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Regional Climate Downscaling Tutorial 

 Regional Climate Downscaling Tutorial 
- Model Design (Traps and Good Practices) 

8:00 – 8:50 (Cindy Bruyère) 
- Assessing Uncertainty and Evaluation of Data 

8:50 – 9:40 (James Done) 
- Break (9:40 – 10:00) 
- Bias Correction 

10:00 – 10:20 (Cindy Bruyère) 
- Statistical Downscaling 

10:20 – 11:00 (Greg Holland) 
- Applications and Use of Model Data 

11:00 – 12:00 (Heather Lazrus; Tom Galarneau; Erin Towler; Deb 
PaiMazumder; Gabi Pfister) 
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Useful References 
 Done, J.M., Holland, G.J., Bruyère, C.L., Leung, L.R., 

and Suzuki-Parker, A., 2012: Modeling high-impact 
weather and climate: Lessons from a tropical 
cyclone perspective. NCAR/TN-490+STR, 28pp. 
http://nldr.library.ucar.edu/repository/collections/T
ECH-NOTE-000-000-000-854  
 

 Warner, Thomas T., 2011: Quality Assurance in 
Atmospheric Modeling. Bull. Amer. Meteor. Soc., 92, 
1601–1610.doi: http://dx.doi.org/10.1175/BAMS-
D-11-00054.1 
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Model Design 
Traps and Good Practices 

Cindy Bruyère 
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Weather vs Climate 
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 Forecast  
Uncertainty 

Minutes 

Hours 

Days 

1 Week 

2 Week 

Months 

Seasons 
Years 

Initial Conditions 

Boundary Conditions 

 Weather Prediction  (WRF) 

 

Climate 
Prediction 
(NRCM) 

 

Climate 
Change 
(CESM) 
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Considerations for Model Design 

 Input data 
- Format ; Bias ; SST 

 Domain size 
- Area of interest 
- Inflow areas 

 Model runs 
- Long runs vs time 

slices 
- Statistical-dynamical  

 

 Choice of physics 
 Namelist options 
 Resolution 
 Nudging 
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Input data 
 Input data from climate models are typically in netCDF format 

 You still need high temporal resolution data (6 hourly) 
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 netCDF 
Climate Data 

 un-netCDF 
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SST vs SKINTEMP 
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SST vs SKINTEMP 
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Domain Size / Boundary  
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Domain Size 
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250mb Pressure 

Warner, 2011 
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Domain Size / Boundary / Nests  
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Domain Size / Boundary / Nests  
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Non-nested 36km 
18 storms 

Nested 36km 
25 storms 

2005 N. Atlantic  
27 storms actual 
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namelist 
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Output_diagnostics 
36 arrays  
min/max/mean/std 

WSM6; CAM; 
Noah; YSU; KF 
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Physics Considerations 
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Oct 15-18 

Oct 1-12 

Oct 14-20 
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Physics Considerations 
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Physics Considerations 
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Driving data: ERA-Interim 
Period: 1990-1995 
Grid Spacing: 0.44deg 
WRF Version 3.1 
 
 

Euro-CORDEX domain 

Mooney et al. (JClim) 
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Mooney et al. (JClim) 

 
MP 

 
PB 

 

RAD 

  

LSM 
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Physics Considerations 
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Mooney et al. (JClim) 

British Isles Mediterranean 
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•NRCM 
12 km 

Model Runs (Long vs Time Slices) 

•(Meehl et al 2004) 

 36km domain  
 

per 10 year 
 simulation 
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Statistical Downscaling  
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Resolution 
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36 km 

12 km 

cat 2 

cat 3 

cat 5 
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Nudging - Motivation 
 Climatologist often use nudging when downscaling global 

climate data to keep  
the model “on-track” and provide better climate statistics. 
- “One-to-one hurricane climate statistics” 

 

 This could potentially impair results  
- Global data does not correctly represent waves 
- Model not able to spin up own climate 
- Model not able to spin up small scale features 
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 1998 
- This year had 14 storms 

 36km domain 

 1 May – 1 Dec 

 

 

 Control 

 Spectral nudging @ 1000km 

 Spectral nudging @ 2000km 

Nudging – An Example 

23 

control 1000km 

2000km 
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•  The value of regional climate simulation and prediction is limited 
without an assessment of uncertainty. 

