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Tansley insights:

Terrestrial LiDAR: a three-dimensional revolution in how we look at 
trees

Disney, Mathias

Tracking seasonal rhythms of plants in diverse ecosystems with 
digital camera imagery

Richardson, Andrew

Improving plant allometry by fusing forest models and remote 
sensing

Chave, Jerome

Macro to Micro: Microwave Remote Sensing of Plant Water Content 
for Physiology and Ecology

Konings, Alexandra

On the role of long-term satellite observations in constraining the 
vegetation CO2 fertilization effect

Smith, William

Research review:
Sun-induced chlorophyll fluorescence and its importance for 
modeling photosynthesis from the side of light reactions

Gu, Lianhong

Other papers in the Special Issue on Remote Sensing



JPL’s Carbon Initiative

• Began 2012
• Funded 2012-2017 (5 years of a three-year program)
• Goals:
• Ensure scientific leadership and success for JPL’s carbon and climate program
• Establish JPL as a US and NASA Center of Excellence for Carbon Science
• Exploit OCO-2 and SMAP, prepare for OCO-3, NISAR, GEDI, ECOSTRESS…
• Develop new mission concepts
• Explore plant canopy structure and function, functional diversity as an earth 

system property



JPL’s Carbon Initiative

• Results!
• OCO-3, ECOSTRESS, CARBO, SBG…
• Science Special Issue
• ~40 publications
• Synergism with CARVE, ABoVE

• Jeong et al, time scales applied to change
• Key synthesis and concept papers

• Stavros et al
• Schimel, Asner and Moorecroft
• Schimel et al GCB
• Schimel et al pNAS
• Schimel et al (Tansley)
• Fisher et al (review)
• Long VOD time series
• 8 postdocs
• Your many great papers

• C&E group
• New hires (5)



Methodology

• Fund synergism between existing projects and missions
• Create “mini-science teams”
• Workshops
• Synthesis and concept papers
• Specific science priorities selected by steering committee, mostly 

junior (well, they were then) scientists and postdocs…



“Bring me a peer reviewed paper and we’ll fund a program”
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Pretzels, Sloth Bears, Diver Downs and Lat Plots

New visualizations for new data…



The sloth bear: how feedbacks affect the global carbon budget



Diver Down: Merging inverse and forward estimates with data 
constraint

mds b]qanm rsnq]fd- Lncdkr sg]s fdmdq]sd ] sqnohb]k�rntsgdqm =0
Of B>x�0 rhmj ]qd mns e]krhehdc ax nardqudc hm rhst ektwdr-
Sgd qdrtksr rgnvm hm Ehf- 2 bnlahmd drshl]sdr nudq u]qxhmf

shld odqhncr9 S2I1 eqnl 0881 sn 0885) PDBB;O eqnl 1..0 sn
1..3) SPDMCW eqnl 088. sn 1..6) O]m ds ]k- %24( eqnl 088. sn
1..6) ]mc FBO eqnl 0881 sn 1..3- Hmsdq]mmt]k u]qh]shnmr hm
sdqqdrsqh]k b]qanm tos]jd ]qd jmnvm sn ad k]qfd- Sgd 4,x ]mc 3,x
odqhncr qdoqdrdmsdc ax S2I1 ]mc PDBB;O ]qd khjdkx sn ]udq]fd
nudq ltbg ne sghr u]qh]ahkhsx) ats sn ]ccqdrr bnmbdqmr ]ants hm,
sdq]mmt]k u]qh]ahkhsx) vd g]ud trdc sgd SPDMCW ntsots ]mc
FBO qdrtksr) vghbg ]qd ansg ]u]hk]akd nm ]m ]mmt]k a]rhr) sn
dw]lhmd bnlo]qhrnmr nm shld odqhncr l]sbgdc sn dhsgdq ne sgd
O]m ds ]k- %24( cdb]c]k drshl]sdr nq sgd rgnqsdq S2I1 nq PDBB;O
odqhncr- ;r rgnvm hm Ehf- R0) ]kk ne sgdrd ehmdq shld odqhncr rto,
onqs sgd bnmbktrhnmr eqnl Ehf- 2 sg]s ] rhfmhehb]ms BN1 deedbs hr
mddcdc sn aqhmf sgd SPDMCW ]mc O]m ektwdr hmsn ]fqddldms
vhsg ] u]khc]sdc rtards ne ]slnrogdqhb hmudqrhnmr ]mc sgd fkna]k
b]qanm atcfds bnmrsq]hmsr-
Uhsghm sgd q]mfd ne dws]ms ]slnrogdqhb hmudqrhnmr) ] rta,

