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Definitions

e Regional Climate Modeling: a.k.a.
— Dynamical downscaling
— “Nested” Regional Climate Model (RCMs)
— Limited-Area Model (LAM)
 Nested: telescoping the domain grid size from

an outermost coarse grid size to a inner
domain at finer grid size.



The multiscale problem

Scale

Definitions: w pra iy ‘nm
e Microscale (10m-1km). . Ay 4

Mesoscale

e Mesoscale (~1-100km). s

sting
time spend at

* Synoptic (~1000km).
» Large-scale (continental-hemispheric).

e Combinations... Cold front (mesoscale across;
synoptic-scale along).
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GOES Satellite visible
imagery. Whites indicate
clouds. Source:

Nasa.gov




HORIZONTAL SPATIAL SCALE

...The multiscale problem..
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Fig. 1.15 Typical time and space orders-ol-magnitude for micro and mesoscales. (After Orlanskd, 1975.)
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Energy dissipation: Large Scale to Fine
Scales

* Climate varies across a wide range of temporal
and spatial scales.

e “Large-scale climate determines the environment
for mesoscale and microscale processes that
govern the weather and local climate, but,
likewise, processes that occur at the regional
scale may have significant impacts on the large-
scale circulation.”
http://www.mmm.ucar.edu/facilities/nrcm/nrcm.

php



The atmospheric model: Numerical
Solution of the Primitive Equations

—

Navier-Stokes Equations of D | _
Motion of the atmosphere: some o L +fo+ 1V
terms may be negligible ! p ox
(“Characteristic scales” ) Ny | 2
depending of the simulated — - — _£ - fu + ¥Viy
phenomena. D p dy

i;}—t - —li—'ﬂ — g + Wi
Plus Conservation of Mass, and P oz
Thermal Energy Balance Total derivative:
equations . Da _ da ia da  da
6 by 6 system of partial e Yax Y iy W T a
differential equations: u, v, w, P, T,
Q. -




Scale analysis for different scales

Order of magnitud of the variables involve

p [kg m-3] 1
g [m s*-2] 10
i 45°
Ap Ap [Pa]
Scale Parameter T [s] U[m s-1]] w [m s-1] L [m] D [m] fo [5-1] a [m] [Pa] {Vartical) | Q [rad s-1]
i) Large Scale 100000 10 0.01 1000000 10000 0.0001 6370000| 1000 100000 0.00007 287
i} Mesoscale systems 10000 10 1 100000 10000 0.0001 6370000 | 100 100000 0.00007287
iii) Thunderstorms 1000 10 10 10000 10000 0.0001 6370000 100 100000 0.00007297
Terms of one of the horizontal components of the equation of motion for a spherical earth
Scale; Units di du y Uw 1 dp _
gt T o expresged In _EI _ th.ﬂ;ﬁ _a — p-— a 200y Elﬂljﬂ' 2 O Gﬂsﬁ
i) Large Scale U0 000010 |'E57E-05] 1.5TE=D8.]  0.001 0.001 ' GBS | :_,’f .| Negligible terms
il) Mesoscale ststems 0.001 1I57E-0S | 1.57E 0.001 0.001 GEEESE-DS.
iii) Thunderstorms 0.010 |1 GiE05] 1,671 0010 |5 0/0017]]| 0.000766855]~
This term becoma| Curvature tems playa |11 &0 This term This ferm become
mire important as negligable rall in thia Fma :nl:ma become less mare 'mm"am,ﬂ"
Wi move dawn in equation and these mportan EEI“'E impartant as we We move dn-.rm "
scale scales. move down 0 | move down scale|SCale But is not
seale large enouwgh
Temirs of the veriical component of the equation of molion for a spherical earth
Scale; Units are expressed in aw :I:-!z -i—'l.‘Ij 1 515 —F 20y cos 'Fi
mis~? o = _;E
i} Large Scale | 0.0000001: 3@’ 10 10 e s
ii) Mesoscale systems | 0.0001 00| 3 14E05] 10 10 000t 4
i} Thunderstorms 0.010 |3 14E05 10 10 HO0ET Ve
erticzl motions
become mare
impertant 25 we | all these term don't change In magnitud as we go down scale.

go down in scale
af the phenomena

From Mejia, 2005, Mesoscale simulations...
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The need of physical parameterization

Soil hoisturef
Termperature

Yegetation

- ‘.I!';!i';'q:i' o :I- Z
Evapo-Transpirations - e

The CORET Prograrm
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h"""--’?.r The COMET
o]

FFFFF Fn

-Sub-grid scale processes
solved as a spatially implicit
models.

