CESM Skill Evaluation
and more
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What to expect:

 Skill (AC) from various angles, maps, as a function
of lead, as a function of start (or target) month.

o Skill of all models really, not just CESM

 Magnitude of bias (the bad ‘thing’ that is removed).
Skill and “fidelity’ do have a relationship (yet
another angle)



Bias (gpm) against Anomaly Correlation
IRI, NCEP, NCAR and GFDL AMIP runs
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What to expect:

 Skill (AC) from various angles, maps, as a function
of lead, as a function of start (or target) month.

o Skill of all models really, not just CESM

 Magnitude of bias (the bad ‘thing’ that is removed).
Skill and “fidelity’ do have a relationship (yet
another angle)

e Forecasters asked for comparison of NMME
with(out) CESM, and about using CESM compared
to CCSM3



Bottom Line

* No glaring errors in CESM data sets

e Little damage done when added to NMME
e No fantastic improvements either

e CESM only very slightly better than CCSM3



GRAND advantage: Precip exists everywhere,
In both model and OBS on the 1X1 grid.

Updated with new CESM hindcasts No UNDEF and/or land/sea mask issues .

Annual Mean Systematic Error (1982—2009) for Lead 3

CanCM4 Precip (mm/d
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Updated with new CESM hindcasts

Annual Mean Systematic Error (1982—2009) for Lead 3

CanCM4 T2m (K) mean=0.09, rmse=1.22
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Original motivation of MME (1995)
without hindcasts can be seen here.
Cancellation of systematic errors

Updated with new CESM hindcasts

Annual Mean Systematic Error (1982—2009) for Lead 3

CFSv2 SST (K) mean=-0.23, rmse=1.00 CanCM3 SST (K) mean=0.35, rmse=0.99
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Two maps of AC for SST
(IC=1 and 7)



AC of SST Forecasts (IC=01, Lead 1)

CFSvZ Forecost of 55T Skill (AC) 1C=01 for Leod 1 Feb

CMC2 Forecast of 55T SKill [AC) IC=01 for Lead 1 Fzb
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AC of SST Forecasts (IC=07, Lead 1)

CFSv2 Forecast of SST Skill (AC) IC=07 for Lead 1 Aug CMCZ Forecast of S5T Skill (AC) 1T=07 for Leod
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Two maps of AC for T2m
(IC=1 and 7)



AC of T2m Forecasts (IC=01, Lead 1)

CFSvZ Forecast of TMP2Zm Skill IC=01 for Lead 1 Feb
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AC of T2m Forecasts (IC=07, Lead 1)

CFSv2 Forecast of TMPZm Skill IC=07 for Lead 1 Aug
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Two maps of AC for prate
(IC=1 and 7)
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AC of Prate Forecasts (IC=01, Lead 1)

CFSv2 Forecast of Prate Skill (AC) IC=01 for Lead 1 Feb
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AC of Prate Forecasts (IC=07, Lead 1)

CFSv2 Forecast of Prate Skill (AC) 1C=07 for Lead 1 Aug
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Spatial aggregation | of the above



a) Nino 3.4 SST

0.58

- IC=01

057

0.45

0.56

0.44

L1 is lead O
VSN s L2 is lead 1

b) NA Prate ¢) NA T2m
NMME{ 0.31 | 0.18 | 0.14 | 0.03 | 0.04 | 0.10 | 0.06 | 0.01 NMME 4 0.59 | 0.27 | 0.21 | 0.34 [ 0.20 | 0.23 [ 0.22 | 0.18
CCSM44 0.21 | 0.08 | 0.07 | 0.04 | 0.04 | 0.06 | 0.03 | 0.00 CCSM44 051 | 0.12 | 0.10| 0.21 | 0.17 | 0.20 | 0.10 | 0.06
CESM{ 0.08 | 0.06 | 0.06 | 0.02 | 0.04 | 0.01 | 0.02 |-0.00) CESM{ 0.03 | 0.07 | 0.15 | 0.23 | 0.02 [ G.10 | 0.20 | 0.12 b
0.8
GEOS54 029 | 0.18 | 0.11 |-0.01]| 0.01 | 0.06 | 0.01 |-0.01 GEOS54 054 | 024 | 014|018 | 006|021 | 008 |0.08 .
0.6
FLOR {-0.01| 0.12 | 0.10 | 0.05 | 0.03 | 0.08 | 0.06 |-0.02 FLORH 0.08 | 0.24 | 0.14 | 0.34 | 0.19 [ .15 | 0.24 | 0.17
05
0.4
CM2.14{ 0.21 | 0.10 | 0.08 | 0.01 |-0.00| 0.05 | 0.02 | 0.05 CM2.11 047 025|026 022 |0.13|0.11|0.16|0.18
0.3
CanCM44 0.22 | 0.12 | 0.08 | 0.02 | 0.03 | 0.04 | 0.06 | 0.00 CanCM44 0.48 | 0.28 | 0.18 | 0.28 [ 0.18 | Q.18 | 0.18 | 0.14 0.2
CanCM34 0.21 | 0.08 | 0.03 |-0.01|-0.00| 0.03 | 0.06 | 0.03 CanCM34 0.52 | 0.22 | 0.18 | 0.21 [ 0.12 | 0.02 | 0.02 | 0.07
CFSv240.32 | 0.14 | 0.11 | 0.05 | 0.06 | 0.06 | 0.02 | 0.00 CFSv240.60 | 0.19 | 0.14 | 0.28 [ 0.20 [ 0.23 | 0.14 | 0.21
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a) Nino 3.4 SST