rds ]kknv ] rhfmhehb]ms BN1 deedbs) ]mc sghr hr ] rhlokd dwok]m]shnm
enq sgd atkj ne mnm]slnrogdqhb hmenql]shnm- Sghr rds ne qdrtksr
bnmudqfd sn adssdq cdehmd sgd sqnohb]k b]qanm atcfds) ]mc ]krn

oqnuhcd hmbqd]rhmf rtoonqs enq sgd BN1 deedbs) rgnvhmf sg]s %e(
drshl]sdr ne sgd BN1 deedbs ’ehs– vhsghm sgd FBO b]qanm l]rr
a]k]mbd ]kknvhmf sgd deedbs sn ad hmbktcdc hm ] bnmrhrsdms fkna]k
b]qanm atcfds: %ee( sgd drshl]sdc l]fmhstcd ne sgd BN1 deedbs hr
bnmrhrsdms vhsg ] udssdc rtards ne ]slnrogdqhb hmudqrd lncdkr:
%eee( sgd l]fmhstcd ne sgd BN1 deedbs hr ]krn bnmrhrsdms vhsg hm
rhst drshl]sdc tos]jd hm hms]bs enqdrsr) ]mc vhsg nardqudc knmf,
sdql bg]mfdr sn oqnctbshuhsx: %et( rhltk]shnm qdrtksr nlhsshmf
BN1 deedbsr lnrskx khd ntsrhcd sgd l]rr a]k]mbd bnmrsq]hms ats
bnmudqfd vhsghm vgdm sgd deedbs hr hmbktcdc: ]mc %t( sgd shld
ghrsnqx ne sgd qdrhct]k sdqqdrsqh]k rhmj hr rtffdrshud ne ] rhfmhehb]ms
BN1 deedbs-
;r Ehf- 2 rgnvr) ]slnrogdqhb hmudqrhnmr bnmrsq]hmdc ax ]hq,

anqmd c]s]) anssnl,to hmudmsnqhdr) ]mc oqnfmnrshb lncdkr ]qd
aqn]ckx bnmrhrsdms hm sdqlr ne sgdhq mds k]mc rhmjr ]mc k]shstchm]k
o]qshshnmhmf- Hs hr mns onrrhakd sn qhfnqntrkx ldqfd sgdrd ektw
drshl]sdr) adb]trd ne sgd cheedqdms shld odqhncr bnudqdc ]mc
cheedqdms oqnbdrrdr bnmrhcdqdc) ats vd qdonqs ntq adrs drshl]sd
enq sgd 088.“1..6 ]udq]fd fkna]k sdqqdrsqh]k b]qanm bxbkd hm S],
akd 0- Ehqrs) sgd FBO %16( drshl]sdr ne sgd fkna]k enrrhk etdk
rntqbd) ]slnrogdqhb fqnvsg q]sd) ]mc nbd]mhb rhmj nudq sghr od,
qhnc snfdsgdq qdpthqd ] mds sdqqdrsqh]k rhmj ne �0-0 · .-5 Of B>x�0-

