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PIEGWVESIGIEValuate mouelssimulation reSUItSTUSINGINASA A-Train
gdata sets and thUuSTCORtHUtE O tHENPECEIARS:

= Focus or) rmodel g2rforrrizirice Irl sirnuleirie] eloucls elrlef Wetide Velgos

IS Evaltation of climatelegical annual mean model output

— Glehalland latitudinal means and spatial maps of column-
Integrated cloud water and water vapor paths;

— Vertical profiles of clouds and water vapor

— Quantitative evaluations of model performances in simulating
spatial means, variances and correlations of tropical clouds
and water vapor over the oceans.

2. Focus physical processes related to clouds and water vapor

— Examine relationships among clouds, water vapors,
temperature and large scale parameters (e.g. SST, CAPE,
precipitation, omega velocity, etc.)

— Examine radiative balance, 2xCO2 projections, clouds and water
vapor feedbacks, etc, etc.




AIEBIENPCCIARAYARS models

No. Modeling Center Acronym | AR4 Model | AR5 Model Note
Now available on ESG

1 Beijing Climate Center, China BCC csmi csml.1 e o

9 Bjerknes CentreNfgrrW C;I)i/mate Research, BCCR bem? noresm1

3 Canadian Cer:;rls ;Osr %I;rggéz Modeling & CCCMA cgem3 1 gwnﬂgs%nzél,

C| ChemewReedes | am | as | o

S In(?uussttrggllIngCegrrzwc())nrg:r?ilgti)cr:?l::lsirilia CSIRO mk3 mk3.6

6 Geophysical Fluid Dynamics Laboratory, USA GFDL cm2 am3, cm3 ARSCﬁ:ﬁrSeE;raeg by

7 Goddard Institute folrJ gpAace Studies, NASA, GISS e-h, e-r, aom e2-h e2-r

8 Institute of Atmospheric Physics, China IAP fgoals-gl fgoals-g2

9 Institute for Numerical Mathematics, Russia INM cm3 cm4

10 Institut Pierre Simon Laplace, France IPSL cm4 cm5a e :]"(Vfg‘c’g";‘gfély;
s | e e [ W | w0 | s | e
1 MaX-PIaan-InCS;teizt:Jr:]Z L(;,r Meteorology, MPI-M echams echamé

13 Meteorological Research Institute, Japan MRI cgem2.3.2 cgem3 ARA Jp | lup data
14 National Center for L?’[Sr'r&ospheric Research, NCAR cesm3, pem cams (cesmi) b;e/irr::ilr éimélltg gtrtg\r/rlggn
15 National Institute foJrair;\r/]ironmental Studies, NIES hirg]si,r(;ggdzres microc AR4s[\)Arlie£ﬁugfdr::d to
16 UK Met Office, UK UKMO hﬁggfﬁ; ﬂggggmg:gg ARS daly data
17 Global Modeling and Assimilation Office, GMAO ge0s5, mera Not participated in

Goddard Space Flight Center, USA

AR4




Liquid Water Path (g/m?

IPCC AR4 and AR5 Model Output compared with A-Train Observations
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IPCC AR4

IPCC AR5

A-Traln |

Ice Water Path (g/m?)

IWVP \Maps

+ BCCR bcmz2 to noresm: Overall reduction in IWP, resulting in low bias
comparing to the observations;
I

» CCCMA cgcm3.1 to canesm2: Overall enhancement in cloud ice amount
resulting in substantial improved agreement with observations;

* CNRM cm3 to cmb5: Very little change;

RO mk3.6: Slightly reduced cloud ice amount in the
ropics resultmg ina shght degradation in agreement with observations;

* GFDL cm2 to cm3: IWP increased in the tropics but decrease in the
northern hemispheric storm tracks and southern mid- to high latitudes. The
AR5 result is in better agreement with observations in the tropics, but is
biased low in the mid- to high latitudes.

* GISS e-r(h) to e2-r(h): Substantial reduction in mid and high latitudes and
enhancement in the tropics, resulting in better agreement with observations.

* INM cm3 to cm4: Decrease in the equatorial eastern Pacific but increase
over the mid-latitude storm tracks. Although the global mean is not
significantly changed, the simulation over the inter-tropical convergence
zone (ITCZ) is noticeably degraded.