-Suffer of the scaling
problem.

-Larger scale evolution of the
system controls the sub-grid
processes processes
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However: The physics representations are
scale dependent and highly inter-related

Radiation
4 N/
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boundary and >  Energy
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S o/ "~ v
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Horizontal Resolution

Grid-point model resolution: Spectral model resolution:

Related to grid spacing and Related to number of waves

number of grid points used to represent the data . .
At least 5 points to define

d Wave...

it W + AN e

1] 50 100 150 200

Distance (km)

Tha CAMET Branrmam

EGAMPS Etﬂ MME WHF The COMET Pragram
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Vertical

o=0

o=1

Figure 1.4. Idealized vertical cross-section showing the orientation of the
sigma levels in a NWP model vertical grid over a bell-shaped ground
surface. The ground is indicated by the diagonal hatching. Note how the

sigma levels follow the terrain.

Resolution

— T s

TNz

N1z

Ntz =1

Figure 1.6. An idealized vertical cross-section of the step topography used
by the Eta coordinate. Each T indicates a mass variable within the grid
box, while each U represents both horizontal wind components. The
quantity p, is the surface pressure. The circled U’s on the sides of the
steps indicate wind points that are defined as zero at all times of the model

integration. From Black (1994).

6 surfaces

~150 hPa deep{ o layers

o=1

Figure 1.8. Schematic of the vertical structure of a hybrid sigma-theta
coordinate system over a bell-shaped mountain. The sigma surfaces are
used next to the ground surface and throughout the planetary boundary
layer, while the theta surfaces are used for the free atmosphere. This
provides for very good resolution of features in the boundary layer and in

frontal zones.
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Atmospheric Models: Numerical
weather prediction and Regional
Climate Model

e NWP models and RCMs require
huge computational resources.

e The spatial scale we resolve
such models: — S |

Forecast
Equations

— Physical parameterizations = | \ L > |
. . . wers ' .l | ||
designs for limited scales.... /—’7—"‘ 3 e System \ .' |

| | | — |

— Computer resources... AT A
. I| ,,-i - ._R_e?g{r_uti:rn b1 ‘P&gﬁamelelw'ﬁticm |

— Relevant questions... DV i 0 e |

X Giid |
% Spacing. %

The COMET Program
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Weather vs Climate Mode
arameter | weather _|cimate

Sea Surface Temperatures  Kept constant as observed
(SSTs) during initial time
integration of the model

Albedo and Vegetation constant

Green house gases, ozone, constant
and aerosol
concentrations

Bottom soil layer constant

NSF EPSCoR Tri-State Meeting,
Albuquerque, NM,2011.

Prescribed and updated
regularly, e.g., 6-hourly or
daily...From observed or
simulated SSTs

Prescribed fields: e.g.,
based on long-term
monthly means

Prescribed observed or
predicted trends

Updated fields
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Regional Climate Models (Mesoscale

Models)

The Weather Research and Forecasting (WRF) Model
http://www.wrf-model.org/index.php: NCAR,
NOAA/NCEP, FSL, FWA, NRL, Univ. of Oklahoma, FAA.

CRCM - Canadian Regional Model
http://cccsn.ca/?page=download-crcm

ECPC RSM — Scripps Regional Spectral Model
MMS5 — NCAR/PSU model
HadRM3 - Hadley Center regional model v. 3

Regional Climate Model (RegCM): The International
Centre for Theoretical Physics
http://users.ictp.it/~pubregcm/RegCM3/
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Appropriate Spatial-Temporal scales

e Large-scale climate determines the environment
for mesoscale and microscale processes that
govern the weather and local climate.

e The finer the scales the better the model
solutions?

