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My  trajectory  to  BOREAS

•  (“You	  were	  in	  BOREAS?”)	  
• Physics	  undergrad	  –	  graduated	  during	  FIFE	  
• Grad	  student	  in	  	  astrophysical,	  planetary	  and	  atmospheric	  science	  @	  
U.	  Colorado	  –	  found	  a	  copy	  of	  Bretherton,	  “Earth	  System	  Science:	  A	  
Closer	  View”	  





Where  could  you  find  observaAonal  earth  
system  science  in  the  early  1990s?



Where  could  you  find  observaAonal  earth  
system  science  in  the  early  1990s?

I	  joined	  as	  a	  postdoc	  
working	  with	  Don	  
Lenschow	  at	  NCAR.	  
	  
I	  first	  did	  a	  liale	  FIFE	  data	  
analysis,	  having	  been	  
introduced	  to	  the	  data	  
set	  by	  Bob	  Grossman.	  



BOREAS  -‐  among  other  things,  a  training  program  
for  a  new  generaAon  of  earth  scienAsts
•  I	  watched	  ”senior	  scienbsts”	  from	  different	  disciplines	  learning	  to	  
speak	  with	  each	  other.	  

•  I	  learned	  to	  take	  such	  interdisciplinary	  communicabons	  for	  granted.	  
•  FIFE	  and	  BOREAS	  helped	  to	  create	  a	  new	  discipline,	  a	  natural	  
discipline	  –	  earth	  system	  science.	  	  	  



My  BOREAS  experience

• BOREAS	  (and	  FIFE)	  led	  to	  a	  great	  deal	  of	  scienbfic	  and	  community	  
development	  progress	  

• But	  they	  also	  pointed	  beyond	  their	  (my)	  scope	  (and	  ability).	  
•  These	  experiments	  opened	  our	  eyes	  to	  many	  objecbves	  that	  BOREAS	  
and	  FIFE	  (and	  I)	  alone	  couldn’t	  accomplish.	  	  	  

•  They	  mobvated	  future	  work	  for	  many	  ongoing	  careers.	  
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• Bugs?	  	  Just	  on	  the	  windshield	  of	  the	  Electra.	  	  (some	  bits	  of	  Scoa	  
Goetz	  on	  our	  windshield?)	  (You	  were	  in	  BOREAS?)	  



AFM-‐13  research  objecAves

1.  Tie	  together	  the	  North	  and	  South	  study	  areas.	  	  Fly	  the	  enbre	  
transect.	  	  Upscale	  the	  study	  areas	  into	  one	  large	  boreal	  forest	  
region.	  
•  Nice	  idea,	  very	  ambibous	  given	  the	  number	  of	  disciplines	  and	  groups	  that	  
would	  need	  to	  be	  bridged.	  

2.  Document	  atmospheric	  boundary	  layer	  development	  and	  its	  
interacbon	  with	  surface	  fluxes.	  



Flux  mapping

Oncley, S.P., D.H. Lenschow, K.J. Davis, T.L. Campos and J. 
Mann, 1997: Regional-scale surface flux observations across the 
boreal forest during BOREAS. J. Geophys. Res., 102, 
29147-29154.	  	  



Oncley	  et	  al,	  1997	  



Fireweed	  
Churchill,	  Manitoba	  
July,	  1994	  



Spring	  desert	  



Residual	  highly	  correlated	  
with	  lake	  fracbon.	  



ABL  flux  profiles  and  ABL  development

Davis, K. J., D. H. Lenschow, S. P. Oncley, C. Kiemle, G. Ehret 
and A. Giez, 1997: The role of entrainment in surface-
atmosphere interactions over the boreal forest. J. Geophys. Res., 
102, 29219-29230.	  	  

Kiemle, C., G. Ehret, A. Giez, K. J. Davis, D. H. Lenschow and 
S. P. Oncley, 1997: Estimation of boundary-layer humidity 
fluxes and statistics from airborne DIAL.  J. Geophys. Res., 102, 
29189-29204.	  	  



