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Outline for the next 2 days

* Intro to Kyla

* Intro to Hyperspectral RS

* Project examples

* Lab — exploring imaging spectroscopy in ERDAS
* Intro to Land Surface Models & Benchmarking
* Project example

* Lab — simple climate envelope modeling in R
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Climate and Plants
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Climate Change and Plants
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History of Climate Change
Research

1824: Joseph Fourier figures out that the Earth’s
surface would be colder in the absence of an

atmosphere (“Remarques generals sur les temperatures du globe

terrestre et des espaces planetaires.” Annales de Chemie et de Physique
27:136-167)

1861: John Tyndall discovers that water vapor, CO, &

CH, trap heat, O, and N, do not. (“on the absorption

and radiation of heat by gases and vapours...” Philosophical Magazine 4 &
22:169-194, 273-285)

1896: Svante Arrhenius estimates that a doubling of
atmospheric CO, will raise surface temperatures

by 4°C. (“On the influence of carbonic acid in the air upon the
temperature of the ground.” Philosophical Magazine 41: 237-276)

slide info from John Holdren AAAS Climate50



Mauna Loa Observatory

Mauna Loa monthly mean CO, concentration 1958-2015

Monthly CO, variation (yearly average deviation)
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What are Climate Models?

* Gridded mathematical representations of the Earth
System

e ~40 around the world

* HUGELY computationally expensive — run on
supercomputers

* In the US there are 2 global climate models:

* National Center for Atmospheric Research’s Community
Earth System Model (CESM)

* National Oceanic and Atmospheric Administration’s
Geophysical Fluid Dynamics Lab’s ESM



What are Climate Models?




What are Climate Models?

* Operate with varying degrees of complexity in
terms of
* Spatial scale
* Temporal scale (?)
* Parts of the Earth system included
* Processes included



What do people do with ESMs?

* Try to understand how the atmosphere works
* Try to understand how the oceans work
* Try to understand ocean-atmosphere interactions

* Try to understand how the land surface interacts
with the atmosphere

* Try to understand land-ocean-atmosphere
interactions

* Predict what the future planet will look like



NCAR’s CESM
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NCAR’s CESM
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NCAR’s Community Land Model (CLM)

Modeling the Climate System
The land is a critical interface through which: .
g e | g ST
1. Climate and climate change impacts e

Cirrus Clouds. Atmospheric
GCMm

humans and ecosystems s e

and

2. Humans and ecosystems can force global
environmental and climate change
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Surface energy fluxes
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Land Surface in the Climate System %\5/1§§ i )
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3. Biogeochemistry (Carbon and Nitrogen Cycles):
- Plant Photosynthesis and Respiration

6 CO, + 6 H,0 + light -> C,H,,0, + 6 O,
- Carbohydrates are allocated to Leaves, Roots, Wood
- Leaves, roots and wood become litter, debris, soil C
- Organic decomposition and fire remove carbon
- Nitrogen is cycled impacting«growthsand decay.o

slide from Dr. Peter Lawrence, NCAR




Community Land Model (CLM 4.5) subgrid tiling
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CLM Vegetation Modeling Leaf to Landscape Processes

Sunlight

1. CLM Photosynthesis, Respiration and Transpiration
Traits, Sunlight, CO,, Temperature, Water and Nitrogen

Carbon
Dioxide

2. Carbon Allocation for Leaf, Stem and Root growth from
Photosynthesis, Nitrogen availability and Phenology

3. Soil Hydrology, Soil and Litter Carbon and Nitrogen Cycles,
and Heterotrophic Respiration

4. Land Cover Change, Wood Harvest, Mortality and Fire

5. Crop modeling with Planting, Fertilizer, Irrigation,
Grain fill and Harvest
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What about the future? -
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* Representative Concentration
Pathways (RCPs) = possible future

aah

conditions. (Meinshausen et al 2011 on I
D2L) i I A
* Lots of decisions go in to these =
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What is Benchmarking?