Well, we know that topography, lakes and land-
sea contrast, vegetation and land use are better
represented.......

e but, are the physical schemes scale-invariant?



...Appropriate Spatial-Temporal scales

 Consequently, the model can better resolve the
effects of underlying topography/surface forcing
and mesoscale circulations. Examples of these are
processes strongly forced by topography:
— orographic precipitation
— monsoon circulations.

However,

* The sensitivity of physics parameterizations to
model grid-spacing may overwhelm any benefits
of higher resolution simulation.
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RCM d om al N Global Climate Model

(GCM) provides the
lateral boundary
conditions (LBC) for the
RCM

Tha COMET Frngra'm'

GCM F0 -“GCM
It is impractical to run a | § i
Atmospheric and | 005 230:230 4o -
Oceanic GCMs (AGCM and o TRt
OGCM) at scales ~ 10km "oz osET@ 1AM kSN 7

| D01 120 x 93 @ 36km

GCM
Nested RCM for dynamical downscaling over the SW North America (at 36 km grid
size), the Great Basin (at 12km grid size) & Tri-State, and Nevada (at 4km grid size).

Gray shadings represent approximate location of the Great Basin region.
NSF EPSCoR Tri-State Meeting,

Albuquerque, NM,2011. =



The importance of the Lateral
Boundary Conditions (LBCs)

e RCM solution vary with:
— Size of the computational domain,
— Location
— Season

e LBCs provided with high temporal resolution to
capture the temporal variations of large-scale flow.

e Some RCMs also use “nudging” or relaxation of large
scales in the interior of the domain; minimizes
distortion of the large scales inside the RCMs domain,
although it can also HIDE model biases.



Regional Climate Model:
Weather and Research Forecasting (WRF) model
Maintained by NCAR http://www.wrf-model.org/

Does physic schemes selection affect the predictions?

MP Rad LSM PBL Cu

1 WSM6 RRTMg Noah-4 ¥YSU KF
2 WSM6 RRTMg Noah-4 MY J-TKE KF
3 WSM6 RRTMg Thermal-5 YSU KF
4 WSM6 RRTMg Thermal5 MYJTKE KF
5 WSM6 CAM Noah-4 YSU KF
6 WSM6 CAM Noah-4 MY J-TKE KF
7 WSM6 CAM  Thermal-5 YSU KF
8 WSM6 CAM  Thermal5 MYJTKE KF
9 Thompson RRTMg Noah-4 YSU KF
10 Thompson RRTMg Noah-4 MY J-TKE KF
11 Thompson RRTMg Thermal-5 YSU KF
12 Thompson RRTMg Thermal5 MYJTKE KF
13 Thompson CAM Nozah-4 YSU KF
14 Thompson CAM Nozah-4 MY J-TKE KF
15 Thompson CAM Thermal-5 YSU KF
16 Thompson CAM Thermal-5 MYJITKE KF

Microphysics (MP); short- and long-wave radiation (Rad); Land Surface Model
(LSM); Planetary Boundary Layer(PBL);Cumelus physics (Cu)

Albuquerque, NM,2011.
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From GCM ~250km to 4km

Mean Temperature
NCEP/NCAR reanalysis 36 km

42

40

38

36

34

4

40

38

36

D - .
= 25
122 -120 -118 -1fdbuguiérque, NM,2622l. -120 -118 -116 -114



rainfall [mm]

Tmin, Tmax [deg_C]

Day-to-day Variability
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RMS Error: Minimum Temperature

RMS - Tmin [deg_C]
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16

NSF EPSCoR Tri-State Meeting,
Albuquerque, NM,2011.