Approximate	  NCAR	  Electra	  flight	  paaern	  across	  the	  Southern	  Study	  Area	  

Transect	  length	  approximately	  100	  km	  



Sun	  et	  al.,	  1997	  



zi	  

0.8zi	  

0.4zi	  

100m	  

1.5zi	  

Typical	  NCAR	  Electra	  ABL	  “stack”	  paaern	  over	  the	  Southern	  Study	  Area	  
Transect	  length	  about	  100	  km	  

Lidar	  leg	  

Flux	  legs	  

No	  turbulence	  over	  lake	  at	  100m	  

Weak	  turbulence	  over	  lake	  at	  0.8	  zi	  

Boundary	  layer	  top	  at	  1	  –	  2.5	  km	  above	  ground,	  midday	  



Davis	  et	  al,	  1997	  



Spring	  desert	  

Davis	  et	  al,	  1997	  



Flux	  profiles	  lead	  to	  net	  warming,	  drying	  during	  the	  day	  

Davis	  et	  al,	  1997	  



Peak	  ABL	  cumulus	  development	  at	  midday,	  decrease	  later	  in	  the	  akernoon	  

Davis	  et	  al,	  1997	  



Where’s	  the	  lake?	  

Kiemle	  et	  al,	  1997	  
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Lake-‐flows  over  the  forest

Sun, J., D. H. Lenschow, L. Mahrt, T. L. Crawford, K. J. Davis, 
S. P. Oncley, J. I. MacPherson, Q. Wang, R. J. Dobosy, and R. L. 
Desjardins, Lake-induced atmospheric circulations during 
BOREAS, 1997: J. Geophys. Res., 102, 29155-29166.	  	  



Born	  about	  
one	  week	  aker	  
IFC-‐3	  ended.	  
	  
Pictured	  at	  lek	  
on	  trip	  visibng	  
Ehret,	  Giez	  and	  
Kiemle	  in	  1996.	  



BOREAS  also  pointed  to  what  else  we  (I)  should  try
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•  Link	  eddy	  covariance	  and	  atmospheric	  inversions	  –	  highly-‐calibrated	  [CO2]	  

•  Long-‐term	  studies	  –	  years	  –	  climate	  bme	  scales.	  

• Model-‐data	  synthesis.	  
•  Ecosystem	  data	  assimilabon,	  with	  mulbple	  observabonal	  constraints	  

•  Addibonal	  studies	  of	  land	  surface	  heterogeneity	  impacts	  on	  ABL	  
development.	  
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BOREAS  /  FIFE  follow-‐ons
• AmeriFlux	  /	  Fluxnet.	  	  Primed	  by	  FIFE/BOREAS.	  

•  Conbnental	  and	  global	  flux	  maps	  constructed	  from	  these	  data.	  	  	  
•  High	  uncertainty.	  	  Sbll	  challenging	  today.	  	  Flux	  tower	  network	  under-‐samples	  
ecosystem	  variability.	  	  PFTs	  insufficient.	  

• Chequamegon	  Ecosystem	  Atmosphere	  Study	  -‐	  WLEF	  tall	  tower,	  stand	  
level	  flux	  towers,	  ground-‐level	  observabons,	  remote	  sensing.	  	  	  

•  Like	  BOREAS,	  but	  for	  years	  to	  explore	  upscaling.	  	  Tall	  tower	  –	  large	  flux	  footprint.	  	  
Difficult	  to	  explain	  spabal	  variability	  in	  fluxes	  even	  in	  this	  densely	  instrumented	  
regional	  experiment.	  	  Stand	  age,	  forest	  type	  stretch	  number	  of	  towers.	  	  
Interannual	  variability	  in	  fluxes	  also	  difficult	  to	  explain.	  

• North	  American	  Carbon	  Program	  Midconbnent	  Intensive	  regional	  study	  
•  Regional	  atmospheric	  inversion	  study.	  	  [CO2]	  linked	  to	  flux	  towers,	  ecosystem	  
models.	  	  Success	  with	  regional	  (~106	  km2),	  annual	  net	  CO2	  flux	  esbmates	  via	  
atmospheric	  inversions.	  
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WLEF	  tower,	  Park	  Falls,	  
Wisconsin	  
	  
Lynchpin	  of	  the	  
Chequamegon	  Ecosystem	  
Atmosphere	  Study	  (ChEAS)	  
	  
NOAA	  highly	  calibrated	  
CO2	  (Peter	  Bakwin,	  
another	  BOREAS	  grad)	  and	  
a	  long-‐term,	  eddy	  
covariance	  flux	  profile	  
(me).	  	  Inibated	  in	  1995.	  
	  