Ehf- 2- Bnlo]qhrnm ne hmcdodmcdms b]qanm ektw drshl]sdr- @slnrogdqhb hmudqrd qdrtksr eqnl sgd S2K1 ]mc QDBB@O hmsdqbnlo]qhrnm dwodqhldmsr rgnv sg]s
]bqnrr lncdkr* mnqsgdqm dwsq]sqnohb]k ]mc sqnohb]k�rntsgdqm ektwdr ]qd ]mshbnqqdk]sdc �rhmbd sgd lncdkr ]qd ]krn bnmrsq]hmdc ax sgd ]slnrogdqhb fqnvsg q]sd
]mc shfgs enrrhk etdk ]mc nbd]m ektw drshl]sdr(- Sgd khfgs fq]x qdfhnm rgnvr sgd bnqqdronmchmf bnmrsq]hmsr eqnl FBO enq 0881’1//3* vhsg sgd toodq dcfd
bnqqdronmchmf sn sgd FBO drshl]sd enq sgd QDBB@O odqhnc �1//0�1//3(* �/-8 Of B>x�0 tmbdqs]hmsx* ]mc sgd knvdq dcfd bnqqdronmchmf sn sgd FBO drshl]sd enq
sgd S2K1 odqhnc �0881�0885(* �/-8 Of B>x�0 tmbdqs]hmsx- @ksgntfg FBO rgnvr ] knmf,sdql hmbqd]rhmf sdqqdrsqh]k rhmj �Ehf- 1(* rgnqsdq,sdql ektbst]shnmr qdrtks hm
sgd ]udq]fd rhmj enq 0881’0885 adhmf k]qfdq sg]m enq 1//0’1//3 �16(- Sgd toodq qdc bhqbkd rgnvr sgd ld]m ]mc RC ne sgd S2K1 qdrtksr ]r qdonqsdc ax Ftqmdx
ds ]k- �05(* vghkd sgd knvdq rgnvr sgd ld]m ]mc RC ne sgd sgqdd lncdkr rdkdbsdc ax sgd ]cchshnm]k udqshb]k fq]chdms bnmrsq]hms hm Rsdogdmr ds ]k- �1/(- Sgd fqddm
dkkhord rgnvr sgd drshl]sdr ]mc tmbdqs]hmsx q]mfdr eqnl sgd O]m ds ]k- �24( fkna]k enqdrs hmudmsnqx,a]rdc rstcx enq sgd odqhnc 088/’1//6- Sgd tov]qc ak]bj
udbsnq rgnvr sgd fqnrr cdenqdrs]shnm ektw eqnl O]m ds ]k- �24(* qdctbdc* ehqrs* ax qdfqnvsg �toodq cnvmv]qc udbsnq( ]mc sgdm ax ektwdr hm hms]bs enqdrsr �knvdq
cnvmv]qc udbsnq* onsdmsh]kkx BN1 deedbs ektwdr(- O]m ds ]k- �24( cn mns o]qshshnm mnqsgdqm k]mc bnlonmdmsr ats drshl]sd ] mds ektw sgdqd ne �0-0 Of B>x�0*
vghbg hr hmchb]sdc ax sgd gnqhynms]k ak]bj udbsnq- Sgd udqshb]k udbsnqr g]ud addm roqd]c rkhfgskx enq bk]qhsx- Sgd rnkhc aktd sqh]mfkdr rgnv oqnbdrr lncdk
drshl]sdr enq sgd odqhnc 088/’1//6 �SQDMCX9 rdd RG Sdws( hmbktchmf sgd rhltk]sdc BN1 deedbs* bkhl]sd deedbs* ]mc k]mc trd ektwdr- Sgd nodm aktd sqh]mfkdr rgnv
sgd r]ld lncdkr dwbktchmf sgd BN1 deedbs ektw- Aktd dkkhordr rgnv ldch]m ]mc tmbdqs]hmsx vhsg ]mc vhsgnts sgd BN1 deedbs* ]mc sgd ch]fnm]k udbsnq rgnvr
sgd ]cchshnm]k hlo]bs ne hmbktchmf BN1 deedbsr S2K1* QDBB@O* ]mc SQDMCX qdrtksr ]qd ]kk oqdrdmsdc gdqd o]qshshnmdc ax sgd Sq]mrBnl.QDBB@O qdfhnmr �rdd RG Sdws(-

Rbghldk ds ]k- OM@R z IWmtWqx 02% 1.04 z unk- 001 z mn- 1 z 328
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Schimel D, Stephens BB, 
Fisher JB. Effect of 
increasing CO2 on the 
terrestrial carbon cycle. 
Proceedings of the 
National Academy of 
Sciences. 2015 Jan 
13;112(2):436-41.



ISS Suite Initiative
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Stavros EN, Schimel D, Pavlick R, 
Serbin S, Swann A, Duncanson
L, Fisher JB, Fassnacht F, Ustin S, 
Dubayah R, Schweiger A. ISS 
observations offer insights into 
plant function. Nat. Ecol. Evol. 
2017 Jun 22;1:0194.