Global Change Biology (2009) 15, 2462-2484, doi: 10.1111/.1365-2486.2009.01912.x

Systematic assessment of terrestrial biogeochemistry in

coupled climate—carbon models

JAMES T. RANDERSON* FORREST M. HOFFMANY, PETER E
NATALIEM. MAHOWALDY, KEITH LINDSAYf YEN-HUEI L1
CYNTHIA D. NEVISON*|, SCOTT C. DONEY*, GORDON BO?
RETO STOCKLI¥% 3, CURTIS COVEYS§S, STEVEN W. RUNNIN
*Department of Earth System Science, Croul Hall, University of California, Irvine, CA 92
Laboratory, Computational Earth Sciences Group, PO Box 2008, Oak Ridge, TN 37831, L
National Center for Atmospheric Research, PO Box 3000, Boulder, CO 80307, USA, §Oa
Environmental Sciences Division, PO Box 2008, Oak Rz'dg e, TN 37831, USA, Y| Departme
2140 Snee Hall, Cornell University, Ithaca, NY 14850, USA, ||Iustitute for Arctic and Alp
Colorado, Boulder, CO 80309, USA, **Department of Marine Chemistry and Geochemistr
Institution, Woods Hole, MA 02543, USA, 1 1Department of Atmospheric Sciences, Color:
80523, USA, tiMeteoSwiss, Climate Service, Federal Office of Meteorology and Climatolo
88§Program for Climate Model Diagnosis and Intercomparison, 7000 East Avenie, Bldg. 1
USA, Y Numerical Terradynanmic Simulation Group, College of Forestry & Conservation,
59812, USA, ||||Departinent of Earth and Planetary Science and Department of Environm
307 McCone, Mail Code 4767, University of California, Berkeley, CA 94720, USA

Abstract

With representation of the global carbon cycle becoming increasin
models, it is important to develop ways to quantitatively evalua

onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2009.01912.x/pdf

Biogeosciences, 10, 3313-3340, 2013
www.biogeosciences.net/10/3313/2013/
doi:10.5194/bg-10-3313-2013

© Author(s) 2013. CC Attribution 3.0 License.
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A comprehensive benchmarking system for evaluating global

vegetation models

D. L Kelley!, I. C. Prentice'Z, S. P. Harrison', H. Wang'*, M. Simard’, J. B. Fisher’, and K. O. Willis!

IDepartment of Biological Sciences. Macquarie University. North Ryde. NSW 2109, Australia
2Grantham Institute for Climate Change. and Department of Life Sciences. Imperial College, Silwood Park Campus, Ascot

SL5 7PY,. UK

3 Geography & Environmental Sciences, School of Human and Environmental Sciences. Reading University. Whiteknights.

Reading. RG6 6AB. UK

4State Key Laboratory of Vegetation and Environmental Change. Institute of Botany. Chinese Academy of Science.

Xiangshan Nanxincun 20, 100093 Beijing. China

37Tet Propulsion Laboratory. California Institute of Technology. Pasadena. CA 91109, USA

Correspondence fo: D. 1. Kelley (douglas kelley(@students.mg.edu.au)

Received: 20 July 2012 — Published in Biogeosciences Discuss.: 9 November 2012
Revised: 5 March 2013 — Accepted: 7 March 2013 — Published: 17 May 2013

