
Biogeochemistry	  is	  Physics?	  



First	  an	  intro	  

•  “I’m	  from	  New	  Jersey;	  I	  don’t	  expect	  much.	  If	  
the	  world	  ended	  today,	  I	  would	  adjust.”	  –	  
John	  Gorka	  



	  	  	  	  	  







CV	  
•  1993-‐1997	  B.A.	  Computer	  Science	  and	  Environmental	  Studies,	  Oberlin	  College	  

•  1997-‐1999	  Internships	  at	  US	  EPA	  and	  US	  Forest	  Service	  

•  1998-‐2000	  M.A.	  University	  of	  Minnesota,	  Geography	  

•  2000-‐2001	  Research	  fellow,	  UMN,	  Forest	  Resources	  

•  2002-‐2006	  Ph.D.	  Penn	  State,	  Meteorology	  

•  2006-‐2007	  Advanced	  Study	  Program	  Postdoc,	  NCAR	  

•  2007-‐2011	  Assistant	  Professor,	  UW-‐Madison	  

•  2011-‐	  Associate	  Professor,	  UW-‐Madison	  



CV	  
•  1993-‐1997	  B.A.	  Computer	  Science	  and	  Environmental	  Studies,	  Oberlin	  College	  

–  Was	  a	  computer	  nerd	  at	  a	  hippie	  school,	  turned	  down	  MIT	  as	  a	  rebellious	  teen	  
–  Probably	  would	  have	  been	  richer	  if	  I	  stuck	  with	  computers,	  but	  really	  liked	  ecology	  

•  1997-‐1999	  Internships	  at	  US	  EPA	  and	  US	  Forest	  Service	  
–  Paid	  to	  go	  hiking	  in	  the	  woods	  and	  write	  unused	  databases	  in	  byzan_ne	  bureaucracy	  
–  Decided	  to	  go	  to	  grad	  school	  when	  bored	  with	  work	  world,	  liked	  idea	  of	  human-‐environment	  	  

•  1998-‐2000	  M.A.	  University	  of	  Minnesota,	  Geography	  
–  Went	  to	  program	  that	  offered	  most	  funding	  and	  best	  par_es,	  learned	  human	  and	  physical	  

geographers	  don’t	  get	  along,	  lucky	  to	  meet	  my	  advisor,	  but	  then	  he	  leaves,	  I	  briefly	  follow	  
•  2000-‐2001	  Research	  fellow,	  UMN,	  Forest	  Resources	  

–  Was	  told	  to	  build	  a	  flux	  tower	  from	  scratch	  with	  no	  experience.	  Boss	  quits	  partway	  	  
–  First	  inkling	  of	  weird	  joint	  pains.	  Got	  married.	  Wife	  gives	  up	  on	  science	  jobs	  

•  2002-‐2006	  Ph.D.	  Penn	  State,	  Meteorology	  
–  Followed	  advisor	  to	  middle	  of	  nowhere	  Pennsylvania,	  M.S.	  paper	  rejected	  
–  Buy	  a	  house,	  learn	  that	  I	  have	  psoria_c	  arthri_s,	  wife	  gives	  birth	  week	  acer	  pre-‐lims	  

•  2006-‐2007	  Advanced	  Study	  Program	  Postdoc,	  NCAR	  
–  Applied	  to	  UW	  on	  a	  whim	  acer	  workshop.	  Offered	  posi_on	  with	  one-‐year	  post-‐doc	  op_on	  
–  Moved	  a	  3-‐year	  old	  to	  Boulder.	  Skied	  a	  lot.	  Unwidngly	  ran	  an	  airborne	  field	  campaign	  and	  workshop	  

•  2007-‐2011	  Assistant	  Professor,	  UW-‐Madison	  
–  Second	  child	  born	  two	  weeks	  acer	  moving,	  three	  days	  before	  teaching	  first	  class	  ever	  
–  Win	  the	  grant	  funding	  lofery,	  have	  another	  kid,	  have	  a	  new	  “family”,	  get	  older,	  not	  wiser	  

•  2011-‐	  Associate	  Professor,	  UW-‐Madison	  
–  Early	  tenure	  decision	  forced	  by	  an	  outside	  offer,	  students	  graduate,	  run	  grad	  program	  
–  Hit	  funding	  drought,	  need	  new	  research	  direc_ons,	  go	  on	  sabba_cal!	  