Global sampling: space versus in situ
“The two poles of the carbon cycle”



Residence time:
Model 
development and 
application to 
Arctic

shld+ rhmbd khud ahnl]rr qdrhcdmbd shldr ]qd qntfgkx ]m nqcdq ne l]fmh,
stcd knvdq sg]m sgnrd ne cd]c nqf]mhb b]qanm l]ssdq %20(-
Ntq ]m]kxrhr ]krn hmchb]sdr ] 43� oqna]ahkhsx sg]s rnhk %gdsdqnsqn,

oghb( qdrohq]shnm hr lnqd sdlodq]stqd,rdmrhshud sg]m mds b]qanm tos]jd
%ehf- R2(+ qdrnkuhmf ] jdx tmbdqs]hmsx hm sgd qdronmrd ne>qbshb dbnrxrsdlr
sn bkhl]sd bg]mfd- Sgd dmg]mbdc qdronmrd ne rnhk cdbnlonrhshnm ]mc
qdrohq]shnm sn v]qlhmf ]mc cddodmhmf ne sgd rnhk ]bshud k]xdq hlokhdr
mds dbnrxrsdlb]qanm knrr tmcdq dkdu]sdc sdlodq]stqdr hm sgd 10rs bdmstqx-
Sn f]hm bnmehcdmbd hm sgd rdmrhshuhsx ne b]qanm qdrohq]shnm ]mc tos]jd sn
bkhl]shb u]qh]ahkhsx+ sgd deedbsr ne odql]eqnrs lnahkhy]shnm ]mc oqhlhmf
%21(+ ahnl]rr ]bbtltk]shnm+ ]mc rtardptdms rghesr hm khud ahnl]rr hm,
otsr hmsn cd]c nqf]mhb b]qanm onnkr mddc sn ad dwoknqdc etqsgdq: gnv,
dudq+ sgdrd oqnbdrrdr vhkk khjdkx bnmsqhatsd sn ] rtrs]hmdc nq hmbqd]rhmf
etstqd mds b]qanm knrr eqnl >qbshb dbnrxrsdlr- Rnhk lnhrstqd ]mc oqd,
bhohs]shnm sqdmcr vhkk khjdkx hmektdmbd sgd q]sd ne odql]eqnrs cdfq]c]shnm+
cdbnlonrhshnm q]sdr+ ]mc sgd BN19BG3 ne gdsdqnsqnoghb]kkx qdrohqdc
b]qanm %22(: sgdrd b]qanm,v]sdq qdk]shnmrghor qdl]hm tmbdqs]hm ]mc
ghfgkhfgs sgd mddc enq ]m hloqnudc tmcdqrs]mchmf ne sgd hmsdfq]sdc
knmf,sdql b]qanm cxm]lhbr ]mc b]qanm a]k]mbd rdmrhshuhsx sn gxcqnknf,
hb]k u]qh]ahkhsx hm sgd >qbshb rxrsdl %0(-
Nardqu]shnm]kkx bnmrsq]hmdc b]qanm qdrhcdmbd shld drshl]sdr b]m

gdko m]qqnv tmbdqs]hmshdr ne b]qanm bxbkd oqdchbshnmr %23( ]mc hl,
oqnud tmcdqrs]mchmf ne >qbshb b]qanm,bkhl]sd eddca]bjr- >arnktsd
BN1 ektw bnmrsq]hmsr a]rdc nm o]rs ]mc btqqdms BN1 nardqu]shnm rxr,
sdlr vhkk tkshl]sdkx gdko qdrnkud sgd oqnbdrrdr bnmsqnkkhmf knmf,sdql
u]qh]shnmr hm sdqqdrsqh]k b]qanm dwbg]mfdr- Vd ]mshbho]sd sg]s qdfhnm,
]k sno,cnvm bnmrsq]hmsr nm dbnrxrsdl b]qanm bxbkhmf”hmbktchmf ]s,
lnrogdqhb BN1 ektw bnmrsq]hmsr %24(+ rtbg ]r r]sdkkhsd+ ]hqanqmd+ ]mc
snvdq rnk]q,hmctbdc ektnqdrbdmbd %25+ 26(+ ]mc k]mc,rtqe]bd c]s] bnm,
rsq]hmsr %14(”vhkk snfdsgdq oqnuhcd ]m dmg]mbdc oqnbdrr tmcdqrs]mc,
hmf ne >qbshb sdqqdrsqh]k b]qanm bxbkhmf rdmrhshuhsx ]mc utkmdq]ahkhsx sn
knmf,sdql bkhl]sd sqdmcr-