* IPSL cm4 to cmba: Overall very small changes from AR4 to AR5, although
the cloud ice amount in the tropics is seen slightly reduced resulting in some
improvement comparing to observations;

* NCAR ccsma3 to camb: Slightly reduced cloud ice amount over the oceans,
but increased cloud ice amount over the landmasses. There is no obvious
improvement comparing to observations;

* UKMO hadgem1 to hadgem?2-a: Slight increase in ice cloud amount in the
tropics, resulting in smaller low bias compared to observations; little changes
in the mid- and high latitudes.

Summary: 6 models show IWP improvements from AR4 to
AR5, 2 models show little change, while the rest 3 models
appear to be degraded.




-Train

160 VP Maps

* BCCR bem2 to noresm: Excessive increase in LWP magnitude leads to
significant overestimate of liquid clouds in ARS version;
I

« CCCMA cgem3.1 to canesm2: Excessive increase in LWP magnitude and
double “ITCZ" in the equatorial Pacific, which result in poorer agreement with
the observations;

dccRnoresm Ik

Liquid Water Path (g/m?)

» CNRM cm3 to cmb: No significant changes except slightly reduced
T ing in slightly improved agreement with the observations.
The spatial patterns are remarkably similar to the GFDL models;

» CSRO mk3 to mk3.6: Reduced IWP amount in latitudes resulting
substantial improvement in both magnitude and distribution comparing to
observations. Also notable is the model’'s improved simulation of clouds in
subsidence region over the eastern Pacific as well as in southern Indian
Ocean (west of Australia);

* GFDL cm2 to cm3: the spatial patterns are similar, but the magnitude of
LWP is reduced, resulting in closer agreement with the A-Train data. The
morphology of LWP in the GFDL models is approximately similar to the
observations, but the climatological stratiform clouds near the west coast of
Peru are not captured well, especially in the AR5 version (cm3);

* ISS e-h(r) to e2-h(r): Overall increase of liquid cloud amount, more
substantial in mid and high latitudes than in the tropics. Compared to the A-
Train observations, the spatial distributions are too zonal;

* INM cm3 to cm4: Slightly increased LWP. This is an improvement as closer
agreement with observations is made;

* NCAR ccsma3 to camb: Substantial reduction in LWP amount resulting
better agreement with observations;

» UKMO hadgem1 to hadgem2: Increased in liquid cloud amount, resulting in
better agreement with observations.

Summary: 8 models show LWP improvements from AR4 {0
AR5, 1 model shows little change, while the rest 2 models
appear degraded.
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Summary: The inter-model and model=ebservation differences
are relatively small. Since,thes@riability of WVP is-«deminated by
lower-tropospheric Water vapor, it is expected that the simulated
lower tropospheric water vapor is similar among models, while
large discrepancy may exist in the upper troposphere.
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Summary: The inter-model and model-ebservation differences
are relatively small. Since thesvariability of WVP is-deminated by
lower-tropospheric'water vapor, it is expected that the simulated
lower tropospheric water vapor is similar among models, while
large discrepancy may exist in the upper troposphere.
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Pressure (hPa)

Pressure (hPa)

e \Vertical Profiles

Global Tropical Mid-Latitude High-Latitude

AR5 models

BCC csm1 I
4 BCCR noresm I
CCCMA canesm2 ____
CCCMA cm4
GFDL am3
GFDL cm3
GISS e2-h
GISS e2-r
INM cm4
IPSL cmb5a
NCAR cam5
UKMO hadgem2-a __
UKMO hadgem2-es_ _

A-Train Obs.
CloudSat Total
Best Estimate

CloudSat noPcp —
1000 Obs. Uncertainty .....

0.01 0.10 1.00 10.00 0.01 010 1.00 10.00 001 010 1.00 10.00 0.01 0.10 1.00 10.00 AuraMLSice = =

d : 2
T ——— ., N~ >l -

CWC (mg/m°) CWC (mg/m°) CWC (mg/m°) CWC (mg/m°) CALIPSQlce -
1 hhkk DR B ALY B LY h bk B B AL, BRI L . | .:'"] R B LY LA L L B ARS Models
\ \ el | colored same as above
100} 8 18 At
B : A-Train Obs.
$ Aqua AIRS H,0 =
AuraMLSH,O o=
200 Obs. Uncertainty .....
300
500
700
1 10 100 100010000 1 10 100 100010000 1 10 100 100010000 1 10 100 100010000

