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RESPONSE OF SOUTHWESTERN GRASSLANDS TO PRECIPITATION AND  
TEMPERATURE EXTREMES OF THE EARLY 21ST CENTURY DROUGHT  

 
Grasslands in the western United States span 500 million acres of public and private land and 
play a key role in regional livelihood and national food security.  We investigated changes in 
grassland above-ground net primary production (ANPP) during and after the early 21st century 
drought along an arid-to-mesic precipitation gradient.  This study was based on a decadal (2000-
2009) set of in situ meteorological data and satellite-based measurements of vegetation greenness 
at 6 USDA long-term experimental sites in the southwestern United States.  Results showed a 
synchronistic decrease in grassland production with new hydroclimatic conditions.  Drought-
induced grass mortality at the arid end of the moisture gradient led to unexpected shifts in the 
production response to precipitation, and in some cases, new species assemblages including 
invasive grasses.  We quantified a threshold-related mortality in arid grasslands after only 4 
years of exceptionally warm drought.  During the study period 2000-2009, grassland production 
at sites across the Southwest U.S. converged to a common response to both high and low 
precipitation anomalies.  During prolonged warm drought, the driest years resulted in a 
substantial decrease in grassland production, overriding the buffering mechanism previously 
reported for herbaceous plants.  Future predictions of grassland production should consider these 
non-linear grassland dynamics and the triggers leading to rapid die-back and mortality associated 
with forecasted climates. 

 
BIO 

 
Dr. Susan Moran is a Hydrologist with the USDA-ARS Southwest Watershed Research Center 
and an Adjunct Professor at the University of Arizona Dept. of Soil, Water and Environmental 
Science, Tucson, Arizona. Her research is concentrated on critical arid and semiarid regions with 
a broad focus on the impact of climate on natural resources and a specialized focus on the 
application of remote sensing.  
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ABSTRACTS OF PRESENTED PAPERS 
(LISTED ALPHABETICALLY BY FIRST AUTHOR) 

 
PREDICTING BUFFELGRASS GREENUP BASED ON ANTECEDENT WEATHER AND GROUND-BASED 

REMOTE SENSING  
BEAN, TRAVIS M.1 AND STEVEN E. SMITH 
1 School of Natural Resources and Environment, University of Arizona, Tucson, AZ; bean@email.arizona.edu 
Cenchrus ciliaris (buffelgrass) is fire-prone, invasive, African perennial bunchgrass that is 
rapidly expanding in subtropical regions worldwide, including parts of Australia, Central and 
South America, Pacific and Caribbean islands, as well as northwestern Mexico, southern Texas, 
southeastern California, and southern Arizona. Its rapid invasion rate, tendency to displace native 
vegetation and produce near-monocultures, and the associated fire risk to native plant 
communities, adjacent developed areas and their associated infrastructure have made C. ciliaris 
removal a priority. Because of the exponential rate of growth often seen in C. ciliaris 
populations, mechanical control is unable to keep pace with spread and chemical control 
currently offers the most promise for successful management on a regional scale. Herbicides 
known to be effective in controlling C. ciliaris are symplastically translocated and require active 
vegetative growth when applied for optimum action on meristematic tissue. The timing and 
length of active growth periods are erratic in southern Arizona however, which confounds 
management. Our objective is to predict the timing and length of active growth based on 
antecedent weather for a given location, which will allow for herbicide application efforts to be 
prioritized according to sites that are most susceptible to control efforts. We have tracked 
temperature, precipitation, soil moisture and temperature, tiller moisture content, plant size and 
visually estimated plant greenness using daily photographs of individuals and stands of C. 
ciliaris at three sites in the Tucson Basin. We are in the middle of year one of a two-year study, 
and will present preliminary data from the summer 2012 growing season to provide an example 
of predicted versus actual greenup and discuss management implications of our findings. 
 
OUTDOOR WATER USAGE ESTIMATION AND SENSITIVITY TO DROUGHT FOR DIFFERENT LAND-USE 

AND LAND-COVER IN URBAN AREA USING LANDSAT 5: A CASE STUDY OF PHOENIX, AZ 
KAPLAN,SHAI1 C. FAN, S. MYINT, AND A. BRAZEL 
1 Arizona State University, Phoenix, AZ; skaplan3@asu.edu 
High rate of urbanization in arid lands exert additional pressure on natural resources, especially 
water. Outdoor water use in arid cities such as Phoenix metropolitan area is a key to achieve 
sustainable development and ensure water security. A remote sensing energy balance model 
called S-ReSET (Simplified Remote Sensing of Evapotranspiration) was applied to Landsat 
images to estimate daily and seasonal ET as a proxy for outdoor water consumption over the 
Central Arizona Phoenix – Long Term Ecological Research (CAP-LTER) region. The objectives 
of this research are to quantify outdoor water consumption by different land use land cover types 
within the urban settings, and compare the spatio-temporal variation of water consumption 
between drought and wet years. Model ET estimations were compared against parks water use 
and showed good agreement, explaining 71% of the variance. This demonstrates that S-ReSET 
model can be used effectively to estimate and map water consumption in a coupled human 
environment system. Results indicate that ET varies with land-use/land-cover types. Seasonally, 
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active agriculture shows high ET (>500 mm) for both wet and dry conditions, while the desert 
and urban land cover experienced lower ET during drought. 
 