L:SDPH:JR :MC LDSGNCR
PdfhnmZk kZmc Zssphatshnmr ne nardpudc BN1
ZmnlZkhdr ��BN1(
Vd trdc g]ke,gntqkx BN1 bnmbdmsq]shnm ld]rtqdldmsr ]s A]qqnv+
>k]rj]+ eqnl sgd M]shnm]k Nbd]mhb ]mc >slnrogdqhb >clhmhrsq]shnm
%MN>>( D]qsg Rxrsdl Pdrd]qbg J]anq]snqx ]qbghud enq sgd odqhnc

0863“1/04 %27(- Vd chrbqhlhm]sdc adsvddm knb]k BN1 %BN1
knb]k( ]mc

a]bjfqntmc BN1 bnmbdmsq]shnmr %BN1
a]bjfqntmc( a]rdc nm vhmc chqdb,

shnm+ vhmc roddc+ ]mc shld ne c]x %03+ 04(- Rvddmdx ap Te- %04( ]ookhdc
sgd ldsgnc sn rdo]q]sd k]mc rntqbdr ne BG3 eqnl sgd bkd]m ]hq rdbsnq-
Bnll]md ap Te- %03( udqhehdc sghr ldsgnc sn drshl]sd k]mc rntqbdr ne
nardqudc BN1 ]s A]qqnv ax trhmf sgd Gxaqhc Rhmfkd,O]qshbkd J]fq]mfh]m
Hmsdfq]sdc Sq]idbsnqx Lncdk cqhudm ax ldsdnqnknfhb]k c]s] eqnl
MN>>- Jnb]kkx hmektdmbdc BN1 bnmbdmsq]shnmr %BN1

knb]k( vdqd cdqhudc
nm sgd a]rhr ne 019// o-l- sn 39// o-l- g]ke,gntqkx BN1 ld]rtqdldmsr
vgdqd vhmc roddc dwbddcdc 2 l.r ]mc vhmc chqdbshnm v]r adsvddm
04/± ]mc 10/±- A]bjfqntmc BN1 bnmbdmsq]shnmr %BN1

a]bjfqntmc( vdqd
cdqhudc nm sgd a]rhr ne 019// o-l- sn 39// o-l- g]ke,gntqkx BN1 ld],
rtqdldmsr vgdqd vhmc roddc dwbddcdc 2 l.r ]mc vhmc chqdbshnm v]r
adsvddm /± ]mc 8/±- Ehm]kkx+ vd cdehmdc knb]k ]ssqhatshnmr ne BN1
bg]mfdr ]r �BN1 < BN1

knb]k � BN1a]bjfqntmc- Lnqd cds]hkr hm sghr
ldsgnc ]qd cdrbqhadc hm Bnll]md ap Te- %03( ]mc Rvddmdx ap Te- %04(-
Vd rdkdbsdc c]s] eqnl 019// o-l- sn 39// o-l- ctqhmf sgd c]x ad,

b]trd antmc]qx k]xdq gdhfgs hr sgd ghfgdrs ctqhmf sghr shld- > ghfgdq
antmc]qx k]xdq dwo]mcr sgd rtqe]bd ]qd] ne hmektdmbd rhfmhehb]mskx+ qd,
rtkshmf hm ] k]qfdq unktld ne ]hq sg]s hr lhwdc eqnl sgd rtqe]bd sn sgd
sno ne sgd antmc]qx k]xdq- Sgtr+ ]hq sg]s l]x g]ud addm ]s sgd rtqe]bd
] c]x ]fn ats g]r drb]odc sgd mhfgsshld antmc]qx k]xdq b]m ad qdhm,
bnqonq]sdc ctqhmf sghr shld ne sgd c]x- >r sgd antmc]qx k]xdq rsq]shehdr
ctqhmf nsgdq shldr ne sgd c]x+ sgd ]qd] ne hmektdmbd hr rhfmhehb]mskx qd,
ctbdc+ l]jhmf sgd bg]mfd eqnl a]bjfqntmc lnqd knb]k- Hs rgntkc ]krn
ad mnsdc sg]s+ adb]trd antmc]qx k]xdq hr ghfgdq adsvddm 019// o-l-
]mc 39// o-l- sg]m ]mx nsgdq shld ne sgd c]x+ hs vhkk ]krn ad lnqd
chktsdc ax sgd nudqkxhmf eqdd sqnonrogdqhb ]hq sg]s rhsr nudq sgd antmc,
]qx k]xdq-
C]hkx ld]rtqdldmsr rgnv ] lhw ne mdf]shud ]mc onrhshud ]mnl]khdr

