
LCLUC Impacts in the Urban Environment

Urban LC accounts for small % of global land area - but has disproportionate
impacts - both on surrounding areas and on % of human population.

Urban cores coupled with their surrounding spheres of influence account for 
significantly more area than the cores alone - and have much greater influence

Definition of Urban areas varies considerably with discipline, investigator & question

Small & Cohen, 2002                                                                                                          Small et al, 2005

Log10 (Population Density)

Stable Lights

At all spatial scales,
population is strongly clustered…

But urban clusters often aggregate 
Into much larger conurbations





Urban LCLUC projects span Atmosphere, Hydrosphere & Biosphere Systems

Multiple spatial & temporal scales and resolutions

Focus on dynamics of coupled urban-rural systems

Regional hydro-meteorology impacts of urban growth - Bowling et al

Global comparisons using multiple sensors & datasets - Christensen et al

Coastal & estuarine biogeochemical impact of urban growth - Fisher & Gitelson et al

Fluvial hydrologic impacts of impervious cover - Goetz et al

Multi-scale impacts of land cover dynamics on urban climate - Small, Avissar & Walko2









































Development and Sensitivity Analysis of High Resolution Land Surface Parameter  
from Satellite Data for use in Mesoscale Land Surface & Climate Models.
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Objectives
Understand scale dependence of anthropogenic land cover modification on regional climate

Improve mesoscale climate model predictive power by incorporating decameter-scale
land surface properties - derived directly from remotely sensed observations

Strategy
Use Spectral Mixture Models to derive land surface physical parameters directly from 
Spectral endmember fractions.       Advantages:  Physical, Quantitative, Verifiable, Scaleable

Test model sensitivity to spatial resolution of land surface inputs and compare 2 different Land 
Surface Model (LSM) schemes for contrasting climatic/land cover environments.

Funding provided by  USDA National Research Initiative, and CSREES grant #USDA 2006-35615-16716



Deriving Land Surface Parameters from Multi-Temporal Optical Imagery

Spectral Mixture Analysis (SMA) derives areal abundance of fundamental land cover components
(water, vegetation, rock/soil substrates, NPV) and shadow.  Quantitative, Physical, Verifiable, Scaleable

Deriving physical properties from physical measurements eliminates discretization errors and can 
represent continuous gradations in surface properties through time.   

Multi-Temporal SMA uses the additional information provided by temporal changes in reflected radiance.   

Distinguish  ∆ Land Cover  from ∆ Illumination  &  ∆ Atmosphere

Mixture Fraction Terrain Correction

Quantify Seasonal & Inter-annual Changes
Landsats 5 + 7

Derive Physical 
Quantities Directly

Avoid Unnecessary
Error & Assumptions



Land surface models (LSMs) are an essential component of weather and climate 
models.  

The most important function of a LSM is to correctly partition downward incident 
radiation into reflected radiation, emitted radiation, and turbulent fluxes of sensible 
and latent heat.

In nature, this partitioning of energy depends on many factors, including:
Vegetation

Height
Density
Albedo
Surface area
Root depth and density
Stomatal conductance
Growing season

Urban
Albedos, thermal
conductivity, and heat 
storage properties of 
buildings, streets, and 
sidewalks
Building height and 
areal coverage
Engineered drainage 
systems

Atmosphere 
Temperature
Humidity
Surface wind speed
Amount of sunlight

Some of these factors are generally well known, but others are not and must usually be 
estimated,- sometimes with little information to go on.

Our study is aimed at improving estimates of some of these factors and testing how the 
improvement impacts the behavior of the LSMs in diverse urban & rural settings.

Soil
Albedo
Porosity
Hydraulic conductivity
Thermal conductivity
Moisture profile
Temperature

Modeling Land Surface Processes



We are using two very different LSMs for this study:  LEAF3 and HiSVAT

LEAF3 represents vegetation, 
buildings, soil, and canopy air 
space as separate entities, and 
further subdivides soil and the 
vegetation canopy into multiple 
layers.  Energy and water transfers 
between all components and with 
the atmosphere are represented 
explicitly.  LEAF3 requires physical 
parameters to describe each of its 
components.

HiSVAT combines vegetation, 
buildings, and soil into a single 
“surface” entity that has an albedo and 
can store heat and moisture.  It 
requires very few physical parameters, 
most of which can be determined by 
remote sensing.  However, it requires 
statistical tuning of a few remaining 
parameters.

Land Surface Model Comparison

Both models use parameters derived directly from multi-temporal Landsat
validated with meter-scale Quickbird and Ikonos imagery.

Currently refining estimation of seasonal albedo, vegetation phenology & surface 
roughness from Landsat time series and integrating parameters into LSMs.



For both models, we need to quantify the difference between single-surface albedo, bulk 
vegetation or building albedo, and bulk vegetation/soil albedo, and their dependence on 
solar zenith angle.  
Current efforts focused on estimation & incorporation of multitemporal  albedo, roughness, 
and fractional soil, impervioiu & vegetation cover into LSMs for sensitivity analysis.
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