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Uncertainty in Numerical Forecasting

(1)| Model Structure
= Parameterizations
= Piecing together components
= Numerical methods
(2) | Model Forcing
= Spatial & Temporal structure
(3) | Parameter Data
= Soils & Vegetation, type and distribution
(4) | Initial Conditions
= Influences trajectory (forecasting = IVP)




Sources of Predictability

lllllll gll TITIII] T llllllll T llllllll T

€

IIITI T Ty T T T
g I { I l, Solar Radiaticn Fluctuations -
5 | | | I | Green House Gases | -
i € . Land Use N
& |, | Acroscls | | | ‘ 1
< | \ | | P | | I
b < Volcances -
_.%_ do ] N U S | ] PR I. ............ L __________ .l ...................
'g | | | I aMoc € Conveyor Belt I
| pso5f > | |
§ | %< aga ko T >| | | |
c Mohsoon-WPO/I BO/ZM -
© | | . e tdpnsoon-WER/DOIM o, | [ I | I
o v T
< o | ! wm | ! [
Q.
@ .9 | | S S — | | |
O = y
e 8 [ | | [ \ I
-
< § | inow Cover Srjow Cover| | | |
'(80 £ |z ‘'andlleatlonient > - Land Heat Gontent | |
|
- - P | B
§ € ! ¢ Oceanic ‘Waves N ! ! !
° & \
v S | L MIO/MISY | | | | |
v © I [ I | | [ |
5 ® AM/SAM/NAC/A
& < Blgcking/Strat-polar vortex | | | ‘ |
< 1
g € e TW | o | | | ! [
CCEW |
| L Ihl_‘él I 1 r|1r|1||| 1 |l II'IIIII 1|I lllllll ‘l L llIlIIII I L IlIIIII L
i i’ iy 10° ) 10’ 10° 10" (days)
synoptic ’ —— ‘ 20~100d | 1yr 2°7 yr 8~70 yr ’ 70~500 yr Fogrsooow I
ISV AC |AV ‘ DV Centennial | Millennial

NAS Report: Assessment of Intraseasonal to Interannual Climate Prediction




An Assimilation Scheme: The Kalman Filter

X — model state vector

1. X, = AX,, + Bf,

P — model error

H — measurement model
o equating quantities

R — observational error
o representativeness error
o measurement error

K — Kalman gain
o relate obs and states

2. K,=PH'(HPHT + R)"

3. X =X +K(z—-HX)

Z - observations




Optimized Assimilation : Scalar Example

Our Model predicts : X =6

Model error variance : P =0%, = 2

Model Analysis

Assume H = 1 (no impact)
Madel




Optimized Assimilation : Scalar Example

Our Observationssay: Z=4

Obs. error variance : R = 0%2,= 1

Model Analysis

Gain = 2/(2 + 1) = 0.66

Maodel

Qbsery.

Analysis =6 + 0.66(4 — 6)




Optimized Assimilation : Scalar Example

Combined Model and Observations say :

Our Analysis is X" = 4.66

Model Analysis
Analysis variance : 02,= 0.66 [ < T

Maodel

Qbsery.
Anglysis

.....

Analysis Variance




An Assimilation Scheme: The Kalman Filter

X — model state vector

1. X, = AX,, + Bf,

P — model error

H — measurement model
o equating quantities

R — observational error
o representativeness error
o measurement error

K — Kalman gain
o relate obs and states

2. K,=PH'(HPHT + R)"

3. X =X +K(z—-HX)

Z - observations




SWE (mm)

Station Based Snow Data Assimilation

« (Good station density

* Unbiased model

* Appropriate error estimation

* Meet assumptions of assimilation scheme
« Successful analysis result
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Low Station Distribution in Arctic

Station Data - 08/04/2002 Nth Amer Regional Reanalysis - 08/04/2002
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ECMWE Station-based Snow Analysis

ECMWEF Operational Snow Analysis ECMWEF Operational Snow Analysis
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GRACE data courtesy Sean Swenson, NCAR




Snow Extent
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Pan-Arctic Snow Data Prospects

Z H R
(coverage) (Obs to Model) (error
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(Depth & SWE) Daily Grid Box
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(SWE) Daily Model Veg, Tmp
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(Mass anomaly)




Ground Thermo-Hydro State

National Snow and lce Data Center

« Soil phase change, latent heat store
* Deep soll heat reservoir
* Altered hydrologic regime




Thermal State — Boundary Conditions

OLD WRF Lower Boundary Temperature NEW WRF Lower Boundary Temperature
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Thermal State — Boundary Conditions

OLD WRF Lower Boundary Temperature A i WRF Lower Boundary Difference
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WRF vs ERA-40 2-meter Temperature (AUGUST)

August ovg_2m —temp_k August ovg_2m_temp_
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Soil Station Data

Observed 80cm Temperature 05/1987 (°C)
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DEPTH (m)

Recent Changes in Permafrost
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Recent Changes in Permafrost
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Spatial and temporal variation in active-layer thickness at Katterjokk, Sweden

Akerman & Johansson (2008), PPP




Information Propagation
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Information Propagation

HUKCHI SEA

1EA

Standard
285 T T T

Council : Model 280

ST

KOUGAROKSITE |

Council : Obs. 2é2

Kougarok : Model mg‘
265 -

Kougarok : Obs 260~
255;— i
250 ! . \

— 40-100cm Soil Temperature (K)

1 1 1 1 1 1

08499 10/99 11799 01700

03/00

05/00 07700 09700 11700 01701 03/01

Assimilated Soil Temp @ 25cm — 40—-100cm Soil Temperature (K)

05/01  07/¢

© 285

280

“SEWARD
i,

STTTT

== PENINSULA

1

1 1 1 1 1

10/99 11799 01700

03/00

05/00 07700 09700 11700 01701 03/01

05/01  07/¢



Pan-Arctic Ground Thermal State Prospects

Z H R
(coverage) (Obs to Model) (error
estimate)
Station Data Point
(Temperature) Day- Grid Box
Passive Microwave | Global Radiance Snow,
(Freeze/Thaw) Model Veg

Future Data
e [IPY improved monitoring (more stations)
* InSAR — active layer depth (experimental)
* LiDAR — expensive (experimental)
e SMAP — Level 4 product (2015, model + data assim)




Land Data Assimilation Summary

Methods being developed
- Data increasing, but less than ideal
Heterogeneity a big problem

Initialize model states (single variable, jointly)

Innovation analysis for model deficiency
= Parameter uncertainty
= Structural problems




NSIDC
Nabﬂsmkzﬂmw




Temperature (C)

-10.0 -9.5 90 - 85 -8.0 -7.5 -7.0
o — s® ' b T T T

- W7 :

5 \y L — 1

! ?/ ]

10 A I .
15 7
20 N

Depth (mm)
N
(&)}

w
(6)]

40

w
o

BARROW2

—o0— 2003

—p— 2004

—o— 2007 7
—e— 2008 1
—p— 2009 7




Validation in Eurasia
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