Abstract, We present a benchmark system for global veg-
etation models. This system provides a quantitative eval-
uation of multiple simulated vegetation properties. includ-
ing primary production: seasonal net ecosystem production:
vegetation cover: composition and height: fire regime: and

runoff. The hench_malks are derived from remotely sensed
oriddad datacate ita 1. A ol Tha

demonstrably more accurately. Benchmarking also identified
several weaknesses common to both DGVMSs. The bench-
marking system provides a quantitative approach for evalu-
ating how adequately processes are represented in a model.
identifying errors and biases. tracking improvements in per-

formance through model dev elopmem and discriminating
Aol A H e 1 .t zonald d 1

blogeosmences net/10/3313/2013/bg- 10 3313-2013.pdf

Also see: biogeosciences.net/9/3857/2012/bg-9-3857-2012.pdf
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What is Benchmarking?
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Fig. 1 Month of maximum leaf area index from (a) MODIS, (b) CASA’, and (c) CN. The observations are from the MOD15A2 collection
4 LAI product from MODIS (Myneni et al., 2002) with additional adjustments to interpolate across periods of cloud contamination as
described by Zhao et al. (2005). CASA, Carnegie-Ames-Stanford Approach; CN, carbon-nitrogen; LAI, leaf area index; MODIS,

onlinelibrary.wiley.com/doi/10.1111/j.1365-2486.2009.01912 x/pdf "0 w2 Resolution Imaging Spectroradiometer
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What is Benchmarking?
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What is Benchmarking?
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Fig. 4 Comparison of model estimates with eddy covariance measurements from Sylvania Wilderness (Desai et al., 2005), Harvard
Forest (Barford et al., 2001), and Walker Branch (Wilson & Baldocchi, 2001) sites from the Ameriflux network. Level 4 gap-filled
measurements from all available years were used to construct monthly means. Model information was extracted from experiment 1.4
for the same periods.
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What is Benchmarking?

Lots of decisions to make...
 What variable(s)?

* What time scale?

 Spatial? (map? Zonal means?)
* Point?

* One number or multiple?



What is Benchmarking?

www.ilamb.org

SIGLOoBAL
i G B P
CHANGE

‘T—'

ILAMB

THE INTERNATIONAL LAND MODEL BENCHMARKING PROJECT

IS BENCHMARKS RESULTS & DIAGNOSTICS MEETINGS PUBLICATIONS ABOUT

Meeting in January 2011 Welcome to ILAMB!

The last ILAMB Meeting was held in The Intemational Land Model Benchmarking (ILAMB) project is a model-data intercomparison and integration
Irvine, California, USA. on 24-26 project designed to improve the performance of land models and, in parallel, improve the design of new
January 2011. Sponsored by the U S measurement campaigns to reduce uncertainties associated with key land surface processes. Building upon
Department of Energy. NASA_ and past model evaluation studies, described below, the geals of ILAMBE are to

IGBP-AIMES, More...

1. develop internationally accepted benchmarks for land medel performance,

. promote the use of these benchmarks by the intemational community for model intercomparison
strengthen linkages between experimental, remote sensing, and climate modeling communities in the

Summaries from the first ILAMB design of new model tests and new measurement programs, and

Meeting, held in Exeter, UK, are . support the design and development of a new, open source, benchmarking software system for use

available here. The 22-24 June 2009, by the interational community.

meeting was sponsored by QUEST

and GLASS

=]

Summary of UK Meeting

w

-

Improving the representation of the carbon cycle and land surface processes in
climate models requires extensive compansen of medel results with observations
This precess is difficult and time intensive. Past data-medel intercomparisons have
strengthened the representation of key processes in land models, but often this
information has not been easily accessible for use by other modeling teams or in
future intercomparisons. Specifically, there is a large cost in developing the

infrastructure to make meaningful model-data comparisons, even when the data are
freely and easily available. Further, the development of sophisticated model diagnostics programs—that can
fully exploit the richness of large Earth System data sets like satellite or Fluxnet measurements—are
outside the scope of any single modeling center. Thus, an important direction for the field is the development
of a community-based model evaluation system that is open source and modular, allowing for contributions
by many different modeling and measurement teams

Multiple past intercomparison efforts provide a foundation a new intemational benchmarking activity cHMIP
provided the community with an elegant conceptual framework for diagnosing the causes of model-to-model
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Biogeosciences, 12, 5061-5074, 2015
www.biogeosciences.net/12/5061/2015/
doi:10.5194/bg-12-5061-2015

© Author(s) 2015. CC Attribution 3.0 License.