Physics?	  



Or…	  Why	  Climate	  Scien_sts	  will	  	  
never	  hug	  Ecologists	  again	  



Arrhenius,	  S.,	  1896.	  On	  the	  influence	  of	  carbonic	  acid	  in	  the	  air	  
upon	  the	  temperature	  of	  the	  ground.	  

if	  the	  quan+ty	  of	  carbonic	  acid	  increases	  in	  geometric	  
progression,	  the	  augmenta+on	  of	  the	  temperature	  
will	  increase	  nearly	  in	  arithme+c	  progression	  

Double	  CO2	  -‐>	  
	  	  5-‐6	  C	  increase	  

Callendar,	  G.S.,	  1938.	  The	  ar_ficial	  produc_on	  of	  carbon	  dioxide	  
and	  its	  influence	  on	  climate.	  QJRMS,	  64,	  233-‐240.	  



If	  only	  were	  it	  so	  simple…	  



The	  Beat	  Goes	  On…	  

Image:	  They	  Might	  Be	  Giants	  

Data:	  NOAA/ESRL	  



Biology	  drives	  Physics	  

Ecosys
tem	  Carbo

n	  Sink	  

Houghton	  et	  al.	  (2007)	  



Anthropogenic Perturbation of the Global Carbon Cycle 

Perturbation of the global carbon cycle caused by anthropogenic activities, 
averaged globally for the decade 2004–2013 (GtCO2/yr) 

Source: CDIAC; NOAA-ESRL; Le Quéré et al 2014; Global Carbon Budget 2014 

Data: CDIAC/NOAA-ESRL/GCP



Global Carbon Budget 

Emissions are partitioned between the atmosphere, land, and ocean 

Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Joos et al 2013; Khatiwala et al 2013;  
Le Quéré et al 2014; Global Carbon Budget 2014 



And	  we	  fail	  at	  modeling	  it…	  

UMD) simulate a sink/source transition for the land
carbon flux. The source arising in the UMD simulation
is mainly due to the fact that this model already simu-
lates a very weak land carbon uptake in the uncoupled

simulation (uptake of 0.3 GtC yr!1 for the 1990s and 1
GtC yr!1 by 2100). These two models are also the ones
that simulate the larger atmospheric CO2 concentration
by 2100, as the land is a source of CO2 at that time. This

FIG. 1. (a) Atmospheric CO2 for the coupled simulations (ppm) as simulated by the HadCM3LC (solid black),
IPSL-CM2C (solid red), IPSL-CM4-LOOP (solid yellow), CSM-1 (solid green), MPI (solid dark blue), LLNL
(solid light blue), FRCGC (solid purple), UMD (dash black), UVic-2.7 (dash red), CLIMBER (dash green), and
BERN-CC (dash blue). (b) Atmospheric CO2 difference between the coupled and uncoupled simulations (ppm).
(c) Land carbon fluxes for the coupled runs (GtC yr!1). (d) Differences between coupled and uncoupled land
carbon fluxes (GtC yr!1). (e), (f) Same as (c), (d), respectively, for the ocean carbon fluxes.
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Fig 1 live 4/C

Friedlingstein	  et	  al.,	  2006	  

Feedbacks	  are	  ubiquitous	  and	  unconstrained	  



Why?	  

xkcd.com	  



Medvigy	  et	  al.,	  2009	  



Light	  

Schaefer	  et	  al.,	  submifed	  



Long	  et	  al.,	  2006	  

C3	  vs	  C4	  

Farquhar	  vs	  LUE	  



Indirect	  Climate:	  Phenology	  

mine the amount of foliage present and active in a canopy
(Table 2). The simplest approach is to prescribe a fixed sea-

sonal course of LAI. This approach encompasses the onset
and development of foliage and also the dynamics of leaf loss.
The original version of SiB (Sellers et al., 1986) used monthly
LAI values that were specific for each plant functional type. A

slightly more complicated approach to phenology is to pre-
scribe the presence and amount of foliage based on remote
sensing data. SiB2 (Sellers et al., 1996) used AVHRR data to

determine seasonal NDVI and then fPAR and LAI. In the
present analysis, BEPS relies on a global LAI dataset (Deng
et al., 2006) derived from SPOT4 VEGETATION images and

corrected for clumping via multi-angle POLDER observations
(Chen et al., 2005). ED2 is designed to operate with the MODIS