28



Regional Climate Modeling:

Weather and Research Forecasting (WRF) model

MP

Rad

OWwWodoUunphwNnpe

- e e
mabwmu

WSM6
WSM6
WSM6G
WwWsmMe
WSM6
WSM6E
WSMG6
WSM6
Thompson
Thompson
Thompson
Thompson
Thompson
Thompson
Thompson
Thompson

PBL Cu
YSU KF
MY J-TKE KF
YSU KF
MY IJ-TKE KF
YSU KF
MY J-TKE KF
YSU KF
MY J-TKE KF
YSU KF
MY J-TKE KF
YSU KF
MY J-TKE KF
YSU KF
MY J-TKE KF
YSU KF
MY J-TKE KF

NSF EPSCoR Tri-State Meeting,
Albuquerque, NM,2011.
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Albuquerque, NM,2011.
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Cross section details of precipitation: 36, 12, and 4 km grid size
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Problematic boundary conditions

NCAR_CCSM3 MIROC3_2_HIRES

Third Coupled
Model Inter-
comparison
(CMIP3) S . - ——a

58 veu s IR e e 0, gl { o

T g N ¥
I P‘ ‘ _A R4 140W 130W 120W 110W 100W 90w 80W  140W 130W 120W 110w 100W 90w 80w

GFDL_CM2 ~ MPI_ECHAM5

35N

SST
diff [K]
6

S &h b b N LN o 4N w s oo

58 {
140W 130W 120w 110w 100W 0w 80w 140W 130W 120w 110w 100W 0w 80w

GCM Sea Surface Temperature biases (1982-2000)
When comparing against NOAA Optimum Interpolation SST Analysis V2.0 (OISST)



SST biases for 17 different GCMs (CMIP3)
and NARR w.r.t. NCEP/NCAR reanalysis.

Period 1982-2000.

Ideally, ensemble average has better skill
than a single model.

But in this case, the models in the ensemble
have systematic errors

The ensemble itself is out of the solution
domain with seasonal dependence.
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Integration with Hydrological and
Groundwater Model

A

_GCM ~100- 250 Km
—
Atmospheric /s/4 Dynamlc:al downscallng
Models ARCM ~10 Km
/’ Stat. downscaling
S “—— ~1 Km-to-station
e e
Dyn./Stat. downscaling
GCM forcing ~1 Km-to-weather station

Surface water
 Model

PRMS < 0.1-1 Km
4 Also needed...
GSFLOW Bio-ecology
Vadose/groundwater <= ' = (vegetatlon dy.namlcs),
— Model = Socio-economical
MODFLOW < 0.1-1 Km models (landscape)
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Integration with Air Pollution Models

180E 160w 1400 120W

W | TEE T

gy e
coppe

e
I |
.

i e e

Japan Radiation Plume: 03/12 — 03/18; Meteorology from WRF-30km + Dispersion Model
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Summary

Grid size and regime dependence. However,
finner-resolution does not translate into overall
better simulations.

In our example, 36 km runs does provide
better error statistics, while 4 km runs
Improve spatial distribution. (non-linear
Interactions, dynamics).

Sensitivity to physics schemes selection
reveals some potential for regional
optimization.



Summary

Daily rainfall:
model overestimates rainfall amounts with large
scale dependency.
model underestimates frequency of small events
and overestimates frequency of large event.
Daily Tmin and Tmax:
Tmin warmer than observed
Tmax colder than observed
While colder months display larger differences.

Simulated biases MUST be corrected!

- We can either create better physical
parameterization tools (very expensive!!l)

- Use bias correction methods (affordable!!).



Remarks

Appropriate implementation of the RCM for present
and future climate dynamical downscaling tool
requires an immense amount of work/computer
resources.

While, statistical downscaling is computationally
efficient it does not take care of non-stationarity (e.g.
trends in the mean and variance).