•  Many sources of regional climate uncertainty. 

•  The statistical-dynamical modeling approach can provide 
information on uncertainty, yet remains largely unexplored. 

    NCAR Tech Note:  
http://nldr.library.ucar.edu/repository/assets/
technotes/TECH-NOTE-000-000-000-854.pdf 
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!"#"$%&&'($
Society requires assessment of weather statistics, particularly 

of extreme weather events, and their impacts with regional 
clarity. 
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!"#"$%&&'($
Society requires assessment of weather statistics, particularly 

of extreme weather events, and their impacts with regional 
clarity. 

Predictions 
Uncertainty estimation 

•    A challenging problem 
•  Huge computational demands 

Regional Climate Downscaling Tutorial - June 29th 2012 



New Hazard Event Sets 

•  Physical response to climate variability and change; 

•  Events outside the historical range; 

•  Consistent data – no artificial trends; 

•  Contain error but independent of errors in the historical archive: 

  - a complimentary view of regional climate. 
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Information on Critical Hazard 
Parameters  

     Area of damaging winds        Flooding Rains 

!"#$%&'($")$")*%+(,'-).'%'&/0/%1)
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Model 
Uncertainty 

Boundary Forcing 
Uncertainty 

Regional Climate 

Initial Condition 
Uncertainty 
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Model 
Uncertainty 

Boundary Forcing 
Uncertainty 

Regional Climate 

Initial Condition 
Uncertainty 
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Model 
Uncertainty 

Boundary Forcing 
Uncertainty 

Regional Climate 

Unknown 
Unknowns Unknowns 

Initial Condition 
Uncertainty 

Analysis Uncertainty 
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Model Uncertainty: 
•  formulation of dynamics and physics (packages and 
parameters); 
•  missing physics (e.g. aerosol, dust, ocean, land surface). 



!"#$%&'$()

•  Uncertainty due to missed processes: spiral rainbands, formation 
mechanism, strength of ocean coupling, upscale impacts.  

•  May impact the response to changes in the external forcing. 

12 

36 km 

12 km 4 km 

Regional Climate Downscaling Tutorial - June 29th 2012 
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•  Uncertainty due to missed regional climate processes. 

13 Regional Climate Downscaling Tutorial - June 29th 2012 
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•  Uncertainty due to missed regional climate processes. 
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Year 1 Year 2 Year 3 

Jan Year 1 

IBM 
(Argonne National Lab’s 
Intrepid) 

CRAY 
(NCAR’s Lynx) 

!"#$%&'$()*+,-$.&/(0,

Jan Year 1 

1*23&($,-$#$(4$(25,
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0 

5 

10 

15 

20 

25 

30 

35 

2045 2046 2047 

12 km 
12 km Continuous 

•  Differences in annual frequency and interannual variability 

IBM              
CRAY 

!"#$%&'()*+&(#,-)."-/0-,&+)

Year 1    Year 2     Year 3 
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IBM 

CRAY 
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Boundary and Initial Condition Uncertainty: 
•  reanalysis uncertainty; 
•  boundary formulation – abrupt changes in model, temporal 
and spatial resolution. 

Sensitivity of regional weather and weather statistics on 
annual and interannual timescales to initial condition! 



!"#$%&'("&)*+,-%#$.*/,%*01(2'&$*+(2-1'3,"*

Regional Climate Downscaling Tutorial - June 29th 2012 19 

Boundary and Initial Condition Uncertainty: 
•  reanalysis uncertainty; 
•  boundary formulation – abrupt changes in model, temporal 
and spatial resolution. 

Sensitivity of regional weather and weather statistics on 
annual and interannual timescales to initial condition! 

- arises form non-linear relations and multi-scale feedbacks; 
- sources may include: stochastic convection; and interactions 
between surface-atmosphere, convection-environment, cloud-
radiation. 



Aim: determine the sensitivity of seasonal North Atlantic tropical 
cyclone activity to initial condition. 

