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Natittideregionsrares
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~itopographically complex-andidiverse
poorly servicediby Weather instrumentation

Problematiciiorfusers who require spatially detailed temperature
> biologicalfenergetics
- >plants |
. > hibernation ener getics
> cryological concerns
> glacier melt
> permafrost modeling
> hydrology
> limnology
> paleoclimatic work
> establish current temperature regime




Physical features and topography of the
Canadian Arctic Archipelago




ExamplesGanadianfArctic Islands

=needaspatially detailed mean July temperatures

Weather stations of the
Meteorological Service of Canada
in the Canadian Arctic Archipelago

January, 2000
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] yical et Hitiwhenidata are contoured:

significant'spatial detail not present

Mean July temperature, 1984: 3 Temperatue (°C)
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ImpYoyeispatial detail for: surfas air temperature

Options include: ‘ _‘
> targetedunonitoring networks
> dynamicallweather models

em p]r]sij models

\ o
Focus here on an empirical modeling solution to
calculate surface air temperature at high spatial
resolution




AnsEmpincal= ordistributedimodel:

>\uses information about location to improve interpolation

iJ&s not “generate=original data - works with existing estimates
eather stations or model input



iopoclimatenViodel v2.0 (2007)
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jopoclimatenViodel v2.0 (2007)

Atkinsentand Eranceis C—JJ jrﬂjd}
(VASwdent, Mete Ice)

INpURUatalSEUICES

N EIgital EIEVAONIVIGHE BETOROs0:
4 NOAA Naiional Weaingr Sarvics GF0.9 modsl ingdes
4 @ Suriace
4 SLP o
2 Lug, iup, dn
- 2 @ Standard rgoriing l2yak
T\, Y, demw
1 ok lejeline
B SUMaCEWEatNERORSEVALIONS

m (for:correction offinal Estimate™ sic obsiare notused 1o develop the temperature
estimate)



(7o A s
ﬂ/(’/nl’{‘/_‘ ”‘,,»11 - 2 et

-

v -t J"J‘Jn‘* o - 'J“l"-»’

P ‘ ol et
7 ar ¥ -
e e
“
»




iopoclimateniodel v2.0 (2007)
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jopoclimatenViodel v2.0 (2007)
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Temperature



Elevation values from DEM
. > Need temperature estimates
_______ Forall possible elevation values
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Temperature
Elevation cross section



Elevation

Temperature

T=B,+B,*E + B,*E2 ...

etc
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'é‘ e and BWerrange = splizaprofie - to handle strong low-level inversions
= Hovidss inital gtz
GFS 0.5°
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Fic. 2.7 — Method to get a first guess of 2 m temperature, using the DEM and GFS vertical profiles
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1. Establish the flow pattern
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59 : elevation (meters)
1.6 : North-South gradient
+0.4 : East-West gradient
7  Aspect

O - No aspect (flat cell)

For the red cell :

NS=(0-05-21-2-16)/5=

o

EW=(-23-17-11+0+04)/

r

1
5=-0.9

NS + EW : aspect for the red cell

Fia. 2.5 — Method to compute a flow direction in flat areas
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2. Perform accumulation
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FLOW_O
1:current flow FLOWACC = FLOW 0+ FLOW_1 + FLOW 2 + ....

Fi1G. 2.6 — Method to compute the flow accumulation, step by step.
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Einage
(CrilicalNORPIOpErAEnrEsenting sfic. radiation cooling

= Colel s gEnEration dr = (coef x coldgen x sh + fl) * cld

S inction ofislope; shelter clotdiness ,
cold air

generation
1

- o
400 ul 10 20 30 40 slope
(W/m2) (degrees)

Fic. 2.8 — On the left : empirical function used to scale drainage effect. On the right : cold air
generation function.
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lower slope gradient higher slope gradient
moderate wind shelter index high wind shelter index

Fic. 2.10 — Magnitude of the wind shelter index, potential for Foehn effect

Grad (%) [ 01103 [ 13,7] [ ]7.12] | ]12,18] | ]18;:
Mdirection | 0 1 2 3 4

TAB. 2.1 — Magnitude m of the wind shelter index, function of the maximum slope gradient




