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Earth Sys’rem Models
what role for Observations?

Colin Jones
Head Rossby Centre SMHI (departing..)
Head UK Earth System Modeling Project (arriving...)
Coordinator EU FP7 EMBRACE (remaining.....)
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Where humanity’s C02 comes from

Q1% 33.4 billion metric tonnes 9% 3.3 billion metric tonnes

Atmosphere
(800)

Fossil Fuels & Cement 2010 Land Use Change

Where humanity’s C02 goes i 2 AT
Net terrestrial & " : o (1000) o

uptake

2 = 2 -
! 3 Phytoplankton Resplratlon
respiration and photugynthes|s
- Soil carbon decomposition decompos:tlon

x - e So
Atmosphere 2010 Land 2010 Oceans (2300) Net ocean
uptake
2

2010 data updated from: s
0 Le Quéré et al. 2009, Nature Geoscience Fossil poo
o B (10,000) Reactive sediments
Canadell et al. 2007, PNAS CO2Now.org ™ (6000)

The carbon cycle is intimately linked to the physical cllma’re sysTem and may also
require accurate simulation of assocua’red biogeochemical cycles (e.g. HZO NZ, Oz)
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Climate change effects on e "\ Climate change effects on _
solubility of CO, e TR -\ plant productivity,

ocean biological pump s B o et N8 distribution

and ocean circulation  J&s | _ ek and soil r'esplr'a'rlon

Based on Cox 1999
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Coupled Carbon-Climate Models in CAMIP indicate a possible increase in the

amount of carbon staying in the atmosphere in the future of ~5-20% due i

to the Earth's carbon sinks slowing down in response to climate chang
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Uncertainty is large: depending on the physical climate change, inceasing

CO, other gas concentrations and the carbon cycle response to these change
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Changes in both Ocean and Terrestrial Carbon
uptake with climate warming h ertain
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o
Physical climate variability and |
the carbon cycle interact strongly — a Nina
Ocean biological activity, upwelling, ok T —
.| carbon outgassing and nutrient transport §

- ::_'-f E AP — z o N E =S
. -
L

January 1998

July 1998

02.03 .05 | P AREE, 5 1 2 3 5 10 1520 30 S

Ocean: Chlorophyll @ Concentration (mg/m3)

240 260
Longitude

%5 % 27 28 29
- - “..\-‘.h-q"“
I, o Ty

Critical that physical climate processes and their fu;o-way. interaction
with the global carbon cycle are accurately represented in ESMs

E
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S South Asian monsoon wmds
- generate oceanic upwelling
off Arabian Peninsula with
nutrient rich waters reaching
the sunlit surface layer,
| leading to enhanced biological

achvufy ptake of COZ

. if

The strong dependence
o of the carbon cycle on
the state and circulation
® of the physical climate
= | means we need to evaluate
both components and their
mferactuons/covaruabnl|1'y
| R
T

o
g
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Fires play an important role in
vegetation dynamics, are a source
of biogenic aerosol precursors and
are strongly influenced by physical
climate variability. They therefore
need to be included in ESMs

a . i

PP——.t

The land bioshee isalsc-J tightly
coupled with the physical climate,
r cycle




Both the Ter'r'es'rr'lal and marine blosphere are important emission sources :
for' The a‘tmospher‘e and lnTeracT wu‘rh chemlcal and physical cllma‘te processes :

Terrestrial blosphere and atmospheric chemistry Marine biosphere and chemistry-cloud-climate mteractlons_i

Long-range transport
in the free troposphare ]

l Cloud droplets

Aerosols Lifetime

H;80, —> SO,
Hydroxyl
Radical

L

-
| |
L
L]

Volatile Organic Methane
Compounds Nitrogen oxides
I 80% of 20-40% of 10% of
Dimethyl

global emissions global emissions global emissions

4

. : : - ; - - Dimethyl Phytopiankiop P — Sea salt
i i sulphide ’ Wi . issolv i
Vegetatlon - P! B e Marine aggregates

ESMs need to represent the important pr'oc'ess interactions beTween
global biogeochemistry, atmospheric chemistry and the climate system