Environmental drivers of drought deciduous phenology in the

Community Land Model

K. M. Dahlin!?, R. A. Fisher?, and P. J. Lawrence*

!Department of Geography. Michigan State University, East Lansing. Michigan, USA
2Climate and Global Dynamics Division, National Center for Atmospheric Research, Boulder, Colorado, USA

Correspondence to: K. M. Dahlin (kdahlin@msu.edu)

Received: 6 March 2015 — Published in Biogeosciences Discuss.: 16 April 2015
Revised: 30 July 2015 — Accepted: 5 August 2015 — Published: 26 August 2015

Abstract. Seasonal changes m plant leaf area have a substan-
tial impact on global climate. The presence of leaves and the
time when they appear affect surface roughness and albedo,
and the gas exchange occurring between leaves and the atmo-
sphere affects carbon dioxide concentrations and the global
water system. Thus, correct predictions of plant phenological
processes are important for understanding the present and fu-
ture states of the Earth system. Here we compare plant phe-
nology as estimated in the Community Land Model (CLM)

cal shifts due to climate change have already been identified
(e.g., Parmesan and Yohe, 2003). Phenology can refer to a
large number of patterns and behaviors in plants and animals
that shift with the seasons. Here, however, because we are fo-
cused on land surface model simulations, we use phenology
specifically to refer to intra-annual variations in leaf area in-
dex (LAI). Leaf area can vary significantly within a year and
is, therefore, a critical control on land-atmosphere feedbacks
(Lawrence et al., 2012).
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How does the drought deciduous
algorithm in CLM work?

What happens when we change
(“fix") it?
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Extremely Short Introduction to the Community Land Model
Community Earth System Model (CESM)

(CLM) and the

solz
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land ice
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land
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\ land use

changes
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Phenology in CLM

* 15 non-crop plant functional types

* 3 phenology algorithms
e evergreen
* cold deciduous
* stress (= drought) deciduous



Where is CLM Stress Deciduous?
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Questions

* How well does the stress deciduous phenology

algorithm work in CLM? [Leaf Area Index]
(compared to AVHRR-derived LAI3g for 1982-2010; Zhu et al 2013)

* Did we make it work better? (with relatively simple
changes)

* What are the ecological consequences of this change?



How does stress/drought
decidousness work in CLM?

/——>
(in warm, long-day regions*) "
\ \ \ -
CLM4.5 Tech Note ’ 8 ° OCLMI\ZILS TeDch N(;te

from White et al 1997

* Start growing leavesiif...
 39s0il layer is wet (soil water potential > -2 MPa) for 15 days

* Onset period fixed at 30 days
e Start dropping leaves if...

* Onset period is complete
 39so0il layeris dry (soil water potential < -2 MPa) for 15 days

* Leaf drop period fixed at 15 days
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Correlations

R2
[10-0.1

! -_ [10.1-0.2
¥ | mo2-03
H03-04
Mo04-05
M0.5-0.6
Mo06-07
Mo7-08
M0s8-0.9
Mo09o-1
[J Not Significant

AVHRR LAI3g v. CLM4.5BGC
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What about at single points?

% Drought Deciduous Cover

> 0% 100%
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What's going on?
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Counting Peaks

AVHRR LAI3g

CLM4.5BGC

Dnone-1-2D3-4
Number, of Anpual Feaks,



How does stress decidousness

currently work in CLM?
(in warm, long-day regions)

D J

N
CLM4.5 Tech Note CLMA4.5 Tech Note

from White et al 1997

* Start growing leaves if...
 39s0il layer is wet (soil water potential > -2 MPa) for 15 days
* It RAINS! (20 mm in the past 10 days)

* Onset period fixed at 30 days
* Start dropping leaves if...