Link	  between	  eddy	  
covariance	  and	  
atmospheric	  inversions	  
	  
Now	  part	  of	  AmeriFlux,	  
Ankur	  Desai,	  U.	  Wisconsin,	  
Principal	  Invesbgator	  



Berger	  et	  al,	  2001	  



Xiai	  et	  al,	  2011,	  2014	  

ChEAS:	  
	  
17	  stand-‐level	  
flux	  towers	  



Xiai	  et	  al,	  2011,	  2014	  
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Corn-‐dominated	  sites	  

MidConAnent  Regional  Intensive  Tower-‐Based  
CO2  ObservaAonal  Network

Miles et al, 2012, JGR-B 



•  Large	  differences	  in	  seasonal	  drawdown	  of	  CO2	  	  
•  2	  groups:	  33-‐39	  ppm	  drawdown	  and	  24	  –	  29	  ppm	  

drawdown.	  	  Tied	  to	  density	  of	  corn.	  

Mauna	  Loa	  

Miles et al, 2012, JGR-B 

MCI 31 day running mean daily daytime average CO2 
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Atmospheric inversions and agricultural inventory agree. 

Regional inversions and inventory have similar uncertainty 
bounds! 
Atmospheric inversions have great potential for carbon balance 
inference given suitable data density. 

Regional CO2 Sink estimates 



Cross-‐over  point?    Inversion  vs.  inventory

Atmospheric	  inversions	  
provide	  great	  insights	  at	  
global	  scale.	  	  Emissions	  
inventories	  are	  very	  
informabve	  at	  small	  scales.	  	  
Can	  we	  bridge	  the	  gap?	  

Midconbnent	  Intensive	  study	  area	  

Ogle	  et	  al,	  2015,	  ERL	  

Schuh	  et	  al,	  2013	   MCI	  results	  suggest	  that	  uncertainty	  in	  
an	  atmospheric	  inversion	  equals	  the	  
uncertainty	  in	  an	  agricultural	  inventory	  
at	  (several	  100	  km)2	  resolubon	  for	  this	  
inventory	  and	  these	  atmospheric	  data	  	  



More  follow-‐ons  like  the  NACP  MCI

All	  tower-‐based	  CO2	  /	  CH4	  measurements.	  	  Mulbple	  year	  measurement	  
campaigns.	  	  Limited	  eddy	  covariance	  flux	  work	  from	  aircrak	  or	  towers.	  
•  INFLUX	  –	  urban	  CO2	  and	  CH4	  emissions	  from	  Indianapolis	  
•  Marcellus	  –	  natural	  gas	  producbon	  CH4	  emissions	  from	  the	  Marcellus	  shale	  gas	  
fields	  

•  Gulf	  Coast	  Intensive	  –	  CO2	  budget	  of	  the	  Gulf	  Coast	  forests	  



Midcontinent 
intensive, 2007-2009 

Gulf coast 
intensive, 
2015-2016 

Marcellus 
regional 
intensive, 
2015-2016 

INFLUX, 
2010-present 

Regional GHG measurement campaigns 



•  Communications 
towers ~100 m AGL 

•  Picarro, CRDS 
sensors 

•  12 measuring CO2,  
5 with CH4, and 5 
with CO 

 
•  NOAA automated 

flask samplers 
•  NOAA LIDAR 
•  Eddy flux at 4 towers 

INFLUX GROUND-BASED NETWORK 

NIST	  
Miles	  et	  al,	  submiaed	  
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•  Observed CO2:  
afternoon values, 
averaged Jan-April 
2013 

•   Site 09:  0.5 ppm 
larger than Site 01 

•   Site 03: measures 
larger [CO2] by 3.2 
ppm 

 

Observed spatial structure of urban CO2            

NIST	  
Miles	  et	  al,	  submiaed	  



Atmospheric  Carbon  and  Transport  –  America  
an  Earth  Venture  Suborbital  mission

Image	  credit:	  Tim	  Marvel	  /	  NASA	  Langley	  

Overarching	  goal	  of	  greatly	  
reducing	  uncertainty	  in	  regional	  
atmospheric	  inverse	  esbmates	  of	  
CO2	  and	  CH4	  fluxes.	  
	  