Processes and their multi-directional interactions require careful evaluation
both the basic variables and perhaps more importantly their covariability
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Ice Sheets & Sea Level Rise import

| N T . o -
Greenland Ice Sheet Albedo: 0—3200m elevation

d melt area 85
T - g = 2012

Total melt area
April-October

80

~Cumulated melt area 5 P ¥ _ . -
S 2 8 b 4 - 3
. (million km?) : = o 8 :‘; : - IS

751!
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(%)
s P L MR MR
NASA MOD10A1 data processed by J. Box and D. Decker
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Arctic War'mmg Risk for' carbon and methane release from permafr'ost and
warming ocean and methane hydrates: Potential Earth Sys'rem Tlppmg Points

——— g ————

B ke, Y et N, -j; ok i
Permafrost areas in the Arctic T

Methane hydrate

Surface temperature

t
hot spots s Slhena"t'

/ and
Laptev seas

Baronts
oo
Mumansk

| igogen /\,Emm

WINSULA

FINLAND
NORWAY
IGELAND

Atlantic
Ocean

Methane hydrate

predicted locations
WWF Arctic feedbacks

Increased greenhouse
warming and CO,
formation from
methane

Methane emissions

Increased warming
of the tundra surface
(permafrost areas)
and some ocean
waters causes
increased methane
emissions



| 6reenhouse Effect

- 2 7 5
i < d 3 {] s i

. GREENHOUSE GA

i Earth System model

s DMS, dust,
1 80,7, ¥eT A emissions
| formation S (T Y,

\ f " | CH, tropO; |

CHEMISTRY

Y Iron,
| deposition

e

| Wetland CH,,
| dry deposition
| stomatal uptake




Evaluation of simulated present climate and climate variability

Evaluation of simulated parameter co-variability/sensitivity
Evaluation of simulated trends against observed trends

. Help to constrain future climate change feedbacks by
constraining key model variability: Emergent constraints o

Documenting model improvement (with time) and perhaps for
ranking model reliability/suitability for climate projection
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Observations allow evaluation of model accuracy against past climate variability, I
allowing (attempts) to rank model quality and assess improvements over time

|
i

1 L
a s 1 L] 2

Normalized distance from observations for temperature and precipi

tation
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Identify the Ia-r'gest sources of uncertainty in estimating
future climate response to increased greenhouse gas loading
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Cloud Feedbacks remain the main uncertainty in
estlmahng Global Climate Sensitivity

j m“_"'*
C S i

Equilibrium temperature change decomposition, for 2xCO2
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4 5 6 7 8

GCM number
With feedback parameters from (Soden and Held, 2006)

9 10 11 12

[Dufresne and Bony, 2007]
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Change in TOA Cloud Radiative forcing with increased tropical SST as a I

function of 500hpa vertical motion. Red Lined models exhibit a feedback -
to warming tropical SST, blue models a negative feedback

T
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6 tropical CRF sensitivity to SST |
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convective regimes subsidence regimes
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500 hPa large—scale vertical velocity (hPa day™
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Largest inter-model differences occur in areas of large scale subsidence
Regions of boundary layer trade cumulus and stratocumulus clouds



EC-Earth compar'eg to Clou

Cloud Cover Jan 2007-2009 Mean & Uncertainty |

CC Land = CC Sea| S N e s

‘ 90
i | Some CCI problems over

70 70 Snow covered regions

0 04| * And subtropical/arid areas

50 1 50 | :

| CClI
N ' *| EC-Earth
& 30 - 30t

ERIM
] 2?90 -4l5 -3:3 -1I5 D 1‘5 SID 4I5 790 ZPSO -4l5 -GLO -1I5 O ‘|l5 SID 4I5 a0




Liquid Water Path Jan 2007-2009 Mean & Uncertainty

250

4 200

Cl

150
ERIM

100

i 1

5DJ
0

LWP Land

C-Earth

-80 -45 -30 -15 1] 15 30§ 45

I U Willen (SMHI) Cloud-CCI I

250

200

150

g/m?

100

50

.