Remarks

e “The ability of RCMs to simulate the regional
climate depends strongly on the realism of the
large-scale circulation that is provided by the
LBCs”

C
P
C

Further reading: IPCC Fourth Assessment Report:

imate Change 2007; Working Group |: The
nysical Science Basis; Assessment of Regional

imate Projection Methods

http://www.ipcc.ch/publications and data/ar4/

wgl/en/ch11s11-10.html




Simulated Hydro-Climate
Variability and Change Data

John Mejia

Desert Research Institute
Department of Atmospheric Sciences
John.Mejia@dri.edu

NSF EPSCoR Tri-State Meeting,
Albuquerque, NM,2011.
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Got RCM data? (1)

* DRI-RCM

* Lead by the DRI-Climate Modeling Group(contact John Mejia@dri. edu)
e Sponsored by NSF-EPSCoR, NV !
e Based on WRF-Climate Mode.

e 36 and 12km domains

* NCEP/NCAR, CCSM3 (SRES-A2, A1Fi, B1)
e Up to Hourly

80 90 20 30 40 50 60 70 80 90

---

NSF EPSCoR Tri-State Meeting,
Albuquerque, NM,2011.
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Got RCM output? (2)

The North American Regional Climate Change
Assessment Program (NARCCAP):
http://www.narccap.ucar.edu/

00000

00000

Lead by NCAR (Mearns & collaborators) “|
Sponsored by NSF, DoE, NOAA, EPA ]

HT

NSF EPSCoR Tri-State Meeting,
Albuquerque, NM,2011.
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NARCCAP PLAN

C A2 Emissions Scenario )

l \

GFDL CAM3
Time slice / \ Time slice

|

50 km 50km

1971-2000 current Provide boundary conditions 2041-2070 future
MM5 RegCM3 CRCM HADRM3 RSM WRF
lowa State/ UC Santa Cruz Quebec, Hadley Centre Scripps NCAR/

PNNL ICTP Ouranos PNNL




CRCM

ECPC/ECP2

HRM3

MM5I

RCM3

WRFP/WRFG

Dynamics

Monhydrostatic,
Compressible

Hydrostatic,
Incompressible

Hydrostatic,
Compressible

Monhydrostatic,
Compressible

Hydrostatic,
Compressible

Manhydrostatic,
Compressible

3 points Perturbations
Lateral Boundary (Davies 1976); relaxed at <4 paints 4 points (linear 12 paints 15 grid points
spectral . [{Davies and . (exponential (e=ponential
Treatment h boundaries: relaxation) - -
nudging of spectral filter Turner 1977) relaxation) relaxation)
herizantal wind. |7
Land Surface CLASS MNOAH MOSES NOAH BATS MOAH
Thermal / Water
La 33 44 44 4/4 1/3 44
52 classes
. . {Wilsen and |16 classes from
‘u’e_grel:,al:lnn ;?Ilé::s:tatmn 13 classes Henderson- |[USGS SiB 19 classes E:;IS'EEEEE
ypes Sellers model
1985)
Local K, Hong-Pan
gradient First order 5 Man-lacal K, Yonsei Univ,
5 Hong-Pan non- [MRF) ) .
Boundary Layer |[Richardson turbulent ) countergradient||[explicit
local K . countergradient, ;
number mixing fluz entrainment)

farmulatian

non-local K

Prognostic

cloud liquid .
Explicit Moist ||Removal of Remowval of and ice; Dudhia simple SUBEX, Prognostic
N . . L . prognostic cloud liquid and
Physics supersaturation||supersaturation||liquid ice . 3
i cloud water ice, rain, snow
potential
temperature
. Grell with Kain- Fritsch2
Cumulus Mass Flux i'::ﬁgi:? :zr;d::r:ux' Kain- Fritsch2 |[Fritsch- mass flux
Perameterization g mass flux Chappell [WRFP] / Grell
Schubert downdraft
closure [WRFG]
Mumber of
Verkical L Is 25 28 19 23 18 35
. . Hybrid terrain . .
Type of Vertical |[Gal-Chen Mormalized fallowing B Siama Terrain Terrain
Coordinate scaled-height ||pressure 9 g following faollowing
pressure
Original Grid Size ||160 = 135 161 = 1326 171 = 146 160 = 1320 155 =120
Sponge Zone
Degth (aridpte) | 1° 14/20 [=/y) 8 12 10.5
Lt_angl:h of 900 Seconds 100 seconds 200 Seconds ||120 seconds 150 Seconds 150 seconds
Timestep
tasmin/tasmax || . . . .
Calculation®  ||FMEStEP timestep timestep timestep Z-hourly hourly
Spectral Nudging [[ves Ves Mo Mo Mo M

http://narccap.ucar.edu/data/rcm-characteristics.html
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Got GCM Variability and Change data?