QUANTIFYING PHENOLOGY SHIFTS IN BREEDING BIRDS USING QUANTILE REGRESSION AND 

CONSTANT EFFORT MARK/RECAPTURE METHODS  
LEITNER, WADE1 
1 Sky Islands Bird Observatory, Tucson, AZ; wleitner@birdsci.com 
Quantifying Phenology Shifts in Breeding Birds Using Quantile Regression and Constant Effort 
Mark/Recapture Methods Current understanding of avian responses to climate change predicts 
shifts in distribution and phenology. At present, there are over 500 long term bird banding 
stations in operation to inventory and monitor breeding birds distributed across North America. 
These stations routinely collect several measures of breeding condition throughout the breeding 
season for multiple species. Long term bird banding data collected from these stations can be 
used to look for correlated changes in phenology and may provide an indirect measure of climate 
change. The key to the analysis is an extension of regression analysis known as quantile 
regression. This talk will provide a brief introduction to quantile regression, breeding bird 
phenology and provide an analysis of a 15 year constant-effort banding study conducted at 
Tumacacori National Historical Monument on the Santa Cruz River in Arizona. 
 
CLIMATIC VARIATION AFFECTS CLUTCH PHENOLOGY IN AGASSIZ'S DESERT TORTOISE (GOPHERUS 

AGASSIZII)  
LOVICH, JEFF1, MICKEY AGHA, MEAGHAN MUELBLOK, KATHIE MEYER, JOSH ENNEN, CALEB 

LOUGHRAN, SHEILA MADRAK, AND CURTIS BJURLIN 
1 USGS, Flagstaff, AZ; jeffrey_lovich@usgs.gov 
Agassiz’s desert tortoise (Gopherus agassizii) is federally protected as threatened in the United 
States and there is concern about how climate change will affect the species. We studied the 
effects of climatic variation on clutch phenology of a tortoise population at a wind energy 
generation facility for seven field seasons from 1997-2011. Using X-radiography, we quantified 
the following phenophases based on the number of calendar days to each event from 1 January: 
appearance and disappearance of 65 first and 53 second clutches, and inter-clutch intervals 
between first and second clutches. Although third clutches were rare (n = 7), they were observed 
in five of seven years, produced by seven different females, none of which produced more than 
one. Shelled eggs were visible from as early as 11 April to as late as 28 July, and the overall time 
span that eggs were visible differed among years. After controlling for maternal effects, we 
observed statistically significant inter-annual variation in all phenophases except for inter-clutch 
interval. Clutch appearance was late in cool years relative to warm years and especially late after 
two consecutive cool years. Using degree day (DD) methodology, we calculated DD 
accumulation during the post-hibernation and nesting season for each year. We then used DD 
estimates for mean date of first clutch appearance to predict the mean date of first clutch 
appearance in subsequent typical years with 1-10 day accuracy. Clutch phenology appears to be 
correlated with inter-annual variation in climate and may be influenced by climatic events in 
previous years. 
 



5 

 

PHENOLOGY-BASED, REMOTE SENSING INDICATOR FOR POST-BURN DISTURBANCE WINDOWS IN 
RANGELANDS  

SANKEY, JOEL B.1 AND CYNTHIA  S.A. WALLACE2 
1 USGS Western Geographic Science Center, Flagstaff, AZ; jsankey@usgs.gov, 2 USGS Western Geographic 

Science Center, Tucson, AZ; cwallace@usgs.gov 
Wildland fire activity has increased in many parts of the world in recent decades. Fire can 
accelerate land degradation processes such as erosion due to combustion of vegetation that 
otherwise provides protective cover to the soil surface. This study employed a novel indicator 
based on remote sensing of vegetation greenness dynamics (phenology) to estimate variability in 
in the window of time between fire and the reemergence of green vegetation. The indicator was 
applied as a proxy for short-term, post-fire disturbance windows in rangelands; where a 
disturbance window is defined as the time required for an ecological or geomorphic process that 
is altered to return to pre-disturbance levels. We examined variability in the indicator determined 
for time series of MODIS and AVHRR NDVI data for a database of ~ 100 historical wildland 
fires, with associated post-fire reseeding treatments, that burned 1990-2003 in cold desert shrub 
steppe of the Great Basin and Columbia Plateau of the western USA. The indicator-based 
estimates of disturbance window length were examined relative to the day of the year that fires 
burned and seeding treatments to consider effects of contemporary variability in fire regime and 
management activities in this environment. A key finding was that contemporary changes of 
increased length of the annual fire season could have indirect effects on soil degradation, as early 
season fires appeared to result in longer time that soils remained relatively bare of the protective 
cover of vegetation after fires. Also noteworthy was that reemergence of vegetation did not occur 
more quickly after fire in sites treated with post-fire seeding, which is a strategy commonly 
employed to accelerate post-fire vegetation recovery. Future work with the indicator could 
examine the magnitude of common post-disturbance processes such as erosion, soil hydrologic 
response, or carbon cycling, as a function of disturbance windows, possibly using simulation 
modeling and historical wildfire information. 
 