H,O (ppmv) H,O (ppmv) H,O (ppmv) H,O (ppmv)

CWC: Modeled CWCs have a large spread at all altitudes, and more than factor of ~200 spread above 300 hPa altitude
H,O: Modeled H,Os show increasing spread in upper troposphere
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A-Train Obs.
Obs. uncertainty

(a) Aura MLS: IWC, H,O
(b) Aura MLS: IWC, H,O

(c) CloudSat: LWC
Aqua AIRS: H,0
(d) CloudSat: LWC
Aqua AIRS: H,0

AR5 Models

BCC csm1

BCCR noresm
CCCMA canesm2
CCCMA cm4
GFDL am3

GFDL cm3

GISS e2-h

GISS e2-r

INM cm4

IPSL cmb5a

NCAR cam5
UKMO hadgem2-a

The grading system
Giwc.lwc = max 0 1_ 1 |ln(m::;1’lwc)_ln(m::;?lwc)
m > ng l n 0::'c.lwc
hyo o
1 My =M
G"* = max|0, 1__|'”d’—”’”
n, GZf”mf;‘;

To quantitatively evaluate
model performance, we
develop a grading system
that broadly categorizes the
degree to which each model
reproduces observed spatial
mean and variance (standard
deviation) as well as spatial
correlation between models
and observations.

Jiang, Su, Zhai, Perun et al. in preparation, 2011.

(a): Obs. 100 hPa: /WC = 0.0438 (0.0219-0.0875) g/m?
No. | ARS Models TWC gy G Grade
| 1| BCCesmi 000851 0.764 c
12| BCCR noresm 00328 0958 A
3 | CCCMA canesm2 | 0.00523 0693 D
4 | cceMAcmd 000658 0727 c
|5 | GFDLam3 101 0547 F
16 | GFDLcm3 0646 0612 D
17| GisS e2-h 00234 0909 A
18| GISS e2r 00354 0969 A
19| INMcma 000393 0652 )
10_| IPSL emSa 00133 0828 B
| 11_| NCAR cam$ 000356 0638 D
| 12| UKMO hadgem2-a | 000607 0715 c
L 13| UKMO hadgem2-es | 0.00389 0651 D
(b): Obs. 215 hPa: /WC = 2.39 (1.20-4.78) mg/m®
No. | ARS Models IWC (mgm") G Grade
1| BCC csmi 0460 0.762 c
| 2| BCCR noresm 0974 0.871 B
3 | CCCMA canesm2 244 0.997 A
4 | CCCMAcmd 256 0990 A
|5 | GFDLam3 698 0845 B
16 | GFDL cm3 675 0850 B
17| GIsSe2-h 29 0674 D
18 | GISS e2r 28 0669 D
|9 | INMcmd 00729 0497 F
10_| IPSL emSa 251 0993 A
| 11_| NCAR cam§ 137 0920 A
| 12_| UKMO hadgem2-a | 1.47 0930 A
L13_| UKMO hadgem2-es | 128 0910 A
(a): Obs. 100 hPa: .0 = 0.259 (=0.0259)10°2 gikg
No. | ARS Models H.O (oighy | G | Grade
|1 |BCCesmit 0217 0920 A
2| BCCR noresm 0.261 0995 A
3 | CCCMA canesm2 | 0.253 0988 A
4| ccemaems 0.262 0993 A
|5 | GFOLam3 0.259 0999 A
16| GFDLem3 0.247 0977 A
|7 | GISSe2-h 0.348 0.827 B
18| GISS e2r 0.371 0783 c
19 |INMcmd 0.378 0770 c
10_| IPSL cmSa 0.168 0825 8
| 11_| NCAR cams$ 0.231 0947 A
| 12_| UKMO hadgem2-a | 0.304 0913 A
|13 _| UKMO hadgem2-es | 0292 0936 A
(b): Obs. 215 hPa: /.0'=0.466 (+0.0932)10°" glkg
No. | ARS Models HO (0o | G | Grade
|1 | BCCesmi 0.462 099 A
12| BCCR noresm 0623 0832 8
3 | CCCMA canesm2 | 0.791 0652 D
4_| cCOMA cmd 0.860 0578 F
|5 | GFDLam3 0871 0.566 F
|6 | GFDLcm3 0.740 0.706 c
17 _|GisSe2h 0.702 0.747 c
18 | GISSe2r 0.820 0621 D
19 | INMema 0466 0999 A
10_| IPSL cmsa 0654 0799 c
| 11_| NCAR cam§ 059 0854 8
L12_| UKMO hadgem2-a | 0.510 0954 A
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(c) CloudSat: LWC
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(d) CloudSat: LWC
Aqua AIRS: H,0

