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Outline 
•  Quality	
  in	
  Greenhouse	
  Gas	
  Quan;fica;on	
  
•  Future	
  GHG	
  Quan;fica;on	
  Needs	
  and	
  
Measurement	
  Challenges	
  

•  Future	
  Observing	
  Capabili;es	
  
•  Interna;onal	
  Testbeds	
  
–  Facilita;on	
  Opportuni;es	
  via	
  the	
  Metré	
  Conven;on	
  
–  A	
  Framework	
  Proposal	
  
–  Efforts	
  to	
  Move	
  Toward	
  a	
  Testbed	
  Framework	
  



Recognition of Measurement Results 
Desired Quality of Greenhouse Gas Inventory Data 

•  Quan;fica;on	
  Suppor;ng	
  Market	
  /	
  Regulatory	
  Func;ons	
  
–  Best	
  Case: 	
  Material	
  quan;;es	
  &	
  their	
  varia)on	
  are	
  known	
  and	
  agreed	
  	
  

	
  &	
  not	
  a	
  point	
  of	
  conten;on	
  
•  Interna;onal	
  Trade	
  as	
  Paradigm	
  
– Quan;fica;on	
  technologies	
  commonly	
  	
  
used	
  &	
  accepted	
  in	
  trade	
  are	
  well	
  established	
  
&	
  rou;nely	
  unques;oned	
  

– Mass	
  and	
  Volume	
  measurement	
  have	
  been	
  a	
  	
  
staple	
  in	
  trade	
  for	
  millennia	
  

–  Confidence	
  in	
  the	
  material	
  quan;;es	
  
in	
  commercial	
  transac;ons	
  is	
  	
  
founda;onal	
  to	
  harmony	
  in	
  commerce	
  
and	
  equity	
  in	
  regula;on	
  

Acceptable Level of Variation ?? 

Desired GHG Quantification to Implement 
Trade or Regulation Approaches 

 CO2e ton Emitted  ≅ CO2e ton Removed 
 CO2e ton (urban)  ≅ CO2e  ton (biogenic) 



Future Greenhouse Gas Measurements 
Accuracy Needs 

U.S.	
  Reduc;on	
  Targets	
  
•  Inventory	
  data	
  are	
  performance	
  metrics	
  for	
  na;onal	
  and	
  interna;onal	
  reduc;on	
  efforts	
  
•  Pres.	
  Obama’s	
  Climate	
  Ac;on	
  Plan: 	
  17	
  %	
  rela;ve	
  to	
  2005	
  by	
  2020	
  
•  EPA	
  carbon	
  rule	
  (Electrical	
  Gen.): 	
  ~30	
  %	
  rela;ve	
  to	
  2012	
  by	
  2030	
  

Gauging	
  Progress	
  /	
  Target	
  Achievement	
  
•  Accuracy	
  requirements	
  at	
  the	
  1%	
  -­‐	
  5%	
  Level	
  
•  Based	
  on	
  interna;onally-­‐recognized	
  measurement	
  methodologies	
  
Greenhouse	
  Gas	
  Inventory	
  Data	
  Needs	
  Assessment	
  
•  Confidence	
  reduc;on	
  target	
  achievement	
  and	
  progress	
  monitoring	
  is	
  enhanced	
  by	
  
increased	
  quan;fica;on	
  reliability	
  and	
  accuracy	
  
•  Advances	
  in	
  a	
  range	
  of	
  measurement	
  capabili;es	
  are	
  needed	
  to	
  assess	
  progress	
  toward	
  
and	
  a3ainment	
  of	
  reduc;on	
  targets	
  
•  Both	
  boeom-­‐up	
  and	
  top-­‐down	
  	
  

Ac;onable	
  Informa;on	
  
•  Aeribu;on	
  (Iden;ty)	
  of	
  emieer/absorbers	
  support	
  both	
  regulatory	
  and	
  market	
  needs	
  
•  Requires	
  measurement	
  capabili;es	
  at	
  rela;vely	
  small	
  geospa;al	
  scales	
  



Future Observing & Measurement Capabilities 
OCO 3 – International Space Station 

Broadly	
  Mapping	
  of	
  a	
  City's	
  CO2	
  Footprint	
  
•  A	
  space-­‐based	
  instrument	
  designed	
  to	
  inves;gate	
  important	
  ques;ons	
  
about	
  CO2	
  distribu;on	
  on	
  Earth	
  applicable	
  to	
  growing	
  urban	
  popula;ons	
  and	
  
changing	
  paeerns	
  of	
  fossil	
  fuel	
  use	
  
•  Future	
  deployment	
  on	
  the	
  	
  
Interna;onal	
  Space	
  Sta;on	
  	
  
(launch	
  status:	
  TBD).	
  	
