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National Climate Assessment (NCA)

The NCA is an important resource for understanding
and communicating climate change science and
impacts in the United States. It informs the nation
about already observed changes, the current status of
the climate, and anticipated trends for the future. The
NCA report process integrates scientific information
from multiple sources and sectors to highlight key
findings and significant gaps in our knowledge.

nttp://www.globalchange.gov/
nttp://scenarios.globalchange.gov/scenarios/climate
nttp://nca2014.globalchange.gov/report
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Projected Changes in Key Climate Variables Affecting Agricultural Productivity
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Climate Downscaling for NCA

Why Downscaling?

= Actionable regional/local climate information

= Climate assessment: top-down and bottom-up
approaches

= Climate extremes
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Derived Variables
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> 115F

Tmin
Tmin
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< 28F
> 75F
> 80F
> 85F
> O0F

> 1 inch

> 2 inches
> 3 inches
> 4 inches
of consecutive dry days
of consecutive wet days
1-day precipitation
5-day precipitation

number of days with
total precipitation
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with
with
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Annual number of icing (Tmax < 32F)days
Annual number of frost (Tmin < 32F)days
Annual highest 5-day maximum temperature
Annual lowest 5-day minimum temperature
Annual lowest 5-day minimum temperature
Annual highest 1-day maximum temperature
Annual lowest minimum temperature

Annual lowest minimum temperature

Cooling degree days

Heating degree days

Growing degree days, base 50 (F)

Date of the first fall freeze

Date of the last spring freeze

Length of the frost-free season

Length of the growing season (28F threshold)
Length of the growing season (41F threshold)

precipitation greater than the 99t percentile

greater
maximum
maximum
minimum
minimum

than the 99th percentile

temperature lower than the 1st percentile
temperature greater than the 99t percentile
temperature lower than the 1st percentile
temperature greater than the 99t percentile



Climate Extremes

» projected changes for future 30-year periods, respect to
the reference period of 1976-2005, using multi-model
ensemble.

U.S. Global Change Research Program



Climate Data

= National Weather Service’'s Cooperative Observer
Network (COOP)

= NA-CORDEX
= LOCA
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Long-term Precipitation Stations -
adequacy of data to detect and understand the past changes




NA-CORDEX Simulations
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Scripps Localized Constructed Analogs (LOCA) dataset

= 32 CMIP5 models

» Historical: 1950-2005. RCP 4.5
and RCP 8.5: 2006-2100 (2099
some models)

» Climatological period: 1950-99

» |nterpolated model calendars to
standard calendar w/leap days

= North America 24.5 Nto 52.8 N
at 1/16!" degree resolution

= Daily Tmin, Tmax, Precip

Sllde from D. Pierce
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Weighting Method

Weighting Variables
» |Independence Weights - Inter-model ;: alér;icgrzecggﬁ;riitﬁ r(ze(zzgica)gal)
distances computed as simple root 3. TOA Shortwave Flux (seasonal)
mean square differences are used to 4. TOA Longwave Flux (seasonal)
calculate independence weights 5. Vert@cal Tempe.rature I_:’rofile (seasonal)
= Skill Weights - The RMSE distances (73: \éirrtf:sé le:er?;:?ezzgnso(;aef;sonal)
between each model and the 8. Coldest Night
observations are used to calculate skill 9. Coldest Day
weights 10. Warmest Night
: : 11. Warmest day
= An overall weight is then computed as 12. Seasonal max. 5-day total precip.

the product of the skill weight and the
independence weight.

Sanderson et al. 2016
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Change (%) in annual total precipitation greater
than the 99t percentile
RCP8.5: 2070-2099 minus 1976-2005

NA-CORDEX

, National
Climate
Assessment

U.S. Global Change Research Program

15



Annual highest 5-day
maximum temperature

Annual lowest 5-day
minimum temperature

Change in annual highest 5—day Tmax by late 21st century, Deg F

Chicago Metropolitan Statistical Area

Annual highest 5—-day maximum temperature

Spatial average of 514 grid locations — 32 models (weighted)
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Change in annual lowest 5—day Tmin by late 21st century, Deg F

Chicago Metropolitan Statistical Area
Annual lowest 5—day minimum temperature
Spatial average of 514 grid locations — 32 models (weighted)
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__days

tmax32F__da

Annual number of icing/frost days

Change in annual # of icing days by late 21st century

Change in annual # of frost days by late 21st century
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Annual number of days when Length of the growing season
max temperature > 95°F (41°F threshold)

Change in annual #days Tmax > 95F by late 21st century Change in length of the growing season (41F threshold) by late 21st century, day
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prmaxiday__in

Annual Maximum 1-day
precipitation (%)

Change (%) in annual max 1-day precip by late 21st century
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Annual maximum 1-day precipitation
Spatial average of 514 grid locations — 32 models (weighted)
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Annual number of
Days > 2 inches

Change (%) in annual #days > 2 inches by late 21st century
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Annual Maximum Number of Consecutive Dry/Wet Days

Change in annual max # of consecutive dry days by late 21st century
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Annual maximum number of consecutive dry days
Spatial average of 514 grid locations — 32 models (weighted)
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Change in annual max # of consecutive wet days by late 21st century
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Challenges and Paths Forward

“‘Regional” focus of NCA imposes significant scientific and
technical challenges.

1. Right-scaling climate models — Downscaling tools should be
thoroughly evaluated.
2. Matching model outputs to sectorial needs - Identifying

appropriate climate data and climate information for
vulnerability and impact assessments and impacts-related

research.