LINKING TEMPORAL PATTERNS OF WILDLIFE ACTIVITY TO LANDSCAPE PHENOLOGY WITH TRAIL 

CAMERA AND SATELLITE OBSERVATIONS: CHALLENGES AND OPPORTUNITIES 
VILLARREAL, MIGUEL L.1, JOEL B. SANKEY1, LEILA GASS1, LAURA M. NORMAN1, CYNTHIA S.A. 

WALLACE1, ROY PETRAKIS2, AND JACK L. CHILDS3 
1 USGS Western Geographic Science Center, Tucson, AZ; mvillareal@usgs.gov; 2 University of Arizona;  

3 Borderland Jaguar Detection Project 
Between 2001 and 2009, the Borderlands Jaguar Detection Project deployed 174 camera traps in 
the Baboquiviri, Sierrita, Tumacacori, Atascosa, Patagonia, and Santa Rita Mountains of 
southern Arizona to record jaguar activity. In addition to jaguar, the motion-activated cameras, 
placed along known wildlife travel routes, recorded occurrences of ~ 20 other animal species 
with 36,806 photographs. We examined temporal relationships of white-tailed deer (Odocoileus 
virginianus) and javelina (Pecari tajacu) to landscape phenology (as measured by monthly 
MODIS Normalized Difference Vegetation Index data) and the timing of wildfire (Alambre Fire 
of 2007). Preliminary models suggest that temporal dynamics of these two species were related 
to vegetation phenology and natural disturbance in the sky island region. We will discuss 
challenges associated with developing and analyzing a large, long-term animal observation 
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database and highlight future research opportunities to model landscape-scale wildlife dynamics 
using these data sources. 
 
THE USA NATIONAL PHENOLOGY NETWORK’S NATIONAL PHENOLOGY DATABASE: A MULTI-

TAXA, CONTINENTAL-SCALE DATASET FOR SCIENTIFIC INQUIRY  
WELTZIN, JAKE F.1 AND STAFF OF THE USA-NPN NATIONAL COORDINATING OFFICE 
1 USA National Phenology Network and USGS, Tucson, AZ; jweltzin@usgs.gov 
The USA National Phenology Network (USA-NPN; www.usanpn.org) serves science and 
society by promoting a broad understanding of plant and animal phenology and the relationships 
among phenological patterns and all aspects of environmental change. The National Phenology 
Database, maintained by the USA-NPN, is experiencing steady growth in the number of data 
records it houses. As of August 2012, participants in the USA-NPN national-scale, multi-taxa 
phenology observation program Nature’s Notebook had contributed over 1.3 million observation 
records (encompassing four and three years of observations for plants and for animals, 
respectively). Data are freely available www.usanpn.org/results/data, and include FGDC-
compliant metadata, data-use and data-attribution policies, vetted and documented 
methodologies and protocols, and version control. Quality assurance and quality control, and 
metadata data associated with field observations (e.g., effort and method reporting, site and 
organism condition) are also documented. Data are also available for exploration, visualization 
and preliminary analysis at www.usanpn.org/results/visualizations. Participants in Nature’s 
Notebook, who include both professional and volunteer scientists, follow vetted protocols that 
employ phenological “status” monitoring rather than “event” monitoring: when sampling, 
observers indicate the status of each phenophase (e.g., “breaking leaf buds” or “active 
individuals”). This approach has a number of advantages over event monitoring (including 
estimation of error, estimation of effort, “negative” or “absence” data, capture of multiple events 
and phenophase duration) and is especially well-suited for integrated multi-taxa monitoring. 
Further, protocols and a user interface to facilitate the description of development or abundance 
data (e.g., tree canopy development, animal abundance) create a robust ecological dataset. We 
demonstrate several types of questions that can be addressed with this observing system and the 
resultant data, including spatio-temporal variation in organismal activity at both the population 
and community level. Patterns in the data collected by Nature’s Notebook participants are 
beginning to emerge demonstrating the value of this data resource. For example, preliminary 
analysis indicates that plant phenology is closely tracking seasonal changes in climatological 
variables, with spring tree phenophases in the northeastern US clearly showing earlier activity 
under warmer spring conditions. Other preliminary analyses suggest spatiotemporal patterns in 
phenology that relate to animal migrations, invasive species ecology and management, and 
species interactions; additional data-mining and exploration by interested researchers and/or 
resource managers will likely further demonstrate the value of these data. In sum, the data 
housed in the National Phenology Database will be very useful to a variety of stakeholders 
interested in the spatial and temporal patterns of plant and animal activity on a national scale; we 
encourage researchers and decision makers to take advantage of this rich new data resource. 
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ABSTRACTS OF PRESENTED POSTERS 
(LISTED ALPHABETICALLY BY FIRST AUTHOR) 