LWP Sea

ol
-90

0 15 30 45

arth ver3

' Good agreement except over
snow & stratocumulus regions

Good with

LR

 modeller/observational

" interactions - finding problem
_ regions, how to use data and

uncertainties

ERA-interim
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Sa‘tellﬂ'e sumula’ror‘s Corﬁpar‘mg Like wrl'h lee

EC-EARTH
SIMULATOR OFF

‘.ﬁ
OBSERVATIONS:
Isccp

Low—level cloud amount (%) Low—level cloud amount (%) SIMULATOR ON

70
60
50
40
30
20
10
(s}

ISCCP mean = 24.2 % EC—EARTH mean = 42.7 %

EC—EARTH mean = 21.7 %

TAL v R T

Mid—level cloud amount (%) Mid—level cloud amount (%) SIMULATOR ON

Mid—level cloud amount (%) SIMULATOR OFF
70 -

60
50
40
30

20

ISCCP mean = 22.4 % EC—EARTH mean = 19.6 % EC—EARTH mean = 30.6 %

High—level cloud amount (%) High—level cloud amount SIMULATOR ON High—level cloud amount (%) SIMULATOR OFF
70 70
60 60
50 50
40 40
30 30
20 20
10 10

ISCCP mean = 18.4 % FC—EARTH mean = 16.1 % FC—EARTH mean = 34.9 %

(Lacagnina and Selten, submitted




Changes in radiative forcmg of 1'he Earth Sysfem -
are the physical driver of climate change

RS .k Y
J'ﬁ"aaztwe forcing of climate between 1750 and 200
Radiative Forcing Terms

Long-lived
greenhouse gases

= Halocarbons

Ozone Stratospheric Tropospheric

| (-0.05)
Stratospheric z
water vapour |

I

Black carbon

|

1

|

1

1

|

|

1

|

|

|

|

1

|

|

|

: |
1

Surface albedo Land use e |
: |
|
|
|
|
|
|
|
I
|
|
I
|
|
1
|
|
i

Direct effect
Total {

Human activities

Aerosol | cloud albedo
effect

Linear contrails

|
|
|
|
|
I
|
|
|
[
1
Solar irradiance :
1

e
processes

Total net
human activities

) ‘ ) 1 =
-2 -1 0 1 2 =R
Radiative Forcing (watts per square metre)

Aerosol-(cloud/precipitation)-radiation effects on climate are highly
Uncertain and limit our ability to estimate global climate sensitivity
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Lar'ge uncer"ram‘ry in remote-sensing retrlevals of CCN
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65.4072 2003-2008 MOD5: CDNC 210.153 cm™ 2000

-Liquid clouds T>268K 1O
-Warm cld fac> 0.4 |
-CCN at cloud top

Cloud simulator needed
for proper comparison! |

I. Ivanova SMHI

CSAT: CDNC w2654 o= zoos—z010  MODIS-Terra/Aqua:
' ' ' & CCN at cloud top

:1 CIoudSat screened for:
~ -Uncertainty < 200%

. -Represents CCN averaged
through the cloud depth
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" MODIS-Terra/Aqua
Liquid Reff at

cloud top

CSAT: LRE 9.53883 mm 2006—-2010
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. CloudSat screened for:

~ -Uncertainty < 200%

| -Average liquid Reff
through the cloud depth
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" I. Ivanova SMHI
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It is important fo evaluate pr'ocess controlling cloud- r'adlcmon mter'achons I

Ar'c'rlc SHEBA/RCM compamson
covariability between surface
downwelling longwave radiation
and cloud base temperature

250 260 270 280
Cld base temp

e e
. T

it ‘"‘m-b.-.._, B S
Arctic SHEBA/RCM comparison |
covariability between surface

Downwelling solar radiation and e Bintoe - L
Cloud liquid water path (CWP) I e e

COAMPS

02 04 06 02 04 06
CWP CWP
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Reduction in OLRc for a 1% increase in UTH is Iar'gr' where
the mean UTH is low (e.g ~4Wm-2 for a 10% increase)
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September Ice Extent
(RCP4.5) g v
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Stroeve et al. (2012), doi:10.1029/20126L0526




Ocean Heat Content (1975-1989 baseline)

| I | | | I | | |

PMEL OHC (0-700m) (Lyman et al)
— NODC OHC (0-700m) (Levitus et al)
—— GISS-ER Model simulations (0-750m)
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| Ty Emer'gem‘ Constraints _—
A RN NN it SRR ZEE
~ We wish to find constraints on po'rermal changes in the -
"'“. Earth System over the next century. The observational i

data records we have relate to shorter timescales.