 World Meteorological Organization/World
Climate Research Programme's (WCRP's)

* Intergovernmental Panel on Climate Change
(IPCC). Fourth Assessment Report (AR4-2007),
Fifth AR coming on 2013-147.

e Coupled Model Intercomparison Project (CMIP3
used for AR4; CMIP5 for AR5)

 Where can you download these data?

NSF EPSCoR Tri-State Meeting,
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WCRP CMIP3 multi-model dataset
The Program for Climate Model Diagnostics and
Intercomparison (PCMDI) - Lawrence Livermore
National Laboratory DATA PORTAL
http://www-pcmdi.llnl.gov/

<« c Ocmip—pcmdi.llnl.gov_.-‘”'1ce:=<.'1t'Tu ?submenuheader=0 U di ¥
@ HSBC Direct - Onlin... [ Communications Ex... TV Listings m OUWxF Mg PHL-Panamerican H... [ Log Out E DRI e-rnail @ DRIVPN ) Course: ATMST06 - ... T My T-Maobile # [ Other bookmarks

PCMDI - Program For Climate Model Diagno and Intercomparison CAl AMIP FMIP A Contact

N, % United
penm@®  Yong,  Japan Kingdom

: i Frane,
uss® o gorea  ggrmat™ "ance
e

The Netheriands

Home MNews CMIP3 CMIPS Accomplishments Links Contact

Home | Overview |

Overview = 5 5
CMIP - Coupled Model Intercomparison Project - Overview
History -
Hews Under the World Climate Research Programme (WCRP) the Working Group on Cloupled Modelling (WGCM) established the Coupled Model Intercomparison Project (CMIP)
s==————————=—| as a standard experimental protocol for studying the output of coupled atmosphere-ocean general circulation models (AOGCMs). CMIP provides a community-based
CMIP3 infrastructure in support of climate model diagnosis, validation, intercomparison, documentation and data access. This framework enables a diverse community of scientists

to analyze GCMs in a systematic fashion, a process which serves to facilitate model improvement. Virtually the entire international climate modeling community has
participated in this project since its inception in 1995. The Program for Climate Model Diagnosis and Intercomparison (PCMDI) archives much of the CMIP data and provides

CMIPS
e e i+l other support for CMIP. PCMDI's CMIP effort is funded by the Regional and Global Climate Modeling (RGCM) Program of the Climate and Environmental Sciences Division

Linke of the U.S. Department of Energy's Office of Science, Biological and Environmental Research (BER) program.

n

Coupled atmosphere-ocen general circulation models allow the simulated climate to adjust to changes in climate forcing, such as increasing atmospheric carbon dioxide.
CMIP began in 1995 by collecting output from model "control runs"” in which climate forcing is held constant. Later versions of CMIP have collected output from an idealized
scenario of global warming, with atmospheric CO2 increasing at the rate of 1% per year until it doubles at about Year 70. CMIP output is available for study by approved
diagnostic sub-projects.

Contact

Phase three of CMIP (CMIP3) included "realistic” scenarios for both past and present climate forcing. The research based on this dataset provided much of the new material
underlying the Intergovernmental Panel on Climate Change (IPCC) Forth Assessment Report (AR4).

Current Intercomparison - CMIP5

NSF EPSCoR Tri-State Meeting,

Albuquerque, NM,2011. =



Special Report on Emissions Scenarios - SRES

Global Surface Warming (°C)

SRES Scenarios +4 ; SRES scenarios A2
] AlB ——
+3 - B1 ——
+2 =
= OC :
+1 =
] 17
] 21
O = 21
] 23
5 -1 - from IPCC Fig 10.4
1900 2000

Year
Figures adapted from http://www.ipcc.ch/index.htm

Scenarios of socio-economical and environmental

2100

translated into the GCM driving forces: greenhouse gas

and aerosol emissions.

