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https://docs.google.com/file/d/1jX81ew7lK2fZoa6fpwbX8kBWXmes9lQV/preview

The Climate System:

- | Interactions between

e e, The “fast”™-moving
systems of the Earth

(external forcing) (internal interactions) (internal responses)

Changes in
Earth’s orbit

Changes in
Sun's u‘n“ngdt
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http://www.ncdc.noaa.gov/paleo/ctl/aboutla.html



Climate provides
boundaries for the
weather

“Keep your eye on the dog walker, not the dog”

https://www.youtube.com/watch?v=cBdxDFpDp_k
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https://www.nasa.gov/multimedia/imagegallery/image_feature_1529.html



Nitrogen

Oxygen
21%

A very small portion
of the atmosphere is
greenhouse gases
Carbon Dioxide

04% But those gases have
Other Gases a particular affinity

(mostly Argon) for absorbing ener
96% & &/

8

https://scied.ucar.edu/image/gases-earths-atmosphere



incoming solar radiation (340 W/m?)

About half of the sun's energy
reaches the Earth's surface

A lot of that energy goes into
evaporating water

absorbed in the atmoSPHErERPE$/A

£ \
Some energy is emitted from the | =
surface =3 —

The portion of that energy
absorbed by the atmosphere goes L Jeusolar eneroy
into the greenhouse effect

https://earthobservatory.nasa.gov/features/EnergyBalance



Atmospheric CO; at Mauna Loa Observatory

420t Scripps Institution of Oceanography
NOAA Global Monitoring Laboratory
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The following figures focus on
climate changes since 1980

https://gml.noaa.gov/ccgg/trends/gl_trend.html

Carbon Dioxide has been increasing since
roughly the mid 1800s

The rate of increase since 1980 (~2.01
ppm/year) is nearly four times that of the
rate from 1900-1980 (~0.54 ppm/year)

Annual Increase of CO, at Mauna Loa
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Global Land and Ocean

X - 1980-2024 Trend
April-March Average Temperature Anomalies -

(+1.90°C/Century)

1.40°CH r2.52°F
1.00°C r1.80°F
0.60°C+ r1.08°F

I i “ “
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Global temperatures have increased about 1.2 °c (2.2 °F)
over the past century.

The rate of change since 1980 is closer to 1.9 °c (3.4 °F)
per century. 11

https://www.ncei.noaa.gov/access/monitoring/climate-at-a-glance/



Global Land

April-March Average Temperature Anomalies

___ 1980-2024 Trend
(+3.40°C/Century)

2.00°CH -3.60°F
1.50°C F2.70°F
1.00°CH r1.80°F
0.50°C r0.90°F
. . | Aol il | Il | e
- “lIl"" ”lm “ ‘ll Il ull“ ““Illllllll “llllln‘ |I|I"“I| l” II |II|II o
0.50°CH r-0.90°F
-1.00°C T T T T T T T T T T T T T T T T -1.80°F
1851 1861 1871 1881 1891 1901 1911 1921 1931 1941 1951 1961 1971 1981 1991 2001 2011 2024

The rate at which temperatures are changing over land
(3.4 °c or 6.1 °F per century) is much higher than the
global rate including oceans (1.9°c/3.4°F)

12

https://www.ncei.noaa.gov/access/monitoring/climate-at-a-glance/



Contiguous U.S. Average Temperature

__ 1980-2024 Trend

May-April (+4.58°F/Century)
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Contiguous U.S. Precipitation
May-April
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A J

___ 1980-2024 Trend

[
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The rate of change (~4.6°
F/century) in the Contiguous US
is a bit lower than the rate of
change over the global land
surface.

Precipitation has increased a
marginal amount over the
Contiguous US

13

https://www.ncei.noaa.gov/access/monitoring/climate-at-a-glance/



Mid-Atlantic Basin Average Temperature

1980-2024 Trend

In the Mid-Atlantic, the

May-April - (+6.3°F/Century)
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Mid-Atlantic Basin Maximum Temperature
May-April

1980-2024 Trend

(+5.6°F/Century)
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Mid-Atlantic Basin Minimum Temperature

temperatures

1980-2024 Trend
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https://www.ncei.noaa.gov/access/monitoring/climate-at-a-glance/



Mid-Atlantic Basin Precipitation 1980-2024 Trend

May-April = (+13.99 in/Century)
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Annual total precipitation has generally increased in
the Mid-Atlantic region

15

https://www.ncei.noaa.gov/access/monitoring/climate-at-a-glance/



Carroll County Population:
1970 69,006 30.7%
1980 96,356 39.6%
1990 123,372 28.0%
2000 150,897 22.3%
2010 167,134 10.8% G e
2020 172,891 3.4% developed.

