demand (Sherwood and Fu, 2014).

Northeast



In summary, our climate is on the move
with late-century climates resembling those of the deep south

Baltimore summers
1986 to 2005: baseline

2080 to 2099: extreme southern TX

Baltimore winters
1986 to 2005: baseline

2080 to 2099: southern ALClimate Central: Winter Loses Its Cool
Climate Central: 1001 Blistering Future Summers

http://www.climatecentral.org/news/winter-is-losing-its-cool-18635
http://www.climatecentral.org/news/summer-temperatures-co2-emissions-1001-cities-16583


Online version of the workbook is now available via Adaptation Assistance on 
the USDA Climate Hubs website: http://www.climatehubs.oce.usda.gov/

USDA-NRCS Adaptation Workbook
Helping land-owners adapt to and mitigate climate change

Slide courtesy of Dan Dostie (PA-NRCS)

http://www.climatehubs.oce.usda.gov/


How can I track projected changes?
some tools to track short- and long-term climate projections

Short term (weeks to months)
Cornell’s Climate Smart Farming: 
Decision Support Tools for farmers. 
http://climatesmartfarming.org/

Short term (weeks to one year) 
NOAA’s National Weather Service 
Climate Prediction Center (CPC). 
http://www.cpc.ncep.noaa.gov/

Long-term (1880 through 2100)
NOAA’s Climate Resilience Toolkit 
for the continental United States. 
https://toolkit.climate.gov/

http://climatesmartfarming.org/
http://www.cpc.ncep.noaa.gov/
https://toolkit.climate.gov/
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