 
PHENOLOGICAL PATTERNS OF CHIHUAHUAN DESERT PERENNIAL GRASSES AND SHRUBS IN 

NORMAL AND BELOW-AVERAGE PRECIPITATION YEARS  
BROWNING, DAWN1 AND MICHELLE MATTOCKS 
1 USDA-ARS Jornada Experimental Range, Las Cruces, NM, dbrownin@nmsu.edu 
Observations of plant phenology in Arid and semi-arid regions of the southwestern USA serve as 
salient indicators of plant responses to changing climate. Repeated consistent phenology 
observations in conjunction with local climatological (e.g., precipitation, temperature) and soil 
(e.g., moisture, temperature) measurements are key to elucidating the role of abiotic drivers in 
the timing of lifecycle events. We initiated weekly observations of plant phenology in Mar 2010 
at a Soil Climate Analysis Network (SCAN) site on the Jornada Experimental Range in southern 
New Mexico. Weekly observations for 20 individuals across three functional groups - perennial 
grasses (Aristida purpurea, Sporobolus spp., and Pleuraphis mutica), the deciduous shrub honey 
mesquite (Prosopis glandulosa) and the evergreen shrub creosote (Larrea tridentata) – were 
conducted using National Phenology Network (NPN) protocols. We compare and contrast 
phenology patterns by functional group in the context of precipitation for 2010 and 2011 rain 
years. Dates of first leaf (initial growth), open flowers and fruit production are noted; in addition, 
the time from initial growth to full canopy and from flower to fruit production were calculated 
for both growing seasons. Rainfall in the 2010 rain year (213.4-mm) was near the long-term 
average (245-mm). Aristida and Sporobolus grasses initiated growth prior to 17 Mar 2010. 
Mesquite initiated growth later (19 Apr 2010), but achieved full canopy within 4.5 weeks. In 
contrast, canopy development for grasses in 2010 occurred over 22 weeks. Time from first 
flower to fruit for grasses in 2010 ranged from 2 (for Sporobolus and Pleuraphis) to 2.7 weeks 
(for Aristida). Rainfall in the 2011 was far below average (89.4-mm) and encapsulated 242 
consecutive dry days. Initial growth for all grasses was delayed until 11 Jul 2011, presumably 
due to deficit rainfall conditions. No grasses produced flowers or fruit in 2011. In contrast, 
mesquite and creosote shrubs initiated growth prior to the first rain event after 08 Oct 2010 (06 
Jun 2011). We hypothesize that changes in soil temperature at depth trigger initial growth for 
deep-rooted shrubs. Next steps are to evaluate the soil temperature hypothesis with soil 
measurements and examine relationships between environmental variables and phenophase 
transitions using a proportional hazards model. 
 
STEADY-STATE CHLOROPHYLL FLUORESCENCE (FS) AS A TOOL TO MONITOR PLANT DROUGHT 

STRESS  
CENDRERO MATEO, MARIA PILAR1, A. ELIZABETE CARMO-SILVA, MICHEAL E. SALVUCCI, M. 

SUSAN MORAN, GREY NEARING, AND MARIANO HERNANDEZ 
1 Department of Soil, Water and Environmental Science, University of Arizona, Tucson, AZ, 

mapilarcm@email.arizona.edu 
Crop yield decreases when photosynthesis is limited by heat or drought conditions. Yet farmers 
do not monitor crop photosynthesis because it is difficult to measure at the field scale in real 
time. Steady-state chlorophyll fluorescence (Fs) can be used at the field level as an indirect 
measure of photosynthetic activity in both healthy and physiologically-perturbed vegetation. In 
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addition, Fs can be measured by satellite-based sensors on a regular basis over large agricultural 
regions. In this study, plants of Camelina sativa grown under controlled conditions were 
subjected to heat and drought stress. Gas exchange and Fs were measured simultaneously with a 
portable photosynthesis system under light limiting and saturating conditions. Results showed 
that Fs was directly correlated with net CO2 assimilation (A) and inversely correlated with non-
photochemical quenching (NPQ). Analysis of the relationship between Fs and irradiance 
revealed significant differences between control and stressed plants that could be used to track 
the status, resilience, and recovery of photochemical processes. In summary, the results provide 
evidence that Fs measurements, even without normalization, are an easy means to monitor 
changes in plant photosynthesis, and therefore, provide a rapid assessment of plant stress to 
guide farmers in resource applications. 
 