* Onset period is complete
 39s0il layer is dry (soil water potential < -2 MPa) for 15 days

* Leaf drop period fixed at 15 days
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Correlations

R2
[10-0.1

: []0.1-0.2
¥ | mo2-03
H03-04
M04-05
M0.5-0.6
Mo06-07
Mo7-08
M0s8-0.9
Mo09o-1
[J Not Significant

AVHRR LAI3g v. CLM-MOD

Kyla Dahlin - GEO827 - 20151110




What about fire?



What about fire?

Annual burned area fraction (% yr“l)
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Difference Maps

B > 20%
I 10 to 20%

1 50 10%

[ 105t05%
[ ]1-05t00.5%

[ 1-05t0-5%

= 1 -5 to -10%

B -10 to -20%
B < -20%

~ 4 10 to 18%
"1 5 t0 10%

[ 101t05%
[ 1-01t00.1%
[ 1-5t0-0.1%

S {10 to -5%

B 23 to -10%

Kyla Dahlin - GEO827 - 20151110



1 year of Fire & Veg Carbon
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Conclusions

* Delaying budburst until some rain has fallen gives
better agreement with the satellite-derived LAI
data, both for magnitude and seasonal cycle in
savanna regions.

* But this change degrades our ability to predict fire
patterns. But not by much.

* More implications? Soil C, climate feedbacks, etc.



So... Species Distribution
Modeling?

* Where are species now?
* Where are they going?

* What does that mean for the other organisms that
rely on them?

* Will it impact the climate?
* Will it impact people?



Negative Feedback (good!)

Plant wants
to grow

Water Plant opens
accumulates stomata to
in soil take in CO,

Plant closes
stomata &
conserves

energy

Plant starts
to run out of
water




Positive Feedback (not good!)

Increasing
CO, in
atmosphere
causes
warming

More
microbial Permafrost
respiration = begins to melt
more CO,...

Melting
Microbes permafrost
increase and gives more
respire more food to
microbes




Types of SDMs
(see Elith & Leathwick 2009)

 Climate Envelope Modeling (just climate)
* Habitat modeling (abiotic factors)
* Niche modeling (abiotic + biotic)

* ‘Gap’ models (every tree)
* MaxEnt (fancy statisics)
* Ecosystem Demographics (more fancy statistics)



So... what are we doing for the
lab?

* Climate Envelope Modeling!
e [ssues and Caveats...

* Where is everything?
* Dropbox



Step 1: Pick a Rare Plant in Ml

Example: Kitten tails (Besseya bullii)

Michigan
Natural

Rare Species Explorer

New Search

Besseya bullii
Kitten-tails

Key Characteristics

Small perennial forb (20-40 cm) of dry hillsides; prominent A B C
;‘v:t:ellj;?:lalle;\i/:es‘rounded at base; flowers yellow and small 1 [cou I'Ity Occurrences | Yea r_Obs
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9

10

11

More Images

Occurrences
Occurrences bserved Besseya bullii
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Step 2: Map its locations
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Step 3: Calculate its climatic niche

Besseya bullii- climate niche

1 0|OO

9(|)0

Precipitation (mm/yr)
800

7(|JO

I I I I I I I
-30 -20 -10 0 10 20 30

Temperature (deg C)



Step 4: Estimate its current
climatic range

Besseya bullii- current distribution

latitude
42 43 44 45 46 47 48

-90 -88 -86 -84 -82
longitude



Step 5: Estimate its future climatic
range under RCP4.5

Besseya bullii- future (RCP 4.5)

latitude
42 43 44 45 46 47 48

-90 -88 -86 -84 -82
longitude



Step 6: Estimate its future climatic
range under RCP8.5

Besseya bullii- future (RCP 8.5)

latitude
42 43 44 45 46 47 48

-90 -88 -86 -84 -82
longitude



Thanks!

[shameless plug tor GEO837]

kdahlin@msu.edu
www.msu.edu/~kdahlin
@bristleweed
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