NSF EPSCoR Tri-State Meeting,
Albuquerque, NM,2011.
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Couple Atmosphere-Ocean GCMs

Data Availability Summary (as of 27 February 2008)

shaded area indicates that at least some but not necessarily all fields are available for data type indicated

time-independent land surface 3-hourly atmosphere m 1 Extreme Indices

1 _maonthly-mean atmosphere time-independent ocean Forcing
daily-mean atmaosphere m 1 monthly-mean ocean - ISCCP Simulator
Picntrl PDentrl 20C3M Commit SRESAZ  SRESATB SRESB1 1%fo2x  1%ftodx Slabcontl  2xCO2 AMIP

BCC-CM1, China

BCCR-BCMZ.0, Norway
CCSM3, USA | I I |
CGCM3.1(T47), Canada |
CGCM3.1(T63), Canada
CNRM-CM3, France |
CSIRO-MK3.0, Australia | | |
CSIRO-MK3.5, Australia
ECHAMS/MPLOM, Germany | | |
ECHO-G, Germany/Korea I L I
FGOALS-g1.0, China P | |
GFDL-CM2.0, USA I
GFDL-CM2.1, USA
GISS-AOM, USA |
|
[
.

I

GISS-EH, USA I
¥ J

HE ﬂ i

INM-CM3.0, Russia
IPSL-CM4, France
MIROC3 . 2(hires), Japan
MIROC3.2({medres), Japan
MRI-CGCM2.3.2, Japan
PCM, USA
UKMO-HadCM3, UK
UKMO-HadGEN 1, UK

—--

GISS-ER, USA
NSF EPSCoR Tri-State Meeting,

INGV-SXG, ttaly
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Bias-Correction and Spatial Disaggregation (BCSD)

Statistical Downscaling Approach:
http://edo-dcp.uclinl.org/downscaled cmip3 projections/#Welcome

E C | ® gdo-dcp.uclinl.org/downscaled_cmip3_projections/#Welcome bkd
B HSBC Direct - Onlin.. [ Communications Ex.. J TV Listings m OUWxF Mg PHL-Panamerican H... [ Log Out E DRIe-mail @ DRIVPN ™0 Courset ATMST06 - ... T My T-Mabile *  [] Other book

RECLAMATION .

As B Bias Corrected and Downscaled
SenteClova WCRP CMIP3 Climate Projections
University
CLIMATE m CENTRAL Thiz site has been optimized for Internet Explorer (IE} 6.% IE 7.% and Firefox 2.%

Requires JavaScript to be enabled.

(updated January 25, 2010 - Now serving Gridded Observations and intermediate BCSD data
products)

ontains fine spatial-resolution translations of
VCRP's) multi-model dataset, whic
*anel on Climate Change Fourth Assessment Report. Please see the "About” for information on data develop ding the metl
on and spatial downscaling.

ide planning anahysts o cli wrojections spatially downscaled to a finer spatial resolution. €8s permits several types
of analyses, including:

assessment of | o regional clmate projection uncertain
assessment of climate change im| = on natural and social systems atershed hydro ;
ased exploration of planning and poli esponses framed b ential climate changes evident in these projections.

osystems, water and energy demands).

ember . 1] i b-site has served approximately 4.3 terabytes of data to roughly
issued through 4500+ data requests. G apl ed the contiguous | and parts of southern Canada and northern Mexi

Terms of Use
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BCSD

e 1/8% degree (~12km)
resolution gridded
Precipitation and Surface
Air Temperature

e Monthly time increments
e 1950-2100
e SRES Alb, A2, B1

_I’ageE:Teqnﬂ&SanEmt Page 3: Analysis, Format, & Notification

atituds Nthruugh N

Use the above Iatflong menus to control the red box posmon

Ibuquerque, NM,2011.