%�BN1( nudq sgd ehqrs ]mc k]rs cdb]cdr ne ntq rstcx %0863“0872 ]mc
1//5“1/04+ qdrodbshudkx: Ehf- 0(- Gnvdudq+ nm ]udq]fd+ lnmsgkx �BN1
]qd oqdcnlhm]mskx onrhshud nudq sgd bntqrd ne sgd xd]q- Sghr o]ssdqm hr
l]hmkx ctd sn sgd khlhsdc ctq]shnm ne sgd cq]vcnvm odqhnc ]mc u]qh],
ahkhsx ne sg]s odqhnc eqnl xd]q sn xd]q+ l]jhmf sgdlnmsgkx ]udq]fd onr,
hshud cdrohsd l]mx mdf]shud c]hkx nardqu]shnmr- Hs ]krn rgntkc ad mnsdc
sg]s sgd cdk]xdc fqnvhmf rd]rnm cq]vcnvm hm stmcq] %rtlldq( qdk]shud
sn rntsgdqm anqd]k ]mc sdlodq]sd enqdrsr %roqhmf( vhkk qdrtks hm o]m,
>qbshb ’a]bjfqntmc–BN1 rhfmhehb]mskx cdokdsdc qdk]shud sn sg]s nardqudc
]s A]qqnv %04+ 07(-

Ehf- 1- Pdsphdudc bgZmfdr hm bZpanm pdrhcdmbd shld aZrdc nm sgd cheedpdmbd adsvddm 0868�0877 Zmc 1..3�1.02 0.,wdZp odphncr- Sgd udqshb]k qdc khmd hmchb]sdr
sgd ]udq]fd ne qdsqhdudc bg]mfdr hm b]qanm qdrhcdmbd shld- Sgd aktd khmd hmchb]sdr ld]m &rnkhc khmd( ]mc q]mfd &rg]chmf( hm sgd dpthu]kdms qdrhcdmbd shld bg]mfd
drshl]sdr eqnl sgd LrSLHO lncdk dmrdlakd-

R B H DMBD @CU@MBDR z Q D R D@QBG @QS H B K D

Idnmf ds Ui-* Rbh) 4cu) 1/07:3 9 d]]n0056 00 Itkx 1/07 2 ne 5
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Fire and the Carbon Cycle: airborne studies

@bbnqchmf sn sgd atqm rdudqhsx l]o cdudknodc ax sgd T-R- Enqdrs Rdquhbd Q]ohc @rrdrrldms ne Udfds]shnm
Bnmchshnm ]esdq Vhkc�qd oqnbdrrhmf rxrsdl ZLhkkdp Zmc PtZxkd+ 1/04[+ sgd ]qd] dwodqhdmbdc cheedqdms kdudkr
ne atqm rdudqhsx+ vhsg 24-7� hm ghfg atqm rdudqhsx+ 14-3� hm lncdq]sd rdudqhsx+ 2/-8� hm knv rdudqhsx+ ]mc
6-8� qdl]hmdc tmatqmdc-

1-1- CUsU Rdsr
1-1-0- Pdedpdmbd :anudfpntmc AhnlUrr CUsU Rdsr
@r o]qs ne sgd rstcx+ 60 bhqbtk]q oknsr ne /-/8 g] %dpthu]kdms sn sgd K]mcr]s ohwdk qdrnktshnm( vdqd bnkkdbsdc
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Flights arranged with NSF and JPL assets 
to characterize forest structure and 
biomass over California “megafires”

Garcia M, Saatchi S, Casas A, Koltunov
A, Ustin S, Ramirez C, 
Garcia-Gutierrez J, Balzter H. 
Quantifying biomass consumption 
and carbon release from the 
California Rim fire by integrating 
airborne LiDAR and Landsat OLI data. 
Journal of Geophysical Research: 
Biogeosciences. 2017 Feb 
1;122(2):340-53.
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Grand Challenges for Global Ecology