Three	  mission	  goals:	  
1.  Reduce	  atmospheric	  

transport	  uncertainty.	  
2.  Improve	  regional-‐scale	  prior	  

CO2	  and	  CH4	  flux	  esbmates.	  
3.  Evaluate	  the	  sensibvity	  of	  

Orbibng	  Carbon	  
Observatory-‐2	  column	  CO2	  
measurements	  to	  regional	  
variability	  in	  tropospheric	  
CO2.	  

	  

Five,	  6-‐week	  long	  aircrak	  campaigns	  targebng	  the	  transport	  of	  
CO2	  and	  CH4	  by	  synopbc	  weather	  systems	  across	  four	  seasons	  
and	  three	  regions	  of	  the	  conbnental	  U.S.	  2016-‐2019.	  
	  

In	  situ	  CO2	  and	  CH4	  and	  associated	  trace	  gas	  measurements.	  	  
Column	  CO2	  measured	  with	  airborne	  lidar.	  	  Wallops	  C-‐130	  and	  
Langley	  B200	  aircrak.	  	  Invesbgators	  from	  10	  insbtubons.	  
	  

Model-‐data	  synthesis	  using	  a	  mulb-‐model	  ensemble	  for	  flux	  
and	  transport	  model	  pruning.	  	  

First	  field	  campaign	  complete:	  	  July-‐
August	  2016.	  
10	  frontal	  passages,	  10	  fair	  weather	  
flights,	  2	  Gulf	  inflow	  flights,	  3	  OCO-‐2	  
under	  flights.	  	  	  
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2016-‐07-‐18	  to	  2016-‐08-‐28	  
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ACT	  America	  
12	  Aug:	  Frontal	  Passage	  in	  Missouri	  

[RF	  14]	  
	  

Preliminary	  data:	  Please	  do	  not	  cite	  or	  reproduce.	  
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Cross-‐frontal	  legs	  at	  four	  
different	  al<tude	  	  
(1	  k?	  AGL,	  9,	  15,	  25	  k?	  
MSL)	  



12	  Aug	  2016	  
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C-‐130	  

King	  Air	  



August  12,  2016,  Midwest  cold  front

Data	  will	  be	  linked	  to	  the	  long-‐term	  tower-‐based	  
and	  satellite	  measurement	  networks,	  and	  used	  to	  
evaluate	  greenhouse	  gas	  transport	  models.	  

Approximate	  
frontal	  
boundary	  

5-‐10	  ppm	  CO2	  difference	  across	  front	  in	  the	  
free	  troposphere.	  
	  
15-‐20	  ppm	  CO2	  difference	  across	  front	  in	  
the	  atmospheric	  boundary	  layer.	  
	  
Elevated	  ABL	  CO2	  at	  the	  frontal	  boundary.	  	  	  
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CH4	  Longitude-‐Height	  Cross-‐sec<on	  
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• We	  need	  intensives	  to	  “oversample”	  and	  determine	  what	  long-‐term	  
observabons	  are	  needed	  to	  understand	  carbon-‐water-‐climate-‐nutrient	  
interacbons.	  



FIFE  and  BOREAS:

• Changed	  us,	  created	  a	  new	  community,	  showed	  us	  how	  to	  do	  more	  
ambibous,	  more	  comprehensive,	  more	  collaborabve,	  earth	  system	  
science.	  

• Maintaining	  that	  community	  and	  growing	  those	  capabilibes	  are	  our	  
responsibilibes.	  

•  Let’s	  watch	  where	  we’re	  going,	  keep	  balance,	  speak	  out,	  
•  and	  keep	  up	  the	  good	  work!	  


