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What is the urban biosphere doing? 



Tower data Surface reflectance 
(MODIS) 

LSWI EVI 

𝐺𝐸𝐸=(𝜆 × ​𝑇↓𝑠𝑐𝑎𝑙𝑒  × ​ 𝑊↓𝑠𝑐𝑎𝑙𝑒  × ​ 𝑃↓𝑠𝑐𝑎𝑙𝑒 ) × ​𝑓𝐴𝑃𝐴𝑅↓𝑃𝐴𝑉  × ​1∕(1+ ​𝑃𝐴𝑅∕​𝑃𝐴𝑅↓0  ) × 
𝑃𝐴𝑅  

​𝑅↓𝐸  = 𝛼 × ​𝑇↓𝑈𝐻𝐼 +𝛽= ​𝑅↓𝐴 + ​𝑅↓𝐻  

Validation 
and 

optimization 

Tair SWrad 

Climate data (GOES & RAP) 

VPRM 

​𝑅↓𝐻 =(1−𝐼𝑆𝐴)∗​​𝑅↓𝐸_𝑖𝑛𝑖𝑡 /2 	​𝑅↓𝐴 =(​𝐸𝑉𝐼+ ​min�(​𝐸𝑉𝐼↓𝑟𝑒𝑓 ) ∗𝐼𝑆𝐴/​𝐸𝑉𝐼↓𝑟𝑒𝑓  )∗​​𝑅↓𝐸_𝑖𝑛𝑖𝑡 /2 	

Mahadevan	et	al.	2008;	Hardiman	et	al.	2017	



What is the urban biosphere doing? 



What is the urban biosphere doing? 
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Morreale	et	al.	in	prep	

n=4296	 n=12353	n=9968	 n=112225	

We	are	still	explore	the	regional	variations	and	mechanistic	underpinnings,	
but	the	MA	results	not	a	fluke...	

What is the urban biosphere doing? 



Trlica	et	al.	in	prep	

Check	out	
his	poster!	

What is the urban biosphere doing? 



Smith	et	al.	in	review	

Live Fast! 
Street tree growth rates (0.78 ± 0.02 cm 
tree-1 yr-1) are higher than rural forested 
trees (0.02 ± 0.01 cm tree-1 yr-1).  

Die Young! 
Street tree mortality rates  (3.1 ± 0.2% 
stems yr-1; 2006-2014) were more than 
double non-urban rates (1.4 ± 0.04% yr-1)   

What is the urban biosphere doing? 
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What is the urban biosphere doing? 

Smith	et	al.	in	prep	
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Temperature	response	of	soil	respiration	is	unchanged	

30%	increase	in	soil	respiration	rates	near	edge	(HF)	

Soil	temperatures	near	the	edge	are	higher	
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What is the urban biosphere doing? 

Smith	et	al.	in	prep	



Tower data Surface reflectance 
(MODIS) 

LSWI EVI 

𝐺𝐸𝐸=(𝜆 × ​𝑇↓𝑠𝑐𝑎𝑙𝑒  × ​ 𝑊↓𝑠𝑐𝑎𝑙𝑒  × ​ 𝑃↓𝑠𝑐𝑎𝑙𝑒 ) × ​𝑓𝐴𝑃𝐴𝑅↓𝑃𝐴𝑉  × ​1∕(1+ ​𝑃𝐴𝑅∕​𝑃𝐴𝑅↓0  ) × 
𝑃𝐴𝑅  

​𝑅↓𝐸  = 𝛼 × ​𝑇↓𝑈𝐻𝐼 +𝛽= ​𝑅↓𝐴 + ​𝑅↓𝐻  

Validation 
and 

optimization 

Tair SWrad 

Climate data (GOES & RAP) 

Does VPRM capture these mechanisms?   

