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Why	
  focus	
  on	
  ci'es?	
  

80%	
  of	
  the	
  world’s	
  fossil-­‐
fuel	
  CO2	
  emissions	
  

come	
  from	
  <5%	
  of	
  land	
  

Ci'es	
  (and	
  their	
  power	
  plants)	
  are	
  the	
  largest	
  emi[ers	
  3	
  



Ci'es	
  and	
  states:	
  climate	
  first-­‐responders	
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  h[p://www.c40ci'es.org	
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Linking	
  sub-­‐na'onal	
  carbon	
  markets	
  

Emerging	
  sub-­‐na'onal	
  carbon	
  markets	
  value	
  	
  ~$500B/year	
  
(2011)	
  if	
  there’s	
  sufficient	
  trust	
  to	
  link	
  &	
  trade	
  



Vision:	
  Global	
  carbon	
  monitoring	
  system	
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Duren,	
  R.M	
  and	
  C.E.Miller	
  (2012),	
  Measuring	
  the	
  Carbon	
  Emissions	
  of	
  Megaci'es,	
  Nature	
  Climate	
  Change	
  2,	
  560–562	
  (2012)	
  doi:10.1038/nclimate1629.	
  	
  



Pilot:	
  	
  Megaci'es	
  Carbon	
  Project	
  	
  

	
  
What	
  are	
  the	
  carbon	
  
emissions	
  of	
  ci'es	
  and	
  how	
  
are	
  they	
  changing?	
  
	
  
Why	
  are	
  emissions	
  changing	
  
(which	
  sectors,	
  policies,	
  and	
  
behaviors	
  are	
  responsible)?	
  	
  
	
  
Are	
  mi'ga'on	
  efforts	
  having	
  
the	
  intended	
  effect?	
  
	
  
How	
  reliable	
  is	
  carbon	
  market	
  
data	
  from	
  other	
  ci'es?	
  
	
  
Can	
  we	
  share	
  data	
  
transparently	
  between	
  ci'es?	
  7	
  



(1)	
  High	
  resolu'on	
  CO2	
  data	
  set	
  for	
  LA	
  

h[p://hes'a.project.asu.edu	
  
	
  

Hes'a-­‐LA:	
  	
  K.	
  Gurney	
  &	
  R.	
  Patarasuk	
  (ASU),	
  P.	
  Rao	
  (JPL)	
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h[p://hes'a.project.asu.edu	
  
	
  

Hes'a-­‐LA:	
  	
  K.	
  Gurney	
  &	
  R.	
  Patarasuk	
  (ASU),	
  P.	
  Rao	
  (JPL)	
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h[p://hes'a.project.asu.edu	
  
	
  

Hes'a-­‐LA:	
  	
  K.	
  Gurney	
  &	
  R.	
  Patarasuk	
  (ASU),	
  P.	
  Rao	
  (JPL)	
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h[p://hes'a.project.asu.edu	
  
	
  

Hes'a-­‐LA:	
  	
  K.	
  Gurney	
  &	
  R.	
  Patarasuk	
  (ASU),	
  P.	
  Rao	
  (JPL)	
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(2)	
  High-­‐resolu'on	
  atmospheric	
  CO2	
  modeling	
  
(currently	
  4km	
  for	
  SoCal	
  –	
  moving	
  to	
  1km)	
  

Fossil	
  Fuel	
  CO2	
  Emissions	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   Atmospheric	
  CO2	
  concentra6ons	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Measure	
  this	
  Solve	
  for	
  this	
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J.	
  Li	
  &	
  S.	
  Feng	
  (JPL)	
  	
  



(3)	
  Surface	
  measurement	
  network	
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Fossil	
  fuel	
  CO2	
  overlay	
  courtesy	
  T.	
  Oda,	
  CSU/NOAA,	
  ODIAC	
  v3,	
  2010,	
  1km,	
  log	
  scale	
  (green:	
  100,	
  purple	
  >10,000	
  gC/m2/yr)	
  



CO2	
  and	
  CH4	
  vary	
  significantly	
  across	
  SoCal	
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Preliminary,	
  uncalibrated	
  data	
  
	
  

For	
  illustra'on	
  only	
  



(4)	
  Emerging	
  satellite	
  capabili'es	
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OCO-­‐2	
  (2014-­‐2016)	
  GOSAT	
  (2009-­‐?)	
  OCO-­‐3	
  on	
  ISS	
  (2017?)	
  Geosta'onary	
  (20xx?)	
  