  
•  Con;nue	
  the	
  OCO-­‐2	
  CO2	
  data	
  record	
  	
  
for	
  carbon	
  cycle	
  science	
  with	
  an	
  	
  
addi;onal	
  capability	
  enabled	
  by	
  a	
  
more	
  flexible	
  poin;ng	
  system:	
  	
  
Regular	
  sampling	
  of	
  more	
  world	
  ci;es	
  	
  
and	
  power	
  plants	
  (over	
  80%	
  of	
  	
  
fossil-­‐fuel	
  CO2	
  emission	
  sources	
  	
  
monthly)	
  than	
  available	
  with	
  OCO-­‐2.	
  
•  ~4,000	
  –	
  	
  1	
  x	
  3	
  km	
  footprints	
  per	
  
sampling	
  pass	
  

Video	
  Credit:	
  	
  Graphics	
  courtesy:	
  Henry	
  Kline,	
  Sha	
  Feng,	
  Zhijin	
  Li,	
  Annmarie	
  Eldering,	
  and	
  John	
  Howard	
  (JPL).	
  



International GHG Measurements Framework 
 Engaging the Metrology & Climate Communities 

Concept:	
  
•  An	
  Interna;onal	
  Greenhouse	
  Gas	
  	
  
Measurements	
  Test	
  Bed	
  Framework	
  
that:	
  
–  Enables	
  joint	
  development	
  of	
  advanced	
  	
  
measurement	
  	
  capabili;es	
  for	
  urban	
  and	
  regional	
  GHG	
  domes	
  and	
  their	
  dynamics,	
  

–  Establishes	
  scien;fic	
  validity	
  and	
  performance	
  capabili;es	
  of	
  advanced	
  
measurement	
  methodologies	
  and	
  instruments,	
  

–  Provides	
  a	
  focus	
  for	
  mul;-­‐organiza;on	
  efforts	
  with	
  loca;ons	
  and	
  organiza;on	
  on	
  
all	
  con;nents	
  but	
  Antarc;ca,	
  	
  

–  Facilitates	
  open,	
  interna;onally-­‐recognized	
  measurement	
  methodology	
  
development	
  and	
  evalua;on	
  with	
  open	
  data	
  exchange	
  and	
  u;liza;on	
  across	
  
na;onal	
  borders,	
  and	
  

–  Strengthens	
  methods	
  to	
  correlate	
  and	
  calibrate	
  satellite	
  instrument	
  observa;ons	
  
on-­‐orbit	
  with	
  those	
  made	
  on	
  the	
  surface	
  as	
  a	
  means	
  to	
  advance	
  accuracy	
  and	
  
establish	
  SI	
  traceability	
  

International 
Greenhouse Gas 
Measurements 

Test Bed 
Framework 

Concept 



International GHG Measurements Framework 
 Engaging the Metrology & Climate Communities 

Approach:	
  
•  Focus	
  on	
  Megaci;es	
  as	
  test	
  bed	
  sites	
  

–  Cover	
  6	
  of	
  the	
  7	
  con;nents	
  
•  Engage	
  with	
  na;ons	
  /	
  regions	
  having:	
  
–  Suitably	
  located	
  megaci;es	
  
–  The	
  scien;fic	
  and	
  technological	
  capabili;es	
  needed,	
  and	
  	
  
–  The	
  necessary	
  na;onal	
  interest	
  and	
  will	
  to	
  commit	
  the	
  required	
  resources	
  
•  Use	
  exis;ng	
  structures	
  available	
  within	
  the	
  Mètre	
  Conven;on	
  
–  Opera;onal,	
  interna;onally-­‐recognized	
  treaty	
  organiza;on	
  with	
  	
  well-­‐
demonstrated	
  working	
  rela;onships	
  and	
  organiza;onal	
  structures	
  

–  Facilitates	
  communica;on	
  &	
  dialog	
  
–  Broaden	
  interna;onal	
  linkages	
  –	
  WMO,	
  interna;onal	
  climate	
  change/
science	
  communi;es	
  

Status:	
  
•  Projects	
  underway	
  Paris	
  and	
  the	
  U.S.;	
  Planned	
  in	
  Brazil	
  
	
  

International 
Greenhouse Gas 
Measurements 

Test Bed 
Framework 

Concept 



Developing Tools & Test Beds for Diagnosing 
Inventory Accuracy for U. S. Urban GHG Domes 
 Assessing Performance of Greenhouse Gas 
 Measurement Tools at Urban Scales 
The	
  Indianapolis	
  Flux	
  Experiment	
  (INFLUX)	
  
•  A	
  Top-­‐Down/Bo3om-­‐Up	
  Greenhouse	
  Gas	
  Quan)fica)on	
  Experiment	
  	
  

in	
  the	
  City	
  of	
  Indianapolis,	
  Indiana	
  

The	
  LA	
  Megacity	
  Carbon	
  Project	
  
•  Es)ma)ng	
  the	
  Emissions	
  Trends	
  in	
  a	
  Megacity	
  Having	
  	
  

Complex	
  Topography	
  &	
  Meteorology	
  
The	
  Northeast	
  Corridor	
  Project	
  
•  The	
  Largest	
  U.S.	
  Megacity	
  
•  A	
  Test	
  Bed	
  Having	
  Moderately	
  Complex	
  Topography	
  &	
  Meteorology	
  
•  Ini)a)on	
  of	
  The	
  Effort	
  Began	
  in	
  Mid-­‐FY	
  14.	
  