​𝑅↓𝐻 =(1−𝐼𝑆𝐴)∗​​𝑅↓𝐸_𝑖𝑛𝑖𝑡 /2 	​𝑅↓𝐴 =(​𝐸𝑉𝐼+ ​min�(​𝐸𝑉𝐼↓𝑟𝑒𝑓 ) ∗𝐼𝑆𝐴/​𝐸𝑉𝐼↓𝑟𝑒𝑓  )∗​​𝑅↓𝐸_𝑖𝑛𝑖𝑡 /2 	

Mahadevan	et	al.	2008;	Hardiman	et	al.	2017	

NO! 



But, the estimated fluxes for Boston make sense 

VPRM is a work in progress… 



Fl
ux

 (µ
m
ol
C
O
2 

m
-2
s-
1 )

0
0.
1

1
10

10
0

GEP RE FFCO2

Fl
ux

 (µ
m
ol
C
O
2 

m
-2
s-
1 )

0
0.
1

1
10

10
0

Distance from Urban Core (km)

Fl
ux

 (µ
m
ol
C
O
2 

m
-2
s-
1 )

25 20 15 10 5 0

0
0.
1

1
10

10
0

Summer	(July)	

Spring	(May)	

Winter	(Jan)	

July		VPRM	RE	 	 	=	4.3	
measured	Rs	 	 	=	3.6	

Seasonal Dynamics 

Fl
ux

 (µ
m
ol
C
O
2 

m
-2
s-
1 )

0
0.
1

1
10

10
0

GEP RE FFCO2

Fl
ux

 (µ
m
ol
C
O
2 

m
-2
s-
1 )

0
0.
1

1
10

10
0

Distance from Urban Core (km)

Fl
ux

 (µ
m
ol
C
O
2 

m
-2
s-
1 )

25 20 15 10 5 0

0
0.
1

1
10

10
0

24hr	

Soil	
respiration	

Growing	
Season	

July		VPRM	RE	 	 	=	1.8	
measured	Rs	 	 	=	1.5	



Fl
ux

 (µ
m
ol
C
O
2 

m
-2
s-
1 )

0
0.
1

1
10

10
0

GEP RE FFCO2

Fl
ux

 (µ
m
ol
C
O
2 

m
-2
s-
1 )

0
0.
1

1
10

10
0

Distance from Urban Core (km)

Fl
ux

 (µ
m
ol
C
O
2 

m
-2
s-
1 )

25 20 15 10 5 0

0
0.
1

1
10

10
0

Seasonal & Diurnal Dynamics 

Summer	(July)	

Spring	(May)	

Winter	(Jan)	

Fl
ux

 (µ
m
ol
C
O
2 

m
-2
s-
1 )

0
0.
1

1
10

10
0

GEP RE FFCO2

Fl
ux

 (µ
m
ol
C
O
2 

m
-2
s-
1 )

0
0.
1

1
10

10
0

Distance from Urban Core (km)

Fl
ux

 (µ
m
ol
C
O
2 

m
-2
s-
1 )

25 20 15 10 5 0

0
0.
1

1
10

10
0

11am	–	4pm	local	time	

Highways,	agriculture,	golf	courses,	
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4/22/18	

Fertilized,	irrigated	greenness	increases	the	
GEP	estimates.		Temperature	model	for	R,	
but	large	export	of	dead	organic	material…	



Other CO2USA Runs - Baltimore 



Other CO2USA Runs - Baltimore 

April	

August	

September	

October	

A	different	October	



Other CO2USA Runs - Baltimore 
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EVI and LSWI in 2016 − pixel 13684, 
LC class = Croplands
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Other CO2USA Runs - Baltimore 
68%	ISA	0%	ISA	
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Other CO2USA Runs 

Indianapolis Salt Lake City 



Other CO2USA Runs - Indy 

44%	ISA	7%	ISA	



Next steps to “better” model what the urban biosphere doing? 

Parazoo	et	al.	in	LA	 Better	characterization	of	
fragmentation	&	pixel	
heterogeneity	

More	empirical	
observations	for	
parameterization	&	
validation	