NMME
CCSM4
——
CESM —
GEOSS
FLOR
CM2.1
CanCM4
CanCM3
CFSv2
b) NA Prate
NMME { 0.25 | 0.07 | 0.07 | 0.09 | 0.12 | 0.13 | 0.15 | 0.17 NMME 4 0.44 [ 0.29 | 0.28 | 0.22 | 0.28 [ 0.18 [ 0.20 | 0.22
CCSM4 7 0.19 | 0.08 | 0.04 |-0.00| 0.03 | 0.06 | 0.11 | 0.10 CCSM4 7 0.44 | 0.21 [ 0.18 | 0.13 [ 0.19 | 0.10 | 0.27 | 0.17
CESM {-0.01| 0.05 | 0.02 | 0.05 | 0.09 |-0.02| 0.06 | 0.08 CESMA 0.15| 0.20 | 0.13 | 0.24 | 0.15 |[-0.03| 0.08 | 0.05 -
0.8
GEOS54 0.20 | 0.03 | 0.03 | 0.03 | 0.09 | 0.08 | 0.03 | 0.03 GEOS54 0.39 | 0.18 | 0.22 | 0.06 | 0.16 | 0.15 | 0.13 | 0.01
0.7
0.6
FLORA 0.03 |-0.01| 0.00 | 0.03 | 0.10 | 0.09 | 0.10 | 0.18 FLORA 0.12 | 0.16 | 0.22 | 0.10 | 0.29 | 0.26 | 0.13 | 0.18
0.5
0.4
CM2.17 0.10 | 0.03 | 0.03 | 0.05 | 0.05 | 0.08 | 0.07 | 0.10 CM2.140.25| 0.16 [ 0.14 | 0.11 | 0.18 | .21 | 0.02 | 0.13
0.3
CanCM44 0.17 | 0.02 | 0.01 | 0.07 | 0.70 | 0.08 | 0.05 | 0.10 CanCM44 0.30 | 0.19 | 0.20 | 0.07 | 0.15 | 0.07 | 0.08 | 0.20 0.2
CanCM34 0.19 | 0.03 | 0.08 | 0.05 | 0.05 | 0.11 | 0.05 | 0.03 CanCM34 0.32 | 0.11 | 0.15| 0.12 | 0.02 |-0.03| 0.13 | 0.12
CFSv24 0.22 | 0.07 | 0.03 | 0.07 | 0.07 | 0.14 | 0.07 | 0.12 CFSv2 0.41 | 0.28 | 0.19 | 0.27 | 0.24 | 0.22 | 0.10 | 0.24
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Spatial aggregation Il of the above