_3 > Emergent Constraint : a relationship between an Earth I
~ System sensitivity to anthropogenic forcing and an
i observable (or already observed) feature of the ES. I

~ » Emergent because it emerges from an ensemble of
ESMs

> Constraint because it allows an observational constraint :
on estimates of the ES sensitivity in the real world.

T e
i il %,

After P.Cox et al. 2012
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An example of an EmergenT Cons‘rr'am‘r

Snow-albedo feedback in climate change
and seasonal cycle contexts
-1.5 r —

16

Climate change (% °C")

estimate
based on
observed
seasonal

cyele
-0.5 -1 -1.5
Seasonal cycle (% °C™)

Tk e B T'—'. -1-.'1
L e T ' ._hl--' . .-11

Sensmvny of the seasonal cycle of fr'ac‘rlonal snow cover to surface
temperature in GCMs strongly correlated with amplitude of snow-
albedo feedback in climate change simulations with the same GCMs




Control climate Carbon Content: Poor Predictor of future sensitivity of .

land carbon uptake/release to climate change: Can we do better ? <

e
[
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~100 |

~150 |

_2{:]0 I . 1 .£| N L

400 600 800 1000 1200 1400 1600
Initial Land Carbon {GtC)

Cox et al. Nature 2013
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Relationship between annual CO, Growth-rate and ™
annual Tr'oplcal Temper'atur'e anomalies - Obser'va'rlons
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Anomaly in dCQ,/dt {GtC/yr)

Anomaoly in Tropical T (K}

-0.2

Anomaly in dCO,/dt (GtC/yr)

—-0.2 -0 -0.0 0.1 0.2

s

-0.4
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Anomaly in Tropical T (K)

F 1—-* T

Correlation between annual gr'owfh rate in 1'r'op|cal CO, (pr'oxy |
For tropical Land uptake/release) and annual mean anomalies
in tropical Temperatures Very high in all C4AMIP GCMs

Cox et al. Nature 2013




e o
Model IAV of dCO,/dt - Excellent Predictor of Future E

Sensitivity of model land carbon uptake to climate change .
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Sensitivity of CO, Growth—Rate (GtC/yr/K)

Cox et al. Nature 2013
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"+ Tools for model observation co
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NASA-JPL: Observations for Model In’r_e_rcompar'ison Project (obs4MIP) l
- Facilitating the use of Satellite Data to Evaluate Climate Models o

-
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IRTERGOVERNMENTAL PANEL on ClimaTe chanee who UNED

How to bring as much How to best utilize the wealth
observational scrutiny as of satellite observations for the
possible to the IPCC process? IPCC process?
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Some Basic Tenets of O$B4MIP .

i e

Use CMIP5 sumulcmon pr'ofocol to gunde whlch observations ‘to s‘tage in
3 parallel to model simulations.Target: monthly mean products on 1°x1° grid

output: CMOR output, NetCDF files, CF Convention Metadata

3
- Includes a 6-8 page Technical Note describing strengths/weaknesses,

uncertamhes dos/don'ts regarding interpretations comparisons with models.
! (a'r graduate studen‘r level)

Convert Satellite Observations to be formatted exactly same as CMIP Model I
. Hosted side by side on the ESG with CMIP5 model data. '

Advertise availability of observations for use in CMIP5 analysis.




EMBRACE FP7 evaluation tool (under development: See V. Eyring talk Weds)

INPUT

CMIP5 archive

Observations
« OBS4MIP
» ESA-CCI

» GPCP

« CRU
 ERAinterim

PROCESS

Download CMOR

% compliant data and store —-9

locally

Each group’s own responsibility

STORAGE

OUTPUT

Locally accessible

storage

namelists

New model
experiments /

EMBRACE tool
Pre-processed data exisﬁ/

Read CMOR
compliant data

Compute spatial and

.

Tools

Scripts fromESG portal
Customary download and pre-
processing from non ESG
datasets

CCMVal

J

|

Webpage generator from
NCAR?

)

temporal means

Temporary storage for
pre-processed data
Naming convetion!

k|

’ Apply dia_gnostics |

Create plots and
corresponding datafiles

\Buld webpage




~ Observations are fundamental for improving Earth System Models

Process understanding ..... model development
Global Coverage ........... model evaluation
Homogeneous over time ... model evaluation,
... detection & attribution / monitoring