LAI product or other phenological drivers (Medvigy et al.,
2009). Because satellite data are sometimes not available (e.g.,
for prognostic runs), models that use remotely sensed pheno-
logical observations may use multi-year average LAI and

often maintain the flexibility of using other sources. The
results presented here for the SiB class of models (as well as
ISAM), for example, use a single average seasonal course of

LAI determined for each site.
Foliage onset and development in plants have long been

related to temperature thresholds and cumulative heat sums
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Fig. 1 The mean seasonal trajectory of observed and simulated leaf area index (LAI), for five deciduous broadleaf sites. The continuous

observed LAI is derived from gap fraction estimates based on above- and below-canopy measurements of photosynthetically active

radiation. Open circles show periodic LAI measurements made using an LAI-2000 plant canopy analyzer.

© 2011 Blackwell Publishing Ltd, Global Change Biology, 18, 566–584
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Richardson	  et	  al.,	  2012	  



Pests	  

Time since disturbance (years)
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Amiro	  et	  al.,	  2010	  



People!	  
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Gower	  et	  al.,	  (never)	  submifed	  



What	  else?	  
•  Microbes,	  fungi,	  earthworms	  
•  Herbivores	  (deer)	  
•  Shading,	  resource	  compe__on	  
•  Gene_c	  varia_on	  
•  Dispersal,	  recruitment,	  adapta_on/evolu_on	  
•  Fire,	  extreme	  events,	  feedbacks	  
•  Acclima_on	  
•  Riverine	  export	  
•  Ahhhh!	  



It	  Mafers…	  

Friedlingstein	  et	  al.,	  2006	  



What	  to	  do?	  
4th	  Paradigm:	  Confron_ng	  science	  with	  intensive	  data	  

www.pecanproject.org	  NSF	  Advances	  in	  Biological	  InformaEcs	  
M.	  Dietze,	  A.	  Desai,	  D.	  LeBauer,	  R.	  Kooper	  





•  Earlier	  season	  (2-‐3	  
month)	  weekly-‐
seasonal	  
precipita_on/soil	  
moisture	  has	  
strongest	  predic_ve	  
effect	  on	  ecosysem	  
photosynthesis	  

•  Beyond	  that	  
autocorrela_on	  
dominates	  

ET	   WUE	  

Precip	   Qsoil	  





Advice…	  
•  Communicate	  frequently	  with	  your	  advisor	  

–  Don’t	  wait	  un_l	  results	  are	  perfect	  or	  things	  really	  fall	  apart.	  Write	  abd	  
share	  a	  set	  of	  goals,	  show	  par_al	  results,	  thought	  process,	  dracs	  

•  Even	  as	  a	  student,	  you	  are	  now	  an	  independent	  (appren_ce)	  
scholar	  
–  Seek	  out	  your	  own	  collabora_ons,	  find	  your	  own	  interes_ng	  ar_cles	  to	  

read,	  take	  ini_a_ve.	  Use	  your	  advisor’s	  network	  
•  If	  you	  don’t	  write	  or	  communicate	  your	  findings,	  it’s	  not	  science	  

–  Thesis	  wri_ng	  takes	  a	  lot	  longer	  than	  anyone	  thinks.	  There	  are	  great	  
wri_ng	  resources	  on	  and	  off	  campus.	  

•  Graduate	  school	  is	  hard	  
–  And	  so	  is	  everything	  else	  around	  and	  beyond	  it.	  We	  all	  struggle,	  have	  

life	  happen	  around	  it,	  and	  don’t	  achieve	  as	  much	  as	  we	  hoped.	  Seek	  
out	  mul_ple	  mentors,	  friends	  outside	  academia,	  hobbies.	  Rely	  on	  each	  
other.	  Focus	  on	  people	  over	  ideas.	  


