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Climate models

For decades scientists have been using |jtli@nktiste1BnbeE &N to help us learn
more about the Earth’s climate. Known as climate models, they are driven by the
fundamental physics of the atmosphere and oceans, and the cycling of chemicals
between living things and their environment. Over time they have increased in

complexity, as separate components have merged to form coupled systems.
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Note: There were some very simplified models before the dates mentioned.

A
i
reeeee

EARTH AND ENVIRONMENTAL SCIENCES + LAWRENCE BERKELEY NATIONAL LABORATORY




CMIP3 models, SRES scenarios CMIPS models, RCP scenarios
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How to use observational
benchmark to improve Earth System
Model

= R Aramater Type Description Example
; ::‘/L";Y:‘g‘: Niadsbrrns Direct Data from instrument Atmospheric trace gas
* Biogeochemistry * Responses observations  readings with some mixing ratios, tempera-
L c Inarmics i processing ture, soil respiration
Benchmarks Experimental Data at two or more Response ratios of bio-
> Observations « Temporalscale ||  results levels of treatments mass and soil moisture

* Experimental results
* Data-model products
* Relationship and patterns

* Spatial cover
* Error structure

Data-model  Interpolation and extra- Global distribution of

products polation of data accord- GPP calculated from

' ing to some functions satellite and flux data
. L2 8 N R &8 &8 § &N &R _§B &8 &N B _§ & 8 &N &R _§ § N N _§ & 8§ N R § §
Matrices of performance skills i - - — :
e m—" j Functional Derived or emerged from  NPP vs. precipitation, |
* Acceptability I relationships  data soil respiration vs. |

* Ranking

* Strength and deficiency : or pattems tcmperaturc :
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Luo et al., 2012
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Emerging patterns benchmark
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Functional relationship benchmark
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Functional relationship benchmark

CMIP5 ESMs
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Functional relationship benchmark
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Causality benchmark

* Non-linearity
— A simplest nonlinear systems (Ephemeral or
“mirage” correlations )

X(t+1) = X(1) [3.8 - 3.8 X(t) -0.02 Y(#)]
Y(t+1) = Y(t) [3.5 - 3.5 V(1) - 0.1 X(2)]
A B
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Causality benchmark

* Nonsynchronous processes

@ A

Peak Process

/ Time Lag

Tz

Time Lag (dt)

Ruddell et al., 2009 11
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Causality benchmark

* Process network

Synoptic: typel

Ruddell et al., 2009 12
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Contribution to RUBISCO project

« Causation benchmarks
— Inform underlying mechanisms
— Better understand model bias
— Diagnose “wrong reasons -> right answers”

Patterns Processes
understanding > understanding

Where ? Why ?
13

‘e" E ESA EARTH AND ENVIRONMENTAL SCIENCES « LAWRENCE BERKELEY NATIONAL LABORATORY
\ o



Transfer entropy analysis

H(Y|X) =) p(z)H(Y|X = z)
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Transfer entropy analysis
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Case 1 West Sahel precipitation

Hypotheses:

 Warm sea surface temperatures weaken land-ocean temperature contrast
and migrate deep convection to the ocean, which leads to precipitation
decreases over land (Giannini et al., 2003 Science)

» Terrestrial vegetation dynamics control water and energy fluxes into the
atmosphere and thus impact local precipitation (Zeng et al., 1999 Science).

Sahel precipitation - July-September 1930-2000
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Robustness of identified feedbacks
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Time lag of identified feedbacks

sigTE lag SST->P sigTE lag LAI->P . sigTE lag P->LAI
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Probability distribution of SST
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Case 2: deforestation
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Confusion Matrix

LE->EF FSDS->EF T->EF  SH->EF GPP->EF Prcp->EF FLDS->EF VPD->EF
Accuracy 0.690 0.448 0.414 0.724 0.680 0.310 0.517 0.538
LE->EF FSDS->EF T->EF SH->EF
[[5 2] [[3 3] [[7 6] [[3 2]
[7 15]] [13 10]] [11 5]] [6 18]]
GPP->EF Prcp->EF FLDS->EF VPD->EF
[[5 0] [[3 3] [[6 3] [[10 1]
[812]] [17 6]] [11 9] [11 4]]
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Reconstructed Network
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Conclusions

1. Earth System Models that capture observed
emergent patterns, not necessarily get the right
answer with right reasons.

Causality benchmark offers a new way to
understand model bias

& EESA

. Eart]

and

Eart

h system dynamics are often nonlinear,

hard to investigate with linear approach

h system process to process relationship,

often subject to a certain time lag/lead
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Ongoing work & next step

» Explore alternative causality metrics

* Apply causality inference to carbon-climate,
carbon-concentration feedbacks

* Apply causality inference to FLUXNET2015
dataset, reconstruct whole process network
for major biomes

* Integrate causality benchmark metrics in
ILAMB framework
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