3. Attribution of climate extremes — linking the extremes to
weather systems

4. Uncertainty — Identifying the ensemble size for regional

models
— Ensemble size varies with the variables of interested
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Correlation between SST and precipitation

» National
Climate
Assessment

U.S. Global Change Research Program

(a) Obs

Li, Sun and Dai 2017




Plant hardiness Zones

Shift in Plant Hardiness Zones

Historical (1976-2005)

Upper Bound, RCP8.5
Late 21st Century

USDA Plant Hardiness Zone
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Causes of major extreme precip

itation events

) Annual
FRT-71%
ETC - 25% FRT - 82%
1 MCS - 2% ETC-7%
I3 - RY
ETC - 80% /' MCS - 6% FRT - 78% )
FRT-19%/ e 0 3 TC - 9%
yaNo : : Sy, MCS - 8%
= a Ortl
-
( S D e d .
ﬂ RT -47%
\ TC - 36%
*@ ETC - 16%
\ \ . ' ; .
e ,)
ETC- 84%\\
FRT - 14% O SO es| AT
NAM - 1% - =~ S TC - 51%
w FRT - 34%
- 79
FRT - 52% :\EATCCS -76£;
ETC - 22% ~ AMG - 2%
NAM - 21% ’
TC-3% FRT - 66%
USF - 2% TC-17%
MCS - 11% \
b) Winter c) Spring
41% 1%
ETC-88% ETC-87% 1%
< 3% FRT - 13% 2% FRT - 93% %
% FRT - 53% ERTy o ETC - 6% FRT - 59%
- ETC - 47% v ETC-41%
ETC - 87% 39 ETC-81%
FRT - 13% LI FRT-19% [ .0, b
ETC-74% ETC-6% FRT - 66% MCS - 4%
FRT-26% | g% ETC - 33% 23%
FRT - 92% Ik USF - 1% ERT - 77% 15%
ETC- 6% ERIGEY MCS - 14% AT g
Teoaat ETC - 10% e ETC - 10%
MCS - 1% MCS - 8%
AMC -13%
d) Summer e) Fall
T ool e e, 2k
-60% FRT ~79% 46% - 79% Piao 449
FRT FRT - 70% MCS < 10% FRT- 49% FRT - 20% FRT 176% Bk TC - 44%
ETC - 24% e Al USF - 1% ETC - 18% ior e
MCS - 3% % 5 MCS - 2% e o
-3% AMC - 2% ETC - 12% -2% TC-8% ETC - 14%
- AMC - 1% - MCS*-2% 19%
FRT-39% | 400 FRT - 73% ETC - 90%
EJI\(IEA:SZ%Z; FRT - 44% MCS -13% FRT-10%

FRT-51%
TC - 26%
MCS'- 15%
ETC -4%
AMC - 3%

National
Climate
Assessment

U.S. Global Change Research Program

32%

TC - 58%
FRT -23%
MCS - 9%
ETC - 6%
AMC - 4%

FRT - 62%
ETC-23%
NAM - 9%
TC-4%

TC - 71%
FRT £18%
ETC-6%
MCS - 4%

Kunkel et al. 2012

24




Fronts

* Deep learning neural network

 Inputs: surface values of
o air pressure
o air temperature
o specific humidity
o west-east and south-north wind velocity components
« Training dataset: 14-year set of fronts manually
drawn by the National Weather Service and digitized
Into polylines
» Grid cell values of the probability of the presence of
five types of frontal boundaries (cold, warm,

U.S. Global Change Research Program



Front Identification Comparison
Example

Front Identification Comparison

2004-01-03 21:00:00 — Warm




Human Surface Analysis

Front Identification Comparison

Deep Learning Analysis

.D"ﬂ'. ..

R

2004-01-01 00:00:00

= Cold
e \Warm
= Occluded
- Stationary
3 Low
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Cold Front Climatology (2003-2016)

National Weather Service Manually Deep Learning Neural Network
Analyzed Fronts (2004-2016) automated front detection




CMIP5 ETC analysis

Perform extensive analyses of CMIP5 model simulations,
identifying the occurrence of ETCs causing heavy
precipitation for historical and future simulations.




Extratropical Cyclone Future
Change: 2070-2099

a) WINTER b) SPRING

Increases in
eastern U.S. in
winter

Decreases in fall
everywhere




How to choose the number of

ensembles?




rms error

SAMPLING ERRORS
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Summary

» Climate Downscaling has been extensively used in the

National Climate Assessment.

1) Temperature extremes are most directly affected by the climate
change: heat waves are projected to increase in frequency,
intensity, and duration, and cold snaps are projected to diminish
in their frequency, but not necessarily in their intensity.

2) Precipitation extremes are projected to become more frequent
and more intense

3) annual maximum number of consecutive wet days will
significantly increase in the eastern U.S. and annual maximum

consecutive dry days will significantly increase in the western
U.S.



Summary (cont’d)

» The possibility exists to enhance climate information and
increase our confidence in future climate change using
dynamical downscaling

1)

Focus on climate variables that are both relevant and adding
values by regional models. RCMs can resolve the topographic
features and many physical processes such as convectively
driven storms and monsoon-topography interaction at very high
resolution. We do anticipate that RCMs will provide a realistic
indication of how the characteristics of weather events will
change in a warming world.

Focus on the physical mechanisms of regional/local climate
changes. The full set of dynamical fields available from RCMs
will allow diagnostic investigation of these changes to
complement the GCM projections.



Climate Explorer 2.0

= The Climate Explorer offers customizable graphs and
maps of observed and projected temperature,
precipitation, and related climate variables for every
county in the contiguous United States.

https://toolkit.climate.gov/climate-explorer2/
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Buncombe County
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