OATHWEST | 10% :m_nw =3 Wind shelter index =
synoptic wind 16% :m w=4 [m_nw+2*m_w + m_sw

(low layers) % - - =3+24+6=17

Fic. 2.11 — Build of the wind shelter index, including wind potential deviation



al su%‘aal| ation'considerations

WepalcmMEIESIAENVED:
net radiation pnr = dl+ds— ul —us

T,
energy balance cg tG =nr—sh—Ilh+gf

Fia. 2.12 — Radiatives flux at ground level



Cold interior lowlands - drainage effect - captured
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Impact of adding drainage, winds, adiabatic compression

> 10 deg C diff in many areas
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Diagnostics
> spatial plot of bias
> these form the basis for the nudging of the final results

BIAS 00







AreaSIGINMprovement

UMEGISEUErEsreallyiane nor

5 (riigjr), arsditien) lovy)

Djginte,questions;o S low.level wind behiavior and relationship to topography
VentcallyanenpolaieWindsHoNmprove their r.r»,)IO/r Mthln the model
Cogiiigitis Woriine dnltisingefgzlelizitieig) o Jlldge 5 rather than individual components
Expand torun withiotheramodels for: Ut

= OPENS UPNLIFECASU 'li'!’)J ast climatologies

lighter-controllciweatiernsiationsiused for verification
- improve nudgingpinterpolation (more PRISM based rather than a IDW contour)
> Introgt’Jce soil/land prop ertie.:‘ egetation (e.g. affects drainage?)
> Study need for inclusion off exg :::i#oastal effect handler

- introduce sea breeze module

> Drainage issues and low level jets - LLJ can form just above strong thermal gradients
and can break them up

> Glacier cooling/katabatic effects

> Slope heating differential effects



Uncertaimtyassu

oI downsScaling Works

> EineEseaiENneasurementsiandirepresentation have greater uncertainty

= MO DANSIC

canbeNdificult to) assign igni & p ori - for many models multiple runs
dliEconducieni=

ensembles - that provide feeling for ranges
> AISOICOMPARSONS where'ﬂer possible with observed data are conducted

> FG{ projection dowmwdlm J ork key lies in selecting most appropriate large-
scale simulatic

> Eg Pete Larsen - a lot of effort went into identifying the five GCMs that
seemed to work the best for AK



AgricuitirexsanadaiRiantiiardiness Zones

N Parametersinciuces:

_

Fdhddianiplant survivaliaata
minimumwinterstem pamiura;
lengthiofitherrostfree period
summerantall |
maximumstem paraiura’ |
snow cover
anuary rainfall
maximum wind speec




Plant Hardiness Zones

of Canada

Harsh




jopociimateiViodelv2:0(20017)

DEnVEdparameters (static)
N ES|0PENratientiant aSpECT{CAIrections)
SHelter/EXpOSUTeyating: -
. Alocationibenindarmountain range; hr '
[ggziiian gzl geln ‘,
FIOW aCCUMUISTION: ’
= Classic hydrology parameter buta
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Grad_NE = max(dZ/dl)

A dZ
.| DEM
, =" |grid cell
Height Z AN T T N
ATy e DU AU B \J bapdandandandss ! k=2
k=2 k=3 k=4
o - / Northeast
> dl

Direction : eg Northeast

Fic. 2.4 — Maximum slope gradient in a given direction (Northeast on the figure)
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low exposure/
high shelter index

high exposure/
low shelter index

high exposure/
low shelter index

Fic. 2.9 — Exposure to wind/shelter index mechanism
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Diagnostics panels output
> radiation components
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Diagnostics - biases Average, April 2007:

> comparisons w. stations All stations BlAS AVG
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Diagnostics - biases
> comparisons w. stations
> 115 stns available

Average, April 2007:
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Diagnostics Average, May 2007:

> comparisons w. stations All stations BIAS AVG
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Diagnostics
> visual inspection for problems
> GFS bug revealed - persistent snow patches

TEMPERATURE 10060700
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BN [ TTTT7 (777 T

40 B0 120 180 200 240 280 320 360 400 440 480 520 580 600

F1G. 3.10 — Albedo bias in GFS and its consequence on temperature