Downscale Global Model (CCSM3) using the Weather Research and 
Forecasting (WRF) model. 

Jan                                    Feb  Mar Apr        Dec 

1 warm start 

9 cold starts 

       Model year n 

!"#$%&'()"*#$)"'+",-./&-'+01-2#.-"3'
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Ensemble: 
Annual mean:        15.2 
Annual range:   13 – 20 
Std dev / mean:      0.12 

!"#$%&'()*+&(#,-)!"'&./)
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•  Variability in frequency and locations between ensemble members.  

•  Consequence for regional climate sensitivity studies: 
- need to account for internal variability. 

!"#$%&'$()*+$,-(
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Radiative Forcing: 

Global radiative forcing for the high RCP8.5, the medium-high RCP6, the medium-
low RCP4.5 and the low RCP3PD.  
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Climate Response: 
•  which GCM; 
•  which ensemble member; 
•  how to handle non-stationary climate bias (Cindy Bruyère); 
•  Inherent assumption: No remote small-scale process acts 
upscale to impact the region of interest.  

 - demonstrably false (e.g. S. Masson’s talk yesterday) 
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Lorenz and Jacob (2005):  
10-year JJA 500hPa Temperature 

                                                                   Impact of 2-way 
         RCM 0.5° over  

           GCM (2.8°) Bias                            Maritime Continent 



!"#$%&'&()"*+,-#'"-%(

Example: Tropical Cyclones 
•  Tropical cyclone tracks are identified using automated tracking schemes. 
•  Assess sensitivity of cyclones to tracking scheme thresholds within the 
range in the published literature. 

36 km 

26 Regional Climate Downscaling Tutorial - June 29th 2012 

Asuka Suzuki-Parker 



!"#$%&'()'&*$%+,-.'%*,&/*,$'

Relaxed criteria 
1468 tracks/yr 

Strict criteria 
106 tracks/yr 

•  Number is highly sensitive to tracking criteria.  
•  Is it acceptable to tune tracking criteria to compare well with obs? 
•  Automated analysis schemes can be a useful diagnostic tool.  

Asuka Suzuki-Parker 

27 Regional Climate Downscaling Tutorial - June 29th 2012 
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Standard 

Relaxed 

Strict 

NRCM base  
climate

2020-2030 2045-2055 

Wind speed Duration 

Relaxed Criteria 14.5 ms-1 42 hours 

Strict Criteria 19.5 ms-1 54 hours 

28 Regional Climate Downscaling Tutorial - June 29th 2012 

Asuka Suzuki-Parker 



Developing an understanding of uncertainty in the context of finite 
computational capacity: A balance between competing demands? 

29 
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Complexity 
Resolution 

Run Length 

Domain Size 
Ensemble Size 
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Complexity 
Resolution 

Run Length 

Domain Size 
Ensemble Size 

Funding 
Stamina 

!"#$%&'()%(*%+",-$.%-/(0'1#$1)%(
Developing an understanding of uncertainty in the context of finite 

computational capacity: A balance between competing demands? 
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Complexity 
Resolution 

Run Length 

Domain Size 
Ensemble Size 

Funding 
Stamina 

!"#$%&'()%(*%+",-$.%-/(0'1#$1)%(
Developing an understanding of uncertainty in the context of finite 

computational capacity: A balance between competing demands? 



Regional Climate Simulation: 
Issues with the historical record:  
•  Short period: low sample size of the parent distribution. 
•  Assumption of stationarity: that each year samples from the same    
parent distribution. 
•  Discontinuities in data quality due to changes in data collection 
methods. 

-  opportunity for theoretical statistical distributions. 

Regional Climate Prediction: 
•  Process-based evaluation. 

!"#$%#&'()*(+,-.#/(.0)
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•  Observed regional climate datasets are considered our ‘best guess’. 
•  Suggestion that WRF can improve on these datasets . . . . .  

!"#$%#&'()*(+,-.#/(.0)
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Andreas Prein 

10-year Daily Rainfall Bias 



!"#$%&'(&)$*+'$,-&+.('$!"'(/0$1"#2&3(0$
Collaboration is driving new approaches to understanding regional 

climate uncertainty on small regions (Talk: Greg Holland) 

Genesis locations of 
storms that entered the 
red box (obs: 1966-2008) 
! formed in black box. 