• What is the primary productivity of the globe and what controls it? 
• How much carbon does the biosphere store and how could it change? 
• How does direct human exploitation of the biosphere affect 

productivity and carbon storage?
• What is the biological diversity of the world and how does it affect 

the function and stability of ecosystems? 
• Can we predict the future of terrestrial carbon storage and the role 

of ecosystems in the Earth System:



New tools for Global Ecology

• In situ networks, big data compilations, genomics, citizen science…
• New remote sensing technologies for ecology since greenness…
• GHGs
• SIF
• VOD
• Lidar and radar
• Spectroscopy
• TIR
• GPS/bistatic radar



Flux towers in the sky
SPACEIN SITU

Carbon Equation 

GPP = NEEEC — RECO (night)
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The carbon equations are more different than at first look…

NEE = GPP + Reco versus NECB = GPP + SIF + Fire

• 1 km2 versus ~100 km2.
• NEE versus NECB, disturbance included
• GPP from day-night contrast difference versus from SIF
• Space measurement sees emissions 
• Totally different error sources and uncertainty models
• Similar but differently sampled and differently measured covariates



Water cycle



Acronym Dictionary
ABoVE – Arctic Boreal Vulnerability Experiment
APAR – Absorbed Photosynthetically Active Radiation
AVIRIS – Airborne Visible/Infrared Imaging Spectrometer 
BIOMASS – European Space Agency mission
CO – Carbon Monoxide
DBH – Diameter Breast Height
DLR – Deutsches Zentrum für Luft- und Raumfahrt, Germany
ECOSTRESS – ECOsystem Spaceborne Thermal Radiometer Experiment on Space Station
EMIT – Earth Surface Mineral Dust Source Investigation
ESA – European Space Agency
ET – EvapoTranspiration
GEDI – Global Ecosystem Dynamics Investigation Lidar 
GLAS – Geoscience Laser Altimeter System
GPP – Gross Primary Productivity
GRACE – Gravity Recovery and Climate Experiment
HISUI – HyperSpectral Imager Suite 
ISRO – Indian Space Research Agency
LAI – Leaf Area Index
LAD – Leaf Area Distribution
LST – Land Surface Temperature
LUE – Light Use Efficiency
MODIS – MoDerate Resolution Imaging Spectroradiometer
NECB – Net Ecosystem Carbon Balance
NEE – Net Ecosystem Exchange
NISAR – NASA-ISRO Synthetic Aperture Radar
NPP – Net Primary Productivity
PAR – Photosythetically Active Radiation
Reco – Ecosystem Respiration
SIF – Solar (or Sun)-Induced Fluorescence
SBG – Surface Biology and Geology
TIR – Thermal InfraRed
TROPOMI – TROPOspheric Monitoring Instrument
VSIR – Visible and Shortwave InfraRed
VOD – Vegetation Optical Depth
XCH4 – Column mole fraction of methane
XCO2 – Column mole fraction of carbon dioxide

The editors asked for this, too:



A gallery of new measurements



ECOSTRESS ET over the Amazon





USGS data base versus Cygnss reflections
Potential for GPS reflectometry





Imaging spectroscopy 
for plant canopy 
functional traits

Functional Trait Units Normalized Uncertainty,
Retrieved (Singh et al 2015)

LMA g/m2 11%

Nitrogen % dry mass 16%

Chlorphyll ng/mg 8%

Lignin % dry mass 12%

Phosphorus % dry mass 16%



Technical challenges

Uncertainty quantification: To distinguish real phenomena, and combine observations from multiple 
sources in model statistical and data assimilation models, the uncertainty of each observation must be well-
quantified, so as to balance its influence against other sources of information.

Algorithm development: Algorithms for new satellite observables can be extraordinarily complex, and 
their development constitutes a field in itself. In many cases, the usability of satellite data products depends 
directly on how the data were processed. 

Modeling and Data integration: The seamless fusion of new global satellite observations, in situ 
measurements and modeling of biology is key to the success of global ecology, combining observations of 
different processes and at different scales.

Prediction: Policy and management depend on forecasting of global and regional change, to inform 
carbon management and to ensure skillful simulation of Earth System feedbacks.



Watersheds in the sky
Storage = Precipitation – Evapotranspiration – Runoff 
All now measurable at some scales from space

And storage includes 

Storage = Plant water + Soil water + Groundwater + Surface Inundation + Snow and ice
All now measurable at some scales from space