COMPARISON OF EXISTING AND PROPOSED PHENOLOGICAL PRODUCTS TO DESCRIBE VEGETATION 

DYNAMICS OF A SEMIARID RANGELAND  
COLODNER, ANA G.1, ANDRES F. CIBILS1, AND MICHAELA BUENEMANN1 
1 New Mexico State University, colodner@nmsu.edu 
Remotely sensed vegetation indices are increasingly used to characterize vegetation growth 
dynamics, which affect grazing behavior and secondary production and are thus critical for 
informed range management. However, it is not clear which satellite composite time series, 
vegetation indices, and phenological parameters extraction methods are the most adequate for 
semiarid rangelands. Our objective was to compare seven phenological parameters for 936 
hectares of semiarid rangeland in central New Mexico extracted from already processed 
phenological products with those resulting from our refined methodology for an average, above, 
and below normal precipitation year (2007, 2005, and 2003 respectively). We explored two 
online sources of phenometrics derived from NDVI time series (8-day MODIS-for-NACP by 
NASA and 16-day MODIS by USGS). From each source we extracted and averaged the annual 
values using the study area limits. To develop our own phenometrics, we originally used 250 m 
16 day MODIS Terra and Aqua NDVI 2003-2011 images. We created a mask to filter out pixels 
in the boundary of the study area (>30% pixel area outside the pasture limits) and those with > 
30% tree cover based on digitalized tree canopies from a 2011 NAIP orthophoto county mosaic. 
We cut the original images with the mask, extracted the phenometrics with TIMESAT 3.1., and 
calculated annual averages for the entire area for each phenological parameter. The existing and 
proposed phenological products for 2003, 2005, and 2007 were compared using t tests. Annual 
averages of the phenometrics showed a general agreement between the evaluated approaches, but 
results will be further discussed in terms of the most efficient strategy. 
 
MONITORING SONORAN DESERT VEGETATION PHENOLOGY WITH LIDAR REMOTE SENSING  
DURAN, CESAR1, JOEL B. SANKEY2, CYNTHIA S.A. WALLACE3, HELEN RAICHLE4, SUSANA 

RODRÍGUEZ-BURITICÁ5, AND ROBERT H. WEBB4 
1 University of Arizona, Tucson, AZ, mdurans@email.arizona.edu; 2 USGS Western Geographic Science Center, 

jsankey@usgs.gov; USGS Western Geographic Science Center, cwallace@usgs.gov; 4 USGS National Research 
Program, rhwebb@usgs.gov and hraichle@usgs.gov; 5 University of Arizona, 
susanarburitica@email.arizona.edu 

Vegetation phenology can produce variability in plant structure over time, which is driven in part 
by variability in environmental factors such as rainfall. In desert landscapes, for example, 
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interannual changes in 3-dimensional plant structure might be influenced by precipitation events 
that can occur sporadically in space and time. For long-term ecological monitoring efforts, a 
better understanding of interannual plant structural dynamics might provide a more clear 
understanding of the uncertainty associated with annual inventory of plant morphometrics such 
as canopy area or vegetation height. We measured interannual variability in vegetation structure 
with a terrestrial (tripod-based) LiDAR unit. Our study site was a long term monitoring plot 
dominated by Ambrosia deltoidea and Larrea tridentata  in the Sonoran desert at the University 
of Arizona Desert Laboratory. We performed approximately monthly LiDAR scans from March 
2011-May 2012. We processed the LiDAR data to determine the following metrics: percent of 
returns from ground (soil) surface as a proxy for vegetation density, vegetation height, and 
canopy area. We examined temporal variability in these metrics at the scale of the plot (10 m x 
10 m), for individual plant canopies, and for groups of species. In many instances, the LiDAR-
derived metrics appeared to relate temporally with measures of cumulative rainfall and coarse-
scale vegetation greenness (NDVI) recorded by satellite remote sensing. Analysis and results 
demonstrated the utility of LiDAR for the quantification of plant growth in response to rainfall. 
 