Land Use Change 1973 - 2010

100% -

80% -

60% -

40%

1973

0% 1 10.5% of the total
o , i . land area
1973 2002 2010 developed.
W Developed Lands Agriculture  ®m Forest M Other Resource Lands

https://planning.maryland.gov/Documents/OurProducts/landuse/Carroll.pdf
https://planning.maryland.gov/Documents/OurProducts/landuse/MDP2010_LU_Summary.pdf



Carroll County, Maryland Precipitation 1980-2024 Trend Carroll County, Maryland Precipitation

1980-2023 Trend
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Precipitation in Carroll County is highly variable from year to year,
but there are some significant trends the past few decades.

Carroll County, Maryland Precipitation 19802023 Trend Carroll County, Maryland Precipitation 1980-2023 Trend
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https://www.ncei.noaa.gov/access/monitoring/climate-at-a-glance/
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Jan-Dec precipitation EMMITSBURG 2 SE, MD 1956:2024 (95% Cl)
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Percentage change in days with particular precipitation amounts

0.50
0.25
s 000 — — Fewer days with
light or no
. Increase in days with precipitation
-0.25
moderate to heavy
precipitation More days with
-0.50 heavier
5 1525 35 45 55 65 75 85 95 105 115 1256 135 145 1556 165 175 185 195 205 215 225 235 245 preCipitation
Precipitation amount (mm/day)

Decrease in days
with light or no
precipitation
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Number of Days with Rainfall >2in per year

3

Number/year

1960 1980

Year

2000

2020

The number of
days with
rainfall >2
inches per year
has gone from
about 1to 2-3




Number of frost days in April and October

® Apri @ October
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The number of
frost days during
the beginning and
end of the
growing season
has decreased
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Days per year with Temperature >95 degrees Fahrenheit

5

s The number of
days where the
high temperature
spikes about 95 °F
has decreased

Number/year

This is likely due
to the increase in
precipitation over
the region

1960 1980 2000 2020

Year
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Number of nights where temperature stays > 70 degrees Fahrenheit

Number/year

1960

1980

Year

2000

2020

The number of
nights where the
temperature fails
to fall below 70°F
has increased
from 1-2 to 5-7.

This is due to the
increase in
greenhouse gases
(including water
vapor) which
prevent nighttime
cooling
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Snow (inches) vs. Year

50

40
g 30 Annual snowfall
§ has fallen from
g . ~40 inches to ~25
g inches.

10

1960 1980 2000 2020

Year
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Days per year with max above 95°F

Days per year with min below 32°F (frost days)
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Difference from Observed Average (days)

The number of days
with temperatures
above 95 °F is
projected to
increase to 20-25
(top left)

The number of
frost days is
projected to
increase from
around 115 to 80
(bottom right)
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Projected US Precipitation Changes at 1.5°C, 2°C, 3°C, and 4°C of Global Warming

\a a) 1.5°C (2.7°F) global warming level \a b) 2°C (3.6°F) global warming level

Precipitation is expected to

continue to increase in the

mid-Atlantic (right) including

extremes measured in a variety of | B
Ways (bottom) ’:: 3°C (5.4°F) global warming level ﬂ{) 4°C (7.2°F) global warming level

>
Projected Changes to Precipitation Extremes at 2°C of Global Warming R
-20 =15 -10 =5 0 5 10 156 20
a) Total precipitation on b) Five-year maximum c) Annual maximum
heaviest 1% of days daily precipitation daily precipitation
- e TN ' - Y TN 3 '\
R - =
Change (%) Change (%) Change (%) 27
_mo _1525:01:‘5:1(“ _mo Fifth National Climate Assessment, 2023, Figures 2.10 and 2.12



Tools and Further Information https://nca2023.globalchange.gov/ NCA ! ;

C M R A https://resilience.climate.gov/

https://www.heat.gov/ https://www.climate.gov/ Vm C l I m at e .gOV

SCOENCE & INFORMATION FOR A CLIMATE-SMART NATION

N Climate and Economic Justice |
.y https://screeningtool.geoplatform.gov

oy W® Screening Tool

https://toolkit.climate.gov/ U.S. Climate
https://www.drought.gov/ Pe: ' & . d? $esi lllstnce
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- (b) Time evolution of effective radiative forcing 1750-2022
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Forster, P.M. et al,, Indicators of Global Climate Change 2022: annual update of large-scale indicators of the state of the
climate system and human influence, Earth Syst. Sci. Data, 15, 2295-2327, 2023, https://doi.org/10.5194/essd-15-2295-2023
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