AR5 Models

BCC csm1

BCCR noresm
CCCMA canesm2
CCCMA cm4
GFDL am3

GFDL cm3

GISS e2-h

GISS e2-r

INM cm4

IPSL cm5a

NCAR cam5
UKMO hadgem2-a

UKMO hadgem2-es

Quantitative evaluation for moedel

Simulated tropical meanselM/ Ganciise

Table 4c: Final Grades for AR5 Models simulated tropical mean IWC/LWC and H,0O

No. | AR5 Models Pressure (hPa) | Grade'"¢ | Grade"2© | BVM Grade Gr:::lnea"!"“

100: Tropopause C A B-(2.5)

215: Upper trop. ¢ A B (3.0) B+
1 BCC csm1 600: Mid-trop. B A A-(3.5) 3.25

900: Boundary layer A A A (4.0) )

100: Tropopause A A A (4.0)

215: Upper trop. 8 8 B (3.0) A-
2 | BCCR noresm 600: Mid-trop. 8 A A- (3.5) 3.63

900: Boundary layer A A A (4.0) )

700: Tropopause D A B-(2.5)

215: Upper trop. A D B- (2.5) B+
3 | CCCMA canesm2 | 00: Mig-trop. B A A- (3.5) 313

900: Boundary layer A A A (4.0) 3

100: Tropopause C A B (3.0)

215: Upper trop. A F C (2.0) B+
4 | CCCMA cm4 600: Mid-trop. B A A-(3.5) 313

900: Boundary layer A A A (4.0) ¥

100: Tropopause F A C (2.0)

215: Upper trop. 8 F c-(1.5) B-
5 | GFDLam3 600; Mid-trop. 8 A A- (3.5) 275

900: Boundary layer A A A (4.0) g

100: Tropopause D A B- (2.5)

215: Upper trop. 8 c B- (2.5) B+
6 | GFDLcm3 600: Mid-trop. B A A- (3.5) 313

900: Boundary layer A A A (4.0) ‘

100: Tropopause A B B- (2.5)

215: Upper trop. D c C-(1.5) B
7 | GISS e2-h 600: Mid-trop. A A A (4.0) 3.00

900: Boundary layer A A A (4.0) .

100: Tropopause A [ C (2.0)

215: Upper trop. D D D (1.0) B-
8 | GISSe2r 600: Mid-trop. A A A (4.0) 275

900: Boundary layer A A A (4.0) )

700: Tropopause D C D-(0.5)

215: Upper trop. F A C (2.0) B-
9 | INMcmd 600: Mid-trop. A A A (4.0) 25

900: Boundary layer B A A- (3.5) )

100: Tropopause B B C (2.0)

215: Upper trop. A c B (3.0) B+
10 [ IPSL cm5a 600: Mid-trop. B A A-(3.5) 313

900: Boundary layer A A A (4.0) J

100: Tropopause D A C(20)

215: Upper trop. A 8 A- (3.5) B+
11 | NCAR cam5 600: Mid-trop. B8 A A- (3.5) 3.25

900: Boundary layer A A A (4.0) *

700: Tropopause C A B-(2.5)

215: Upper trop. A A A (4.0) A-
12 | UKMO hadgem2-a | 00: Mid-trop. A A A (4.0) 363

900: Boundary layer A A A (4.0) z

100: Tropopause D A C (2.0)

215: Upper trop. A A A (4.0) A-
13 | UKMO hadgem2-es | 600: Mid-trop. A A A (4.0) 3.50

900: Boundary layer A A A (4.0) Z

Final Grade: A=4 (excellent); B=3 (very good); C=2 (good): D=1 (fair); F=0 (fail)
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Quantitative"é\zalg_g_:cion o model simulated IWCE/LWE and H O 1n terms,of

