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Climate Models and Downscaling

* (Climate modeling is used
to attempt to reconstruct
the past and predict the

future (long time periods)

Most climate models used
currently have a global
scale, referred to as GCMs
— Running a model over the
entire globe for a long

period of time takes a lot of

computing resources!

Global climate models
tend to have large grid

cells (resolution)
— 100-300 km grid

Downscaling is the process
of taking the results from
global climate models and
using statistics, modeling,
or a combination of the
two to achieve regional

results



Why do we want regional scale
predictions?
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Overview of Downscaling

* Dynamical Downscaling * Statistical Downscaling

— Involves running models, — Uses what we know from
referred to as Regional observations and models to
Climate Models (RCMs) to interpolate to regional
predict climate on a smaller scales
scale (regional or local) — “Bridging the gap” between

— GCM outputs drive the GCM and scales necessary
boundary conditions for for climate change impact
long term simulations studies

— Weather forecast models — Methods:
are adjusted to take into * Bias corrections
account changing forcing * Regression analysis

over the long term

°* E.g, Greenhouse gases



Objectives of DRI-RCM

Production of regional climate Regions of Interest:
scenarios for impact assessments

e 3 Regions in NV
Add value to the GCM ensemble —  Western NV (Sierra NV)
prediction system: — Eastern NV
se regional climate model (RCM) — Monsoon NV (Southern NV)
nd other downscaling methods to : .
i ' e 3 Regions in NM
edict phenomena such as orographlc
pitation and local climate
es

— Western NM
— Southeastern NM
— Mountain NM

* 2 Regionsin ID
— Northern ID
S

ensemble system based on
onal climate

oducts
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Downscaling efforts thus far

NARCCAP Bureau of DRI DRI Statistical
Reclamation Dynamical Downscaling

Downscaling

WRE-RCM used to

Global atmosphere/ Dynamic Statistical J i~ Statistical
nami
Method ocean coupled downscaling using 6 downscaling of d yna . Ci}éM downscaling of
n
models different RCMs GCM results ownscaie GCM results
results
Top, bottom
Drivers boundary 4 GCMs 16 GCMs 2 GCMs 2+ GCMs
conditions
Emissions Al,A2,Bl, B2 and A2 B1,Alb, A2 A2 B1,Alb, A2
Scenarios variants
Grid Size ~100 km 50 km 12 km 36 and 12 km 4 km to Point based
United States and Western
. ) Western
Coverage Global North America parts of Canadaand ~ United States: NV,

United States

Mexico NM, and ID
Most Atm. variables Most Atm. variables
Most Atm. & at: surface and Precipitation, T, , at: surface and Precipitation, T, ;.
Parameters . . . . . .
Oceanic variables multiple vertical andT multiple vertical andT
levels levels
Monthly,
Data Availability 6 hourly (some), or 3 hourly Monthly 1 hourly Daily -monthly

by request
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GCM Comparison:

Intermountain Region

GCM Intermountain BMonthly Average Precipitation (mmdmonth) 1530-1299
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GCM Intermountain fBonthly Average Termperature (2 1930-1999




GCM Comparison:
Monsoon Region

GCh Monsoaon | Manthly Average Precipitation (mmdmanth) 1950-15999
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NARCCAP Comparison:

Intermountain Region

MARCCAP Intermountain Monthly Average Precipitation 1930-2004
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NARCCAP Comparison:
Monsoon Region

MARCCAP Monsoon | Monthly Average Precipitation 1980-2004
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MARCCAP Monsoon | Manthly Average Termperature 1950-2004
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BOR Comparison:

Monsoon Region

BoR Monsoon 1 Monthly Average Precipitation (mm/maonth) 1930-2004

Months

BoR Maonsoon 1 Monthly Average Temperature (C) 1980-2004

Months
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BOR Comparison:
Intermountain Region

BoR Intermountain Monthly Average Precipitation (mmdmonth) 1930-2004
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BaR Intermountain Monthly Average Temperature (C) 1930-2004
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DRI-RCM Comparison

Intermountain Region

DRI-RCH Intermountain bMaonthly Average Precipitation {(mmdmonth) 1980-1959
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DRI-RCM Comparison

Monsoon Region

DRI-RCM Monsoon | Monthly Awerage Precipitation (mmdmonth) 1930-1299

BoF ohs
HARR
HHREP
DRI-RCR
MARCCARP

konths

ORI-RCKH Monsoon | Monthly Awverage Temperatare [C) 19350-1999

BoF ohs
HARR
HMREP
DRI-RCR
MARCCARP

G
fonths




PDF

Precip mm/day

< DRI-RCM
A NARCCAP
—BoR Obs

I CMIP-GCM
BaoR

PDF

AZ-NM: 1980-2000

Nov-Mar) Mean (Jur

0.6
0.5

0.4
0.3
0.2

0.1
0.0

0.0

Precip mm/day

22 23 24 25 26




AZ-NM: 1980-2000
Nov-Mar) g_10 (Ju

0.5

<& DRI-RCM 0.4
A NARCCAP
—BoR Obs 0.3

NN & AA

0.2 '
P |

CMIP-GCM
BoR 0.1 [
| ool " .
00 02 04 06 08 1.0 00 02 04 08

Precip mm/day Precip mm/day




AZ-NM: 1980-2000
(Nov-Mar) q_90 (Ju

: i ] 0.30 ¢
0.25¢ 1 < DRIRCM 0.25
020 F f A NAQ%%AP 0.20 F f
n : —BoRObs W : 5
IR I 7.0 SO - NNRP . B 015 MAR K A -
0.10 ~~"NARR 0.10 F 3 .
: CMIP-GCM :
0.05¢ RoR 0051 e
0.00 ¢ ) g ‘ 0.00LF __= i)
0 1 2 3 4 00 05 1.0 1.5 20 25

Precip mm/day

Precip mm/day

4 6 8 10 12 24 25 26 27
T degC




Conclusions

Observation gridded data sets do not match each other

- Scale (spatial-temporal) issues, data assimilation issues

[PCC-A4 (CMIP-GCM) models tend to overestimate winter

precipitation and some underestimate summer precipitation

[PCC-A4 (CMIP-GCM) models are cold biased while mean

summer temperatures are more consistent

BoR data converges towards the observations

- Not surprising because the bias correction was determined using this
same time period

NARCCAP RCMs solutions (forced with NNRP) tend to

concentrate around observations but spread is relatively large
especially for precipitation

DRI-RCM overestimates rainfall, likely a systematic bias
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GCM Comparison:

lerra NV and Cascades Region

GCM SN & Cascades Monthly Average Precipitation (mmfmonth) 12380-1999
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NARCCAP Comparison:

Sierra NV and Cascades Region

MARCCAR SM & Cascades Monthly Average Precipitation 15980-2004
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