VALIDATION OF SATELLITE-DERIVED LAND SURFACE PHENOLOGY USING FIELD OBSERVATIONS 

OF CROP DEVELOPMENT STAGES  
EL VILALY, MOHAMED ABD SALAM1, KAMEL DIDA, AND ARMANDO BARRETO 
1 University of Arizona, Tucson, AZ, abdsalam@email.arizona.edu 
Land surface phenology is an integrative science capable of addressing key questions about the 
impacts of climate change on ecosystems states and functions. Studying the phenology of natural 
or managed land in a global context requires the use of remote sensing to address the scale and 
coverage. What remains unclear is how accurate remote sensing based data are from the 
observable phenology of crops on the ground. Specifically, three challenges remain: (1) how to 
validate remote sensing-based land surface phenology; (2) how to compare extracted parameters 
with actual phenological field observations in light of the complex and heterogeneous nature of 
remote sensing observations; and (3) how to evaluate the overall performance of the most 
common land surface phenology algorithms. To address these questions, we propose an 
assessment of the capability of land surface phenology algorithms to accurately characterize the 
phenology of irrigated crops at the University Arizona Maricopa Agriculture Center (MAC). 
These crops allow for adequate remote sensing analysis due to their spatial extent and the 
dynamic of their green cover (0-100% during the growing season). For the remote sensing 
component, we plan to use the 2000-2012 MODIS 250m16-day record of vegetation index. For 
the validation we will use phenological data observed in the field at MAC. Four key phenology 
metrics will be compared across these data sets, Start, End, Peak date of the growing season, and 
crop productivity estimated by the cumulative VI signal. The aim is to characterize the extracted 
metrics and assess the performance of these algorithms. Keywords: Land Surface Phenology, 
Vegetation Index, Crops. 
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CHARACTERIZING LANDSCAPE FRAGMENTATION IN AN URBAN ENVIRONMENT: COMPARING 
SPATIAL AUTOCORRELATION INDICES AND LANDSCAPE METRICS  

FAN, CHAO1 AND SOE MYINT 
1 Arizona State University, Phoenix, AZ, cfan13@asu.edu 
The combined use of remote sensing based land cover classification and landscape metrics has 
provided a positive step towards gaining a comprehensive understanding on the features of 
landscape structure. However, numerous limitations of land cover classification indicate that the 
utilization of classified thematic maps in landscape pattern analysis is somewhat questionable 
and may even lead to large errors in subsequent analyses. Instead of generating detailed land 
cover classification maps, the utility of local spatial autocorrelation indices derived directly from 
satellite imagery was examined. Since local spatial autocorrelation can capture spatial pattern at 
a local scale, it can be expected to detail the spatial heterogeneity for various parts of a landscape 
instead of providing a single value. This study compares the traditional landscape metrics to the 
use of satellite imagery based local spatial autocorrelation measures in quantifying landscape 
structure over Phoenix urban area. Two local spatial autocorrelation indices, the Getis statistic 
and the local Moran’s I were employed in evaluating landscape pattern, using normalized indices 
as the inputs. Further, we applied the spatial autocorrelation approach to time series satellite data, 
and the changes of landscape pattern over Phoenix were characterized. Results show that there is 
a clear relationship between local spatial autocorrelation indices and FRAGSTATS metrics at 
small scale. Both the Getis statistic and the local Moran’s I can serve as useful indicators of 
landscape heterogeneity, for the entire landscape, and for different land use and land cover types. 
The paper provides a feasible methodology for urban planners and resource managers for 
effectively characterizing spatio-temporal changes of landscape fragmentation using continuous 
dataset.  
 
FUNCTIONAL TRAITS AS PREDICTORS OF RESILIENCE OF RIPARIAN ECOSYSTEM PROCESSES AND 

SERVICES  
HOUGH, MOIRA1, DAVID CHAN, JULIET STROMBERG, CHRISTOPHER SCOTT, AND MITCHELL 

PAVAO-ZUCKERMAN  
1 School of Natural Resources and the Environment, University of Arizona, Tucson, AZ, houghm@email.arizona. 
Papers mapping and assessing ecosystem service provision based on land use and land cover 
type have proliferated in recent years as a means of understanding how people benefit from 
ecosystems. While this approach provides a reasonable landscape-scale assessment of ecosystem 
service provision, it is limited in its ability to predict resilience of service provision to 
environmental changes. Resilience is important because it provides managers with an idea of the 
risk of crossing a threshold which would result in major socio-ecological regime changes. In arid 
riparian corridors where limited water availability creates conflict between maintenance of 
certain ecological processes and human activities, it is especially important to understand the 
ecological basis for both current service provision and resilience of service provision to 
environmental changes. In order to do this, we consider the relationship between plant traits that 
govern ecosystem response to water availability and traits that drive ecosystem service provision 
in along the San Pedro River in southeastern Arizona. Using this response-effect framework, we 
are able to assess the impact of changes in water availability on the resilience of ecosystem 
service provision within the riparian corridor. 
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ESTIMATION OF HIGH RESOLUTION LAND SURFACE BROADBAND ALBEDO FOR URBAN AREA FROM 
QUICKBIRD  

KAPLAN, SHAI1, C. GALLETTI, AND W. CHOW 
1 Arizona State University, Phoenix, AZ, skaplan3@asu.edu 
Albedo is a key forcing parameter controlling the planetary radiative energy budget and its 
partitioning between the surface and atmosphere. Characterizing and developing high resolution 
albedo for urban environment is important because of the high urbanization rate and because the 
physical processes and spectral characteristics occur at the scale of 10-20m. By correlating 
broadband Albedo ground measurements from Phoenix, AZ, and reflectance data from 
Quickbird, we developed a new set of coefficients. The visible-near infrared (VNIR) and total 
shortwave Albedo were evaluated for both ground- and top-of-Atmosphere reflectance. The r-
square produced from the multiple regression model as well as a pyranometer were used to 
validate the products generated by the new model. Results show that the blue band and the near-
iNfra-red bands are used in all models. The top-of-atmosphere VNIR was shown to be the best 
model with a 1.96% difference compare to the pyranometer.  
 