SpPRblaliCorrelation

Table 5c: Final Grades for AR5 Models simulated spatial correlation of IWC/LWC

and H,O with A-Train observations

No. | AR5 Models Pressure (hPa) | Grade"¢ | Grade"2® | BVM Grade G::::!W
700: Tropopause B A A-(35)
215: Upper trop. A A A (4.0) B+
1 BCC csm1 600: Mid-trop. B 8 B (3.0) 313
900: Boundary layer D B C (2.0) 2
100: Tropopause 9 F D (1.0)
215: Upper trop. A A A (4.0) B-
2 | BCCR noresm 600: Mid-trop. B 8 B (3.0) 263
900: Boundary layer C B B- (2.5) 5
700: Tropopause B F C-(1.5)
215: Upper trop. B A A-(3.5) B-
3 | CCCMA canesm2 | §00: Mid-trop. D 8 C (2.0) 238
900: Boundary layer C B B- (2.5) *
100: Tropopause B F C-(1.5)
215: Upper trop. 8 A A- (3.5) C+
4 | CCCMA cm4 600: Mid-trop. D 8 C (20) 225
900: Boundary layer D B C (2.0) i
100: Tropopause A A A (4.0) A
215: Upper trop. A A A (4.0 -
5 | GFDLam3 600: M?dp-nrop, ’ A 8 A- gs.s; 363
900: Boundary layer B B B (3.0) *
100: Tropopause B B B (3.0)
215: Upper trop. B A A-(3.5) B+
6 | GFDLcm3 600: Mid-trop. B B B (3.0) 313
900: Boundary layer B B B (3.0) >
100: Tropopause D F D-(0.5)
215: Upper trop. B B B (3.0) C+
7 | GISSe2-h 600: Mid-trop. F A C (2.0) 213
900: Boundary layer C A B (3.0) .
100: Tropopause D F D- (0.5)
215: Upper trop. B B B (3.0) C+
8 | GISS e2-r 600: Mid-trop. F A C (20) 213
900: Boundary layer C A B (3.0) )
100: Tropopause C C C (2.0)
215: Upper trop. c A B (3.0) C+
9 | INMcmé4 600: Mid-trop. c B B- (2.5) 238
900: Boundary layer D B C (2.0) )
700: Tropopause B C B-(2.5)
215: Upper trop. B A A- (3.5) B
10 | IPSL cm5a 600: Mid-trop. 8 A A- (3.5) 3.00
900: Boundary layer C B B- (2.5) )
100: Tropopause A B A-(3.5)
215: Upper trop. A A A (4.0) B+
11| NCAR cam5 600: Mid-trop. c A B (3.0) 3.25
900: Boundary layer C B B- (2.5) )
700: Tropopause B A A-(3.5)
215: Upper trop. A A A (4.0) B+
12 | UKMO hadgem2-a | g00: Mid-trop. B B B (3.0) 3.38
900: Boundary layer B B B (3.0) .
700: Tropopause B A A-(3.5)
215: Upper trop. A A A (4.0) B+
13 | UKMO hadgem2-es | g00: Mid-trop. B B B (3.0) 3.25
900: Boundary layer Cc B B- (2.5) 3

Final Grade: A=4 (excellent); B=3 (very good); C=2 (good): D=1 (fair); F=0 (fail)