Regional Climate Downscaling Tutorial - June 29th 2012 34 



•  1950-2008: 80% of worldwide insured 
losses were weather related, 
dominated by tropical cyclones. 

•  The re/insurance business is in 
understanding uncertainty. 

•  Industry is dominated by a 3-member 
ensemble of risk. 

•  Regional climate modeling, coupled 
with exposure, vulnerability and  
financial modules is poised to be a 
game changer for the industry.  

!"#$%&'(&)$*+'$,'-."&/(0"1'$."#/&2(3$
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•  The value of regional climate simulation and prediction is limited 
without an assessment of uncertainty. 

•  Many sources of regional climate uncertainty. 

•  The statistical-dynamical modeling approach can provide 
estimation of uncertainty, yet remains largely unexplored. 

    NCAR Tech Note:  
http://nldr.library.ucar.edu/repository/assets/
technotes/TECH-NOTE-000-000-000-854.pdf 
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Bias Correction Methods 

Cindy Bruyère 
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Cat 3 Hurricane 
October 2046 

Track density of model tropical  
and extratropical storms 
Jan-Dec 1995 

 

Biases in Climate Model Data 
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Bias in CCSM Model  
CCSM - Observed ASO Averaged SST  CCSM ASO Averaged shear (m/s) 

 
NCEP/NCAR Reanalysis 

• The accepted approach  
in evaluating climate models  
is to utilize anomalies rather than absolute fields.  
– If decadal anomaly trends in the current climate is correct, we have some 

degree of confidence in the future anomaly predictions.  
– We have confidence in the anomalies, even if there may be biases in the 

absolute fields. 
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Climate Model Fields (SST in MDR) 
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Correcting Biases 
 Altering the mean state 

 

 Perturbing current climate (Pseudo Global Climate Warming) 

 

 Quantile-Quantile mapping 

 

 

 Altering the mean and variance  
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Biases in Climate Model Data 

 FC = CC +  

 Use current climate 
variability, and 
perturb with an 
estimated climate 
change 

 
 

FC = CC +   

 Use a current climate 
average and the 
predicted future 
climate tends and 
variability 
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• Describe 6-hourly CCSM data for entire simulation (1950-2060) as an 
average annual cycle plus a perturbation term: 

  CCSM   = CCSM + CCSM’   (1) 
 - using a 20-year averaging period (1975-1994), 
 - applied to variables: U,V,Z,T,RH,Surface T and PMSL 
 

• Do the same for NCEP-NCAR Reanalysis data: 

  NNRP   = NNRP  + NNRP’   (2) 
• Replace CCSM with NNRP: 

  CCSMc = NNRP  + CCSM’  (3) 
 

•Base climate provided by NCEP-NCAR Reanalysis data and the 
weather and climate change signal provided by CCSM 
 

 

 

 
  

Bias Correction 
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Sensitivity Studies 

8 

NRCM NCEP/NCAR Reanalysis 

NRCM + channel configuration NRCM + Reynolds SST 
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Choice of Base Period 
 The 20-year period of 1975-1994 was chosen based on: 

! long enough time to smooth out El Niño oscillation 

! quality of data prior to 1970’s is questionable   

! exclude climate shift in 1990’s 

! a period away from our modeling time slice of 1995-2005 

 

 Caution: Multi-decadal variability, climate trends and shifts. 

! 1975-1994 (average 8.9 TC/y) 

! 1995-2005 (average 14.3 TC/y) 
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Choice of Base Period 

Adjusted N. A. Regional Climate 
ASO Averaged shear (m/s) 
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1995-2005 2020-2030 2045-2055 

 # Tropical Cyclones 16 13 11 

 # 6-hourly data points 108 75 33 

 Average Vm (kt) 
 Max Vm (kt) 

55 
87 

63 
91 

50 
88 

 Average Rmax (nm) 49 31 34 

 Average Vt (kt) 12 15 19 

 Average CDP 
 Max CDP 

4.6 
7.7 

4.5 
8.1 

2.2 
5.0 
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Wind speed 
distribution shifting 
to right 

Projected increase in TC 
intensity, but model can only 

resolve up to Cat 2. 