INSIGHTS ON ECOHYDROLOGICAL CONTROLS OF PHENOLOGICAL EVENTS IN LARREA TRIDENTATA 

THROUGH CONTINUOUS MONITORING USING DIGITAL CAMERAS  
KIPNIS, EVAN, KRYSTINE NELSON, AND SHIRLEY A. PAPUGA 
1 University of Arizona, Tucson, AZ, ekipnis@email.arizona.edu 
An increasingly earlier onset of spring phenological activity has been well established, with 
elevated springtime temperatures as the primary culprit. Studies highlighting this change in 
ecosystem functioning have generally been conducted where energy is the primary limiting 
factor for plant activity. Importantly, phenological studies in semiarid ecosystems where water is 
the major limiting factor are rare. Unlike in energy-limited ecosystems, the timing of 
phenological events in semiarid ecosystems tends to be strongly linked to discrete pulse-like 
precipitation events. Most of these precipitation events are small, wetting only the top few 
centimeters of the soil and then quickly lost to evapotranspiration. Only rare large precipitation 
events are capable of wetting the root zone beyond the depth of evaporative demand providing 
moisture for plant phenological activity. The objective of this study is to identify the triggers of 
phenological activity in a water-limited Larrea tridentata ecosystem of the southwestern United 
States. We present results from four years of daily meteorological and phenological data 
collected within the Santa Rita Experimental Range. Our site is equipped with an eddy 
covariance tower providing estimates of water and carbon fluxes and associated meteorological 
variables including precipitation and soil moisture at multiple depths. Additionally, three digital 
cameras distributed within the footprint of the eddy provide daily images of phenology. We 
show that spring phenological events (flowering and green-up) are consistent and tend to be 
associated with a temperature-related energy trigger, whereas summer phenological events 
(repeat flowering and repeat green-up) are more dependent on the timing and amount of 
monsoon precipitation and the distribution of that moisture in the soil profile. Additionally, 
summer phenological activity tends to have a shorter duration than spring phenological activity, 
suggesting either a resource limitation or a season-specific plant reproductive strategy in these 
ecosystems. 
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SIMULATION EXPERIMENTS FOR AGRICULTURAL DATA ASSIMILATION: EVALUATING THE 
ASSUMPTIONS OF BAYES FILTERS  

NEARING, GREY1, WADE T. CROW, AND HOSHIN V. GUPTA  
1 University of Arizona, Tucson, AZ, grey@email.arizona. 
Practical applications of Bayesian data assimilation require simplifying assumptions about the 
prior and posterior distributions over model states and often employ approximations of the 
likelihood function; for example, the Kalman filter assumes that the likelihood function is linear, 
the prior is Gaussian, and the posterior is Gauss-Markov. If uncertainty is measured as Shannon 
entropy, the potential reduction in uncertainty about model states due to conditioning on 
observations is the mutual information between states and observations. We propose to quantify 
the efficiency of Bayesian approximations as the ratio of actual to potential reduction in discrete 
Shannon entropy of the distributions over model states due to application of a practical filter. 
Separate inefficiency metrics related to the prior, posterior and likelihood sum to the difference 
between actual and potential residual entropy. In application, these metrics are estimated by an 
observing system simulation experiment and indicate whether data assimilation is limited by the 
model, the observations or the filter. The proposed observing system simulation experiment is 
demonstrated on the problem of estimating agricultural yield using observations of leaf area 
index and 5 cm soil moisture. It is found that, for a particular crop growth model, a small subset 
(~2) of leaf area index measurements contain almost as much yield-related information as daily 
observations during the growing season. We propose Bayesian interpolation – as opposed to 
Bayesian filtering – for assimilating this small set of LAI measurements. 
 