Anomaly Correlation Coefficient (Lead 3)
a) Nino 3.4 SST

NMME
CCSM4
CESM
GEOS5
FLOR
CM2.1
CanCM4
CanCM3

CFsv2

IC:01 02 03 04 05 06 07 08 09 10 11 12

b) NA Prate ¢) NA T2m

NMME q40.14]0.04|0.08|0.12|0.11|0.04|0.07|0.07 [0.08|0.12|0.12|0.15 NMME q0.21[0.36 |0.18|0.23|0.23|0.26|0.28|0.25|0.31 [0.25(0.17|0.17
CCSM4 40.07 -0.040.05(0.06|0.09|0.01|0.04|0.06 |0.01 |0.07 [0.06 |0.10 CCSM4 40.10(0.13|0.19(0.15[0.21|0.23(0.18|0.20|0.14 |0.06|0.12|0.09
CESM §0.06|0.03|0.040.01/0.05|0.04|0.02|0.05 -0.00 0.01|0.09 | 0.06 CESM J0.15(0.27|0.13|0.11|0.18|0.24|0.13|0.10|0.19(0.13|0.12 | 0.06
GEQS540.11|0.01(0.05|0.07|0.04|0.00|0.03|0.01|0.08|0.05|0.06|0.10 GEOQSS5 {0.14|0.24|0.05(0.21|0.13(0.13(0.22|0.08(0.22|0.21|0.02|0.19
FLOR q0.10|0.04|0.02|0.04|0.05|0.02|0.00(0.05|0.09|0.11|0.02|0.12 FLOR 40.14|0.30|0.17|0.11|0.17|0.17|0.22|0.24|0.22|0.22|0.08|0.15
CM2.140.08|0.090.05|0.10[0.08|0.01[0.03|0.03|0.01|0.12|0.06|0.05 CM2.1 40.26|0.32|0.090.20|0.11[0.13[0.14|0.15]0.22|0.14|0.11|0.09
CanCM4 qo.c8[0.01[0.06(0.07|0.03|0.02|0.01|0.04|0.08|0.09|0.05|0.11 CanCM4 H0.18|0.22|0.15|0.20|0.15[0.10[0.20[0.16|0.23|0.16|0.10| 0.14
CanCM3 40.03-0.0q0.02|0.05|0.08|0.04|0.08|0.02 |0.03|0.06|0.09|0.06 CanCM3 40.18[0.18|0.09|0.16[0.10]|0.18/|0.15|0.11|0.02|0.18|0.13|0.13
CFSy240.11|0.06|0.06|0.04|0.07|0.04|0.03|0.03[0.10[0.07]0.11]0.09 CFSv2 40.14|0.34|0.20|0.13|0.21|0.27|0.19|0.28|0.2¢|0.21 [0.19|0.13
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NMME with CESM vs CCSM3 (1C=01)

with

Nino CESM
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CESM vs CCSM3 (I1C=01)

Nino CESM
3.4
SST ccsm3 093 085 076 067 060 053 044 047

CESM  0.03 0.07 0.15 0.23 0.09 010 0.20 0.12

NA
T2m
CCSM3 0.09 0.15 0.14 0.18 0.04 -0.03 -0.06 0.08
CESM 0.08 0.06 0.06 0.02 0.04 0.01 0.02 0.00
NA
Prate

cCsmM3 003 004 003 002 -0.02 -0.06 -0.02 0.03



CESM vs CCSM3 (Lead 1)

Nino CESM 0.9 0.9 0.8 0.7 0.8 0.8 0.7 0.8 0.84

3.4

SST CCSM3 093 074 08 079 083 08 08 08 088 092 0.93 0.94
CESM 0.03 0.10 0.12 0.15 003 009 0.15 0.19 0.05 0.25 0.15 0.18

NA

T2m
ccSsm3 009 0.16 004 0.112 0.10 000 0.00 000 0.01 -0.01 o0.05 0.15
CESM 0.08 001 004 001 002 004 -001 -0.01 -0.01 0.05 0.04 0.05

NA

Prate

cCSsmM3 0.03 009 005 003 0.06 -0.02 004 -002 0.00 0.06 0.03 0.00



Bottom Line

* No glaring errors in CESM data sets
e Little damage done when added to NMME

e No fantastic improvements either (the same thing
can be said about any number of models)

e CESM only very slightly better than CCSM3

e Guess: By probabilistic scoring any new model
added would help uncalibrated forecasts.
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b) NA Prate

a) Nino 3.4 SST

NMME 1 0.26 | 0.08 | 0.12 | 0.11 | 0.01 | 0.03 | 0.02 | 0.10 0.23 ] 0.28 [ 0.21 | 0.21 [ 0.17 | 0.19

CCSM4 1 0.18 |-0.01| 0.06 | 0.04 |-0.02|-0.00|-0.09| 0.06 0.15 | 0.24 | 0.05 |-0.02(-0.05| 0.02
CESM{ 0.01 | 0.06 |-0.01| 0.04 |-0.02| 0.05 [-0.03| 0.08 CESMA 0.15| 0.12 | 0.11 | 0.20 | 0.12 | 0.17 | 0.06 | 0.11

GEQS54 0.18 | 0.03 | 0.07 | 0.06 | 0.01 |-0.02| 0.04 | 0.02 GEQS54 0.59 | 0.18 | 0.21 | 0.17 | 0.14 [ 0.11 | 0.10 | 0.19
FLOR4 0.07 | 0.05 | 0.04 | 0.10 | 0.03 | 0.04 | 0.02 | 0.04 FLOR4 0.23 | 0.17 | 0.11 | 0.20 | 0.13 [ 0.21 | 0.13 | 0.12