Step 1.1: Variables Help
Precipitation Rate (mm/day)
Surface Air Temperature (deg C)

Step 1.2: Emissions Scenarios, Climate Models and Runs Help
De-select all runs None | Mone | Hone T
Select all runs Al | Al | Al |

Climate Models: Emizsions Path: Alb Emizsions Path: A2 Emissions Path: B1
beer berz 0 |RICICICIO0 OO OEMOO0O00O00MOO0OO0O0
ceema_cgem3_1 || (W] (W] (W] (W] (W] ][] 1) (@] @] 0 0 [0 O] ] )| 1 @0 0 @ @0 1 0]
enrm_ems3 FEOOOOOO00MOOOO0008OO000000
esrom3 0 |FIOCOOOO0OO0OMOOOO0000MOO00000
gfdl_cm2_0 MOOOO00O00MO000000(O000000
gfdl_cm2_1 EOOOOOOO0MOOOO00008OO000000
™ s ve| [Precreeter [D@O@O 00 OMO000000[MO000000
ongnae _zeows eroes|  fomemz 0 (MO D000 DO 00000 0®MOC000000
ipsl_cmd MOOOO0000MO000000(O000000
miroc3_2_medres| (V] (@] (@] [ ][] 11 1) B EE0 O C1C] O] O] @R ECTCTC 0]
mub echo_g | EICICICTCTCEIEEC]C]TC]C] O @ e EC 0]
mpi_echams || (W] [ (@1 (] L 1 O] C)) 61 W W0 O C1 1 E1 O B0 @1 &0 C1 CT T O
mri_cgem2_3_2a || (¥ ¥ ] @] (¥ (] (] L)) ] @1 (@1 @0 @0 1 O B0 @1 @0 B @1 00 O 0
ncar_cesm3_0 || [¥] (W] (W] (] (@] (@] (&) (0| (9] (900 (] (&) (] (] (2 (1) (&0 [ [ (] (@] @0 & ]
ncar_pcmt i a7 v a2 2
ukmo_hadem3 | M 11O O OO OO0OO0OO0O0O0)MOOO0OOOO0ONO
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F2: Use of Climate Records:

Downscaled Products
Intercomparison

King et al. : Regional Climate
Modeling activities over
intermountain West.

Thursday 8 April, 3:45pm....
Room: Bear A&B..
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More on Future Climate Projections

 Dynamical Downscaling

— Chris Castro and F. Dominguez: University of
Arizona

— UW, UT, LLNL, PNNL, lowa State Univ.
e Statistical Downscaling

— Walden Von, Brandon Moore: Univ. of Idaho



Station-based model intercomparison
exercise

John Mejia

Desert Research Institute
Department of Atmospheric Sciences
John.Mejia@dri.edu

NSF EPSCoR Tri-State Meeting,
Albuquerque, NM,2011.
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Evaluating the downscaling techniques
(lab exercise):

e Monthly means time increments 1997-2008.

e Observation from 3 different surface stations.

e Minimum and Maximum temperature.

e Two GCMS forcing (CCSM3 and NCEP/NCAR reanalysis)

e Statistical and Dynamical (RCM 36km and 12km grid
sizes) downscaled data.

e Error definitions.... Root Mean Square Error, Mean Bias,
Skill Score.

e Stratification of results: cold season (Dec-April), warm
season (Jun-Sept), all year.....



From gridded data to station-based
data

* Interpolation scheme:
— Nearest neighborhood?
— Bilinear interpolation?




Bias [K]

O - N W Pp

RMSE [K]

o B N W

T min (Fox Mountain station)
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Evaluating the downscaling techniques

(lab exercise):

Which downscaling techniqgue works better

using the CCSM3, the statistical or RCM
methods?

or NCE

3. Which
the 12

ii) only

. Which GCM works better using the RCM, CCSM3

P/NCAR reanalysis?
RCM grid size works better, the 36 km or

km grid size?

Do your answers change if considering i) all year

warm seasons, or iii) only cold seasons?