Spatiali\Vardeitron

Table 6¢: Final Grades for AR5 Models simulated spatial variance of IWC/LWC and

H,0
N AR wwe | GradeHo Final
0. 5 Models Pressure (hPa) | Grade! rade BVM Grade | ¢ o 4o cien
100: Tropopause C B B- (2.5)
215: Upper trop. D B C (2.0) C+
1 BCC csm1 600: Mid-trop. F A C (2.0) 238
900: Boundary layer C A B (3.0) ®
100: Tropopause A A A (4.0)
215: Upper trop. c A B (3.0) B
2 | BCCR noresm 600: Mid-trop. F B Cc-(1.5) 3.00
900: Boundary layer B A A-(3.5) X
100: Tropopause (63 F D (1.0)
215: Upper trop. A B A-(3.5) B-
3 | CCCMA canesm2 | 500 Mid-trop. F A C (2.0) 263
900: Boundary layer A A A (4.0) 3
100: Tropopause C F D (1.0)
215: Upper trop. A B A-(3.5) B-
4 | CCCMA cm4 600: Mid-trop. F B C-(1.5) 250
900: Boundary layer A A A (4.0) .
100: Tropopause F D D- (0.5) c
215: Upper trop. F B C- (1.5 =
5 | GFDL am3 600: M?(f-lrop‘p D A B- {z.s} 188
900: Boundary layer C A B (3.0) .
100: Tropopause F F F (0.0)
215: Upper trop. F A C (2.0) C-
6 | GFDLcm3 600: Mid-trop. D A B- (2.5) 188
900: Boundary layer C A B (3.0) .
100: Tropopause 9 B B- (2.5)
215: Upper trop. F A C (2.0) B-
7 | GISSe2-h 600: Mid-trop. F A C (2.0) 250
900: Boundary layer B A A- (3.5) 2
100: Tropopause F C D (1.0)
215: Upper trop. F A C (2.0) C+
8 | GISS e2r 600: Mid-trop. F A C (2.0) 213
900: Boundary layer B A A- (3.5) 2
100: Tropopause D F D-(0.5)
215: Upper trop. D A B- (2.5) C+
9 | INMcmd 600: Mid-trop. B B B (3.0) 213
900: Boundary layer D A B- (2.5) z
100: Tropopause C B B- (2.5)
215: Upper trop. A A A (4.0) B-
10 | IPSL cmSa 600: Mid-trop. F B C-(1.5) 288
900: Boundary layer B A A-(3.5) &
100: Tropopause D B C (2.0)
215: Upper trop. B A A- (3.5) B
11 | NCAR cam§ 600: Mid-trop. B B B (3.0) 3.00
900: Boundary layer B A A- (3.5) >
100: Tropopause C A B (3.0)
215: Upper trop. B A A-(3.5) A-
12 | UKMO hadgem2-a | 600: Mig-trop. A A A (4.0) 3.50
900: Boundary layer B A A- (3.5) ~
100: Tropopause C A B (3.0)
215: Upper trop. B A A-(3.5) A-
13 | UKMO hadgem2-es | 600: Mig-trop. A A A (4.0) 350
900: Boundary layer B A A- (3.5) .

Final Grade: A=4 (excellent); B=3 (very good); C=2 (good); D=1 (fair); F=0 (fail)




MR |

wr -

Table 7: Final Grades for AR5 Models simulations of clouds and water vapor - I
No. | AR5 Models Grademean | Gradecor | Gradestddev [ FINAL GRADE Using RS OBSEIVations, wWe' evaluated
B+ B+ C+ B- pPErfermancesioEARS IModel clotds and water
t | BCCcsmi 3.95 313 238 i VapoIESImulations SN termstof spatial _mean,
A B. B B+ confelation andistandard deviation®
2 BCCR noresm 363 263 3.00 ) — _ — ——
: : : 3.09 OVETAllNOdEISTSImulaterspatial means eLer
= S = — : ; :
T = = B B than' correlation and variance. This suggests
3.13 2.38 263 2.71 global (tropical) means are better represented
PO F— B+ C+ B- B- but regional climates are less trustworthy in
o 3.13 2.25 2.50 263 models.
B- A Cc- B- : :
5 |GFDLam3 275 3.63 188 e Water vapor is better simulated than clouds.
— — - B Boundary layer water vapor IS the best
6 | GFDLcm3 simulated, because of the strong constraint on
3.13 3.13 1.88 2.72
= - = B boundary layer water vapor by SST. 100 hPa
+ - = E
g water vapor is very poorly represented.
7 | GIss e2-h i 54 o . P y poorly rep
W F— B- C+ C+ C+ For spatial means, upper troposphere is worse
e 2.75 2.13 213 234 than lower and middle troposphere. For
) B- C+ C+ C+ _spati_al correlation, 215 hPa (deep convection)
o 25 2.38 2.13 i is fairly good; 600 and 900 hPa (low clouds)
o ost ons B+ B B B are very bad. For spatial variance, all levels
cmSa 3.13 3.00 288 300 are poorly simulated.
i | iekRicas B B B B+ There is no apparent correlation between
328 820 300 3.17 model biases in clouds and water vapor. Their
A- B+ A- A- “tunings” are decoupled.
12 | UKMO hadgem2-a 3.63 338 3.50 350
A- B+ A- B+
19 |UKMOhadgenden: | o5 3.25 3.50 5,45 Acknowledgements: Ken Jucks, ROSES10-AST:

Final Grade: A=4 (excellent); B=3 (very good); C=2 (good); D=1 (fair); F=0 (fail) Joe Waters, Nathaniel Livesey, Michelle Santee, Aura-MLS