POLLINATION SUCCESS VARIES WITH FLOWERING TIME IN POINTLEAF MANZANITA 

(ARCTOSTAPHYLOS PUNGENS)  
RAFFERTY, NICOLE1 AND JUDITH L. BRONSTEIN 
1 Department of Ecology and Evolutionary Biology, University of Arizona, Tucson, AZ, nrafferty@email.arizona. 
We explored the relationship between flowering time and pollination success in pointleaf 
manzanita (Arctostaphylos pungens) in a sky island habitat in the Sonoran Desert. Although 
pointleaf manzanita is one of the first plants to bloom in our study area, with flowering starting 
in mid-January, long-term records suggest flowering is shifting later. To determine how 
pollination success varied with flowering time, we used an observational approach that took 
advantage of natural variation in plant phenology. We documented the flowering schedules of 52 
plants in our study population and following the fates of individual flowers throughout the 
season. We also measured visitation rates by potential pollinators. Flowering peaked in late 
February, and, although visitation rates were low early in the season, plants that began flowering 
earliest had the longest flowering periods and produced the most fruit. Thus, higher visitation 
rates near the end of the season did not compensate for the much shorter flowering period of 
plants that started flowering late. Furthermore, fruits produced later in the season tended to 
weigh less and contained smaller seeds. From the patterns we documented in a single season, we 
predict that, if pointleaf manzanita flowering continues to shift later, the flowering season will be 
shorter, fewer total fruits will be produced per plant, and those fruits will weigh less and have 
smaller seeds. 
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DEVELOPMENT OF A CALIBRATED MULTI-SPECTRAL IMAGING SYSTEM FOR HIGH-RESOLUTION 
MONITORING OF LANDSCAPE PHENOLOGY  

SHIACH, IAN M.1, MOHAMED V. KHAIRY, JOEL MCCORKEL, AND DAVID J.P. MOORE 
1 University of Arizona, Tucson, AZ, shiach@email.arizona.edu 
Understanding and predicting phenological changes requires observations at different spatial 
scales. Satellite observations inform regional changes in vegetation phenology but cannot resolve 
different species. Conversely, ground-based measurements of phenological events are labor 
intensive and typically limited to spatial scales much smaller than viewed by satellites. To enable 
comparisons between these two scales, we have designed a calibrated multi-spectral imaging 
system (CAMSIS). The CAMSIS can capture multiple high-resolution images daily from a tall 
tower to quantify phenology over large areas. The CAMSIS is composed of four charge-coupled 
device (CCD) cameras with bandpass interference filters closely matching the spectral properties 
of the MODIS and VIIRS channels responsible for deriving vegetation indices. Reflectance 
imagery derived from CAMSIS measurements is traceable to NIST standards via a Spectralon 
reference. This work presents the CAMSIS design, spectral characterization, Spectralon 
reference characterization, and first results. Future work includes deployment at Biosphere 2 on a 
10-m tower for observation of a small poplar stand and deployment on a 400-m tower in 
Wisconsin for increased observation area at the size of several MODIS pixels.  
 
INFLUENCE OF UNDERSTORY GREENNESS ON TRACE GAS AND ENERGY EXCHANGE IN FORESTED 

ECOSYSTEMS  
SWETISH, JESSICA1, SHIRLEY A. PAPUGA, MARCY LITVAK, GREG BARRON-GAFFORD, AND 

BHASKAR MITRA 
1 School of Natural Resources and the Environment, University of Arizona, Tucson, AZ, 

jswetish@email.arizona.edu 
Forested ecosystems are important sources and sinks of carbon, water, and energy – affecting 
land surface – atmosphere interactions at multiple scales. Understanding how forested 
ecosystems will respond to climate change is critical for quantifying how they will feedback with 
the climate system. Addressing this need is challenging in forested ecosystems because of their 
complex structure and composition, which reflects the different functioning of the main 
overstory canopy and the more seasonal understory. Both eddy covariance measurements and 
remotely sensed products provide ecosystem-scale estimates of trace gas and energy flux, but the 
contribution of the understory to these estimates remains relatively unexplored. Here, we address 
the contribution of the understory to ecosystem-scale carbon uptake. Specifically, we ask: (1) 
what is the contribution of the understory to ecosystem carbon uptake?; (2) does the eddy 
covariance carbon uptake signal (NEE-) reflect the greening up of the understory?; (3) is the 
greening up of the understory captured in remotely-sensed products?; and (4) can remotely-
sensed vegetation products accurately reflect ecosystem-scale carbon uptake dynamics? To 
address these, we compare three years of eddy covariance data from two similar subalpine 
mixed-conifer ecosystems. One site has substantial understory, while the other has very minimal 
understory. Within the footprint of the eddy covariance towers at both sites, three time-lapse 
digital cameras (phenocams) take hourly images of the understory from which a greenness index 
(Ig) is calculated. We show that daily NEE- and Ig are generally synchronized, suggesting that 
the understory may substantially contribute to ecosystem-scale carbon uptake. However, while 
remotely-sensed vegetation indices and Ig are synched at certain times throughout the study 
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period, often they are not. For instance, in 2010 NDVI remains higher for a longer period than 
does Ig. This suggests that relying solely on remotely-sensed products may lead to 
misrepresentation of carbon sequestration by these ecosystems. 
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