	
  

A	
  U.S.	
  Step	
  Towards	
  an	
  Interna;onal	
  Urban	
  Greenhouse	
  Gas	
  Measurements	
  
Testbed	
  Framework	
  Useful	
  for	
  Measuring	
  Instrument	
  Calibra;on	
  	
  &	
  

Performance	
  Assessment	
  –	
  Satellite	
  and	
  Surface-­‐Based	
  



International Recognition of Measurement Results 
Enhancing Quality of GHG Inventory Data 

•  Quan;fica;on	
  Suppor;ng	
  Market	
  /	
  Regulatory	
  Func;ons	
  
–  Best	
  Case: 	
  Material	
  quan;;es	
  &	
  their	
  varia)on	
  are	
  known	
  and	
  agreed	
  	
  

	
  &	
  not	
  a	
  point	
  of	
  conten;on	
  
•  A	
  Measurements	
  Framework	
  Suppor;ng	
  Economic	
  Systems	
  	
  
The	
  Metré	
  Conven;on	
  (1875)	
  
–  Governance	
  Orgs.:	
   	
  General	
  Conference	
  on	
  Weights	
  and	
  Measures	
  &	
  

	
  Interna;onal	
  Commieee	
  on	
  Weights	
  and	
  Measures	
  (CIPM)	
  
–  Implemen;ng	
  Org.: 	
  Interna;onal	
  Bureau	
  of	
  Weights	
  and	
  Measures	
  	
  
–  Ac;vity	
  Focus: 	
  Ensure	
  comparability	
  and	
  recogni;on	
  of	
  na;onal	
  

	
  measurement	
  standards,	
  	
  
	
  hence	
  measurement	
  results	
  across	
  borders	
  &	
  ;me	
  

–  Framework: 	
  The	
  CIPM	
  Mutual	
  Recogni;on	
  Arrangement	
  
	
  (hep://www.bipm.org/en/cipm-­‐mra/	
  )	
  

– Member	
  State	
  Rep: 	
  Na;onal	
  Metrology	
  Ins;tu;ons	
  

•  NIST: 	
  U.S.	
  Na;onal	
  Metrology	
  Ins;tute	
  
	
  Responsibili;es	
  for	
  accurate	
  quan;fica;on	
  &	
  quality	
  measures	
  and	
  	
  
	
  their	
  suppor;ng	
  methods	
  &	
  standards	
  



Within and Between Community 
Agreements and Outreach 

Metré	
  Conven;on	
  &	
  CIPM	
  Mutual	
  Recogni;on	
  Arrangement	
  
•  53	
  member	
  states	
  &	
  41	
  States	
  Associated	
  with	
  the	
  CGPM	
  
•  Interna;onal	
  Organiza;ons	
  
–  World	
  Meteorological	
  Org.,	
  European	
  Space	
  Agency,	
  	
  Inst.	
  For	
  Ref.	
  Materials	
  &	
  
Measurements,	
  Interna;onal	
  Atomic	
  Energy	
  Agency	
  

Joint	
  Mee;ngs	
  /	
  Workshops	
  
•  WMO-­‐BIPM	
  Workshop	
  on	
  Measurement	
  Challenges	
  for	
  Global	
  
Observa;on	
  Systems	
  for	
  Climate	
  Change	
  Monitoring:	
  Traceability,	
  
Stability	
  and	
  Uncertainty	
  –	
  April	
  2010	
  

•  Workshop	
  Series	
  in	
  the	
  Americas	
  
–  Organiza;on	
  of	
  American	
  States/U.S.	
  Mission	
  to	
  the	
  OAS/NIST	
  :	
  	
  

Metrology	
  and	
  Technology	
  Challenges	
  of	
  	
  Climate	
  Science	
  and	
  Renewable	
  Energy	
  
Central	
  Am.	
  South	
  Am.,	
  and	
  Andean	
  Countries	
  regional	
  workshops	
  –	
  2014;	
  	
  
Caribbean	
  Region	
  2015	
  

•  U.S.-­‐China	
  Bilateral	
  workshops	
  on	
  Metrology	
  Challenges	
  in	
  Climate	
  
Science	
  –	
  2011	
  thru	
  2014	
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