CM2.14 0.09 | 0.07 | 0.10 | 0.07 | 0.01 | 0.02 | 0.07 | 0.04 CM2.14 0.38 | 0.21 | 0.20 | 0.07 [ 0.09 | 0.18 | 0.13 | 0.12
CanCM44 0.23 | 0.09 | 0.07 | 0.07 | 0.02 |~-0.02| 0.03 | 0.08 CanCM4 1 0.59 | 0.25 | 0.20 | 0.21 [ 0.17 | 0.07 | 0.08 | 0.10
CanCM3 4 0.16 | 0.05 | 0.05 | 0.08 | 0.03 | 0.05 | 0.05 | 0.05 CanCM34 0.60 | 0.11 | 0.16 | 0.17 [ 0.23 | 0.13 | 0.15 | 0.08
CFSv24 0.26 | 0.05 | 0.04 | 0.02 | 0.00 | 0.03 | 0.04 | 0.02 CFSv2 0.13]0.16 [ 0.13 | 0.21 [ 0.18 | 0.18
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a)

Nino 3.4 SST

.66

0.45

0.51

0.64

0.53

0.47

0.51

0.44

L8

b) NA Prate ¢) NA T2m

NMME{ 0.33 | 0.12 [ 0.15 | 0.10 | 0.07 | 0.05 | 0.06 | 0.06 NMME { 0.58 | 0.21 | 0.17 | 0.17 [ 0.30 | 0.18 | 0.19 | 0.22
cesM4 4 0.28 | 0.06 | 0.10 | 0.02 | 0.05 | 0.05 | 0.07 |~0.01 cesMad 0.49 | 0.12 [ 0.09 | 013 | 0,13 | 0.15 | 0.16 | 0.18
CESMA 0.05 | 0.09 | 0.06 | 0.08 | 0.04 |-0.02| 0.04 | 0.05 CESM{ 0.18 | 0.05 | 0.06 | 0.14 [ 0.15 [ 0.10 | 0.13 | 0.20
GE0S5{ 0.20 | 0.07 | 0.10 | 0.04 |-0.00] 0.02 | 0.05 | 0.02 60554 0.52 | 0.14 | 0.19 | 012 | 0.17 | 008 | 0.13 | 011
FLOR{ 0.08 | 0.03 | 0.12 | 0.05 | 0.02 | 0.04 | 0.05 | 0.03 FLOR{ 0.15 | 0.14 | 0.15| 0.10 | 0.28 | 0.14 | 0.17 | 0.17
CM2.19 0.11 | 0.05 | 0.05 | 0.08 | 0.01 |-0.01|-0.01| 0.05 CM2.140.30 | 0.16 |0.09 | 0.11 | 0.1¢ | 0.19 | 0.06 | 0.16
CanCM44 0.26 | 0.08 | 0.11 | 0.09 | 0.08 | 0.06 | 0.03 | 0.04 CanCM44 0.47 | 0.16 [ 0.14 | 0.16 [ 0.30 | 0.11 | 0.15 | 0.10
CanCM34 0.21 | 0.07 | 0.06 | 0.03 |-0.00| 0.01 | 0.03 |-0.00 CancM3 0.51 | 0.25 | 0.13 | 0.08 [ 0.14 [ 0.11 | 0.07 | 0.04
CFSv24 0.33 | 0.14 | 0.09 | 0.08 | 0.07 | 0.08 | 0.01 | 0.03 CFSv240.59 | 0.19 | 0.13 | 0.18 | 0.28 [ 0.17 [ 0.13 | .15
Lh 12 3 4 5 L6 L7 L8 L 12 L3 1+ L5 L6 L7 L8
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Anomaly Correlation Coefficient (Lead 1)
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NMME with CESM vs CCSM3 (Lead 1)

09% 095 093 08 09 091 091 092 093 095 095 0.96

with
Nino CESM
3.4
SST  With o6 094 092 090 090 090 090 092 092 095 096 096
CCSM3
with
059 054 059 0.65 055 046 044 048 043 047 055 0.58
na  CESM
T2m - with 058 054 059 0.65 057 046 042 047 043 044 056 0.58
ceoms O . . . . . . . . . . .
with
031 028 033 026 027 026 025 023 022 028 032 033
Na  CESM
Prate il

CCSM3 029 0.28 033 0.25 028 0.24 024 0.21 0.20 0.27 0.32 0.31



