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Hydrologic Connectivity 

  Lateral moisture connection between terrestrial patches  

 Hydrology: long history (Wetness indices, expansion and 
contraction of saturated areas...implicit connectivity)  

 More recent emphasis in hydrologic studies - under what 
conditions do hydrologic connections between landscape 
units occur 

 Watershed Scale:  

what controls when hillslopes are connected with their 
floodplains  

“fill and spill” punctuated connection  

(Jencso, K. G. and B. L. McGlynn (2011), WRR  

Tromp-van Meerveld, H. J. and J. J. McDonnell (2006) WRR 



Ecosystem Implications of  
Hydrologic Connectivity 

Watershed Scale - Clearly riparian zones have been studied 
as “unique” systems (but not with a focus on connectivity) 

Smaller scale 

“Hot-moments” of biogeochemical cycling sometimes occur 
when parts of the landscape “become connected” (McClain 
et al., 2003), 

Micro-scale example of how nitrification increases after rain-
events in semi-arid chaparral, due to the connection of 
microbes with substrates 



Ecosystem Implications of  
Hydrologic Connectivity 

Watershed Scale: 

  Does vegetation use more water and is it more 
productive if we account for connections between 
different parts of the landscape? 

   Largely ignored in many regional scale 
   hydrologic models 

  Recent work does look at this - Hwang et al. 2012 
WRR uses remote sensing of vegetation to infer longer 
term  connectivity patterns for watershed in Cowetta 
 We find 33% greater ET when terrestrial redistribution 
is accounted for in a Sierra snow dominated watershed 



  Surface connectivity plays a key role in ecohydrology and 
productivity of semi-arid regions 

photo: Hugh Stimson (hughstimson.org)

Ecosystem Implications of  
Hydrologic Connectivity 



Mission Creek catchment near Rocky Nook Park, Santa Barbara, CA

Connectivity in the urban environment 
(between patches) 

  Urban areas also 
have patches of bare 
(impervious) and 
vegetated surfaces 



  Effec%ve imperious area (EIA) ‐ 
area that is directly connected 
(through storm sewers) or to 
streams  

  Total impervious area (TIA)  

  In an urban context: 
  Total vs. Effec%ve impervious 

surface area 

  EIA may have greater impact 
than TIA on runoff produc%on 
(e.g. Alley and Veenhuis 1983; 
Walsh et al. 2009) 

TIA only

EIA + TIA

Role of fine-scale spatial patterns of 
impervious area connectivity 



Increases in peak flow highly sensitive to construction of 
storm sewer network and its connectivity to the stream  

(Tague and Pohl, 2008, Annals of American Geographers) 



 Urban context ... 

 How do fine scale impervious surface connectivity affect 
vegetation water use and productivity? 

 Particularly in water-limited environments? 

Ecological Implications of Hydrologic 
Connectivity (the urban context) 



Hydrologic processes in RHESSys 

GIS based model of water, 
carbon, and nitrogen cycling 



Carbon and Nitrogen cycling in RHESSys 

Energy (radiation), 
carbon, nitrogen and 

water balance 

Stand competition for 
water, light, nutrients 

Feedbacks between 
NPP, growth, 

phenology, and soil 
biogeochemical cycling 



  Located in Santa Barbara, CA  

  Has been steadily urbanizing over the past century 

  Semi-arid 
Mediterranean climate 

  Stream flow is 
monitored at three 
points in the catchment 

Study site: 
Semi-arid urbanizing systems 



Study site: Semi-arid climate: Winter PCP dominated 



  Decreasing the fraction of EIA = more water delivered to vegetation 
  Expect increases in modeled transpiration, photosynthesis 



Shields et al., 2012, Ecosystems 

Temporal disconnect between water input and water use may 
limit effectiveness of water inputs from surrounding patches 



RHESSys Calibration outcome 

NSE: 0.5-0.83 
NSE(log(Q)): 0-0.48. 
Percent error: 27-55% 

Acceptable parameters ~3% of 
initial pool 



 Generate a range of impervious surface scenarios for a single 
arbitrary  hillslope (1km2), spatially explicit 5m patches 

  5-65% TIA 
  5-100% EIA fraction 

Methods 

•  Vegetation types: 
grass, live oak, 
chaparral 
•  Does the model 
show an EIA effect on 
NPP and ET 
averaged over 10 
years of climate 
forcing? 



While impervious area reduces total 
transpiration, connectivity matters 

For chaparral, having only 5% EIA with a 
TIA of 50%  leads to transpiration similar 
that of 25% (wth 100% EIA) 

Shallower routing depth of grass means 
that plants can make less use of available 
water from connected impervious areas 

Grass 

Live Oak 

Chaparral 



Grass 

Live Oak 

Chaparral 

Removing vegetation actually slightly increases 
total hillslope NPP - why? 
removal of “unproductive” (carbon source over 
years used) mature vegetation in live oak case, 
marginally productive grasses  -  

Shifting EIA from 5% to 100% can more than 
double NPP, particularly for higher levels of TIA - 
and shift to net carbon source to sink for years 
used 

Again, shallower routing depth of grass means 
that plants can make less use of available water 
from connected impervious areas, live-oak 
particularly benefit from additional water 



Grass 

Live Oak 

Chaparral 

Shifting EIA from 5% to 100% can more than double 
NPP of existing vegetation -  particularly for higher 
levels of TIA 

Greater TIA - more water available for transfer, so the 
effect of connectivity (EIA) is greater,  

In general, for high TIA, the increase NPP (per veg), 
is close to linear with decreasing EIA (greater 
connectivity) but there are exceptions depending on 
spatial organization of EIA 

Again, shallower routing depth of grass means that 
impact of additional water on existing vegetation is 
neglible, live-oak particularly benefit from additional 
water 



 How might accounting for EIA impact model output? 

  First approximation: Compare hillslope scenarios with 
explicit EIA to hillslope scenarios using current 
(control) approach 

 Develop regression equations to adjust NPP and 
Transpiration estimates for any given TIA by EIA 
fraction 

 Apply to patch output for catchment 

Extrapolating to catchment scale 



“seed” map overlays streets, streams with a 
fine scale impervious surface map 

Identify impervious areas adjacent to seeds, 
move outwards 

Calculating effective area 



Impervious 
area + stream 
network 

% of total 
area that is 
effective 

While the maximum patch TIA is 81%, mean 
patch TIA across the entire catchment is 12%  



A
nn

ua
l p

er
ce

nt
 c

ha
ng

e 

A
nn

ua
l p

er
ce

nt
 c

ha
ng

e 

Change in watershed scale T and NPP 



Conclusions: Ecological 



  Most sensitivity to uncertainty in calibrated soil parameters, OWU 
  Very little sensitivity to precipitation uncertainty, temperature 

Shields et al., 2012, Ecosystems 



  Accounting for  TIA / EIA distinction  can influence 
catchment scale fluxes (15% for NPP for this only 
moderately urbanized area) 

 Motivation for modelling framework that can account for 
fine scale heterogeneity (patchiness) and connectivity - 
as well as hillslope scale routing – without high 
computationally cost 

  For application in both patchy urban environments, and 
natural systems 

Conclusions: Methodological 
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NEXT STEPS 

Provide a modelling framework 
that can account for fine scale 
heterogeneity (patchiness) and 
connectivity - as well as hillslope 
scale routing 

For application in both patchy 
urban environments, and natural 
systems 
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