How do we assess the 
extremes? 
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We utilize the Weibull distribution for 
which the CDF and PDF are: 

Where  parameters a and b determine the scale and the 
shape, respectively.  
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Mean :µ := a! 1+ 1
b

!

"
#

$

%
&

Variance :! 2 := a2' 1+ 2
b

!

"
#

$

%
&(µ 2 ,
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PE69=Cat5 
PE58-Cat4,5 
PE48=Major Hurricanes 
PE32=Hurricanes 

L_+993,/"3,/"):N:7'"IF!IO"
Holland WRF Regional Climate Tutorial 0612 I!"



Holland WRF Regional Climate Tutorial 0612 II"

!5I8G8$T'

L_+993,/".4"39"IF!IO"



Holland WRF Regional Climate Tutorial 0612 IT"

(@22*$"'
•  !"#$%&'()*+,+-*./0"1*2%-*.'344$5*-68,'I%..'#8'*1'

8,,81+*.'-5245181)'5F'*1"'$89%51*.'-.%2*)8'*44.%-*+51J'
•  =E*24.8,'N1-.@&8M'

o  !"#$%&'$#((
o  )"*$+,-.",/(0"-'/#.#(12-%$#(34"$5(
o  678(
o  349"#*-'.":;(

o  !%<.+.*-'(
o  =>$-,?$+@(A$"$+-,4+#(
o  3.+$*,(84*.$,-'(349"#*-'.":(

o  =B$#*-'.":@(
o  !C,+$%$(D-'E$(F?$4+/(

o  7,?$+SSS(



Regional Climate Downscaling Tutorial  
June 29, 2012 

Tom Galarneau, Heather Lazrus,  
Debasish PaiMazumder, and Erin Towler 

Because extremes matter: 
Applications and use of model data 



Why do we need to use a high-
resolution climate model?  

!"#$%&'"'()* +,'-.)/0'"'()*

12&2'0'"'()* 34&.0'5'"'()*

•  Extremes are 
important across 
disciplines and 
applications  

Because extremes matter  
•  Models resolve 
multi-scale 
processes that 
influence high 
impact weather. 



How do we use regional climate 
modeling? 

•   Explore high impact weather 
•   Hurricanes (Tom) 
•   Drought (Deb) 

•   Investigate impacts  
•   Eco-hydrology (Erin)  
•   Societal (Heather) 

Model 
process 
fidelity 

End 
user 

needs 
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How can we link climate information 
and ecological impacts? 

Impact 
Model 

Impact models “translate” climate information into 
application-relevant information 



Demonstrative example: 

•  Investigated impacts on a 
species of conservation 
concern, the Lewis’s 
Woodpecker  

•   Collaborated with wildlife 
biologists to characterize ecological 
impacts  
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Impact model relates nest survival 
to temperature 
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to temperature 
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An “extreme” 

Ecological systems 
are often more 
sensitive to weather 
extremes than to 
climate averages 



NRCM shows 3 degree 
increase in daily 
maximum temperature 

Climate model provides 
maximum temperatures 
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Use climate info in conjunction with 
impact model to quantify outcome 
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impact model to quantify outcome 
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Impact Model Climate 
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Need to “translate” climate information 
to be decision-relevant 
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l 

•   Nest survival is more relevant to 
management decisions than  raw 
temperature information.  

•   Need to consider human 
dimension of decision making 
•  Forthcoming drought ex. 

Decrease in nest survival 

Email Erin with questions: towler@ucar.edu 
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this expected 
in the future? 
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Figure 18. Projected annual total biomass burned for the present day (left) and 1495 

midcentury (right). Results for the regressions are in the top row and for the 1496 

parameterization in the bottom row. Results for regressions are during 1986-2000 for the 1497 

present day and 2051-2065 for mid-century. For parameterization, two periods are 1498 

1981-2000 and 2046-2065. The annual total biomass burned over the western United 1499 

States is given for each panel. 1500 
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