Example of different sampling strategies relative to existing megacities (red dots) and projected new megacities by 2025 (blue dots) 

•  Focus	
  on	
  land	
  sinks	
  
•  <	
  1%	
  of	
  point	
  sources	
  

•  Flexible	
  poin'ng	
  
•  All	
  point	
  sources	
  each	
  month	
  

•  All	
  point	
  sources	
  
every	
  day	
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Video	
  segments:	
  Megaci'es	
  Carbon	
  Project	
  (R.	
  Duren,	
  NASA	
  JPL;	
  GSFC	
  SVS	
  lab),	
  GEOCAPE	
  mission	
  (D.	
  Edwards,	
  NCAR),	
  Hes'a	
  Project	
  (K.	
  Gurney,	
  ASU)	
  	
  

(5)	
  Puong	
  it	
  all	
  together	
  
Linking	
  cause	
  &	
  effect	
  for	
  decision	
  making	
  

Combining	
  observa'ons	
  from	
  satellites,	
  aircrap,	
  and	
  surface	
  sta'ons	
  	
  
with	
  transparent	
  emission	
  data	
  sets	
  



Other,	
  related	
  carbon	
  projects	
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18	
  

Duren	
  and	
  Miller,	
  Nature	
  Climate	
  Change,	
  2014,	
  in	
  prep	
  

Concept	
  for	
  na'onal	
  methane	
  monitoring	
  system	
  

	
  500m	
  	
  
250m	
  

LES,	
  	
  courtesy	
  G.	
  Matheou	
  



Quan'fying	
  methane	
  
from	
  space	
  

California	
  Laboratory	
  for	
  Atmospheric	
  
	
  Remote	
  Sensing	
  (CLARS)	
  –	
  Mt	
  Wilson	
  

Persistent	
  CH4	
  enhancements	
  	
  
over	
  LA	
  basin	
  

	
  not	
  yet	
  correlated	
  with	
  specific	
  sources	
  
(Wong,	
  Sander	
  et	
  al,	
  ACP,	
  2014)	
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Mapping	
  methane	
  leaks	
  with	
  aircrap	
  

3"

RMOTC"
Al*tude:"200023000"m"
Resolu*on:"~3.5"m""

2013%RMOTC%Controlled%Release%Experiment%%
Demonstrates%JPL%Airborne%CH4%Measurement%CapabiliBes%
Aubrey%et%al%.,%Thu%A44EG05%1730h%3008%Moscone%West%

G.#Hulley,#S.#Hook#

HyTES"Images"of"CH4"Controlled"Release"Plumes"

Release"X2C"
500"F³/hr"

"

Release"X2N"
1500"F³/hr"

"

Release"X2S"
5000"F³/hr"

"

Hyperspectral	
  Thermal	
  Emission	
  
Spectrometer	
  (HyTES)	
  

Controlled	
  release	
  experiment	
  (RMOTC,	
  June	
  2013)	
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CH4	
  from	
  roof-­‐top	
  sewer	
  vents?	
  
(to	
  be	
  confirmed)	
  

HyTES	
  images	
  
courtesy	
  
Simon	
  Hook,	
  
Glynn	
  Hulley	
  
(JPL)	
  

OperaLonal	
  field	
  test	
  (La	
  Brea	
  Tar	
  Pits,	
  July	
  2014)	
  

-­‐	
  38.00	
  	
  

Picarro	
  HyTES	
  



NASA	
  Mission	
  &	
  instrument	
  data	
  sets	
  
(2011-­‐2021)	
  

More	
  broadly:	
  NASA’s	
  Carbon	
  Monitoring	
  System	
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Research	
  &	
  
Analysis	
  

(Carbon	
  cycle,	
  
Atmo	
  comp)	
  

Applied	
  Science	
  
(Climate,	
  

Agriculture,	
  Air-­‐
quality)	
  

CMS	
  program	
  

37	
  pilot	
  projects	
  
(scales:	
  global,	
  na'onal,	
  state/

province,	
  region,	
  urban)	
  

CMS	
  Data	
  Products	
  

User	
  Community	
  	
  

30+	
  space	
  &	
  airborne	
  missions	
  &	
  instruments	
  relevant	
  
to	
  airl,	
  land	
  &	
  oceans	
  

Enabling	
  technology	
  development	
  program	
  

Data	
  from	
  US	
  &	
  interna'onal	
  partner	
  
agencies	
  

carbon.nasa.gov	
  



Some	
  examples	
  of	
  CMS	
  products	
  

US	
  forest	
  biomass	
  map-­‐	
  250m	
  (source:	
  Sassan	
  Saatchi,	
  JPL)	
   Local	
  scale	
  (30m)	
  biomass	
  map	
  for	
  coun'es	
  in	
  Maryland	
  
(Source:	
  Ralph	
  Dubayah,	
  U.	
  Maryland)	
  

22	
  

Garrett
Cecil

Frederick

Carroll

Charles

Kent

Harford

Dorchester

Allegany

Worcester

Talbot

Montgomery

Washington

Caroline

WicomicoSt. Mary's

Baltimore County

Howard

Somerset

Calvert

Prince George's

Anne Arundel

Queen Anne's

Baltimore City

0 10050
km.

0 42
km

Biomass
(Mg/ha)

>450

300

200

100

50

0

Correc'ons	
  to	
  EDGAR	
  CH4	
  inventory	
  

0	
  

0.5	
  

1	
  

1.5	
  

Livestock	
   Gas/oil	
   Landfills	
   Other	
  

California State  CH4 totals (Tg/yr)  

EDGAR v4.2          1.92 

Wecht inversion    2.86 ± 0.21 

CARB                     1.51 

Santoni inversion 2.37 ± 0.27 

(source:	
  Daniel	
  Jacob,	
  Kevin	
  Wecht,	
  Havard)	
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Thank	
  you	
  
Riley.M.Duren@jpl.nasa.gov	
  

megaci'es.jpl.nasa.gov	
  
carbon.nasa.gov	
  

	
  


