SPACE, TIME AND STABILITY: Investigating Landscape Responses to Climate Variability in the Southwest

ABSTRACT
Landscape stability and resilience can be conceived as the ability of
o resist and

Remote sensing and climate data sets are a useful source of information
for investigating landscape-scale spatiotemporal variability in landscape
parameters, a necessary first step for understanding the stability and
resilience of vegetation communities across a landscape. This study
demonsttes ha suh andscapeparameters an hve long emporal
pei than 1000 years)

ettlements and e
cotimaes senerted om modom remot sesing doa

‘When coupled with climatic data, spatiotemporal data on vegetation
productivity permit investigation of the spatial and temporal scales at
which change occurs, and the spatial and temporal lags between climatic
variability and ecosystem response. These spatial and temporal lags are

portant factors for modeling human perceptions of and responses to
climate and ccosystem change.
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INTRODUCTION

In this study | use various spatial and temporal analyses to investigate the highly variable
landscape of the Mogollon Rirm arca. The project location is indicated in the figure t0 the.
right. In the arid and semi-arid southwest, water and temperature are limiting factors for
e N e T

Tesoure productiviy at landscape scle Nommalied Difference Vegelmum Index
(NDVI) data are used, which is a ratio of Red and Infrared wavelen

NDVI is useful for several P e t s ratioing
et 3 Fctvely limisaea the cfeceof stmosgherc scatiring. Second, NDVI i
direetly related to biomass and to vegetation health. Finally, NDVI data are readily
available for litle or no cost at the scale used in this study. Data from 1989 through 1994
were selected for analysis, because the study area during this time period experiences both

Climate variables 1989 - 1994

~ Aug 1990), and a severe wet period (May 1992- Aug 1993),
as shown in the PDSI time scrics plot to the Ief

«Satellite Data: National Oceanographic and Aeronautical Administration (NOAA) Tkm
resolution Advanced Very High Resolution Radiometer (AVHRR) NDVI monthly
composite data, spanning in time from January 1989 until September 1994, NDVI data
are already calculated and come georegistered to NAD27 Datum in UTM format.
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sources. These data provide fine resolution data on site locations (usually at an accuracy
of < 100m) Drto multiple sites being recorded in a single arca, the site location data
were resampled to a 1km resolution grid of site presence or absence. ninimized the
swamping effects that otherwise resulted in the analyses, and are the result of intensive

irveys where dozens of small sites and artifact scatters are recorded in arcas covering less.
than just a few kilometers squared.

ANALYSES USED IN STUDY
Principal Components Analysis: This s an important first stage of analysis, providing (in
this case) primarily qualitative information on seasonal variability in vegetation patterns.

Time Series Analysis: This analysis provides information on temporal patiering in the
data, as well as the lags between the various data sets. This information s important for
determining the temporal lags between climate and landscape productivity.

R st safsi provide nforamtion o0
the spatal lags over whic changes in productvity and landscape il
values can play an important role in modeling prehistoric landscape us:

TIME SERIES ANALYSIS (TSA): Determining Temporal Lags of Relevant Variables

PRINCIPAL COMPONENTS ANALYSIS (PCA):  Linking

Pattern to Process

(s e ol s e it e eyl the PCA. Aside i
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Mogollon | areas) of high producivity in the fall month, and Tow productity m the spring
inverse of the previous image.

PC2 shows an important seasonal cycle in upland and irrigated areas (lighter colored

I vegetation the landscape

months. PC3 shows a eyelical as well as linear trend, that also appears to be a near
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ameasure of total productivity over the course of Spring. Strong cyelical
iheyear,and i simia 0 a time integrated NDVI loadings graph. Spatial

Principle Component 3: Brown in Summer, green

pattern in compone in Winter. The graph indicates a cyclical pattem of

Iy the arasthat [ mﬂch low NDVI in May-July, with gencrally high level
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e Mogme.. Spatially reflected by SW-NE trend, and upland-

along the Mogollon Rim and mount uth of the lowland trend.
Gila River.
PCA RESULTS SUMMARY:
iple comp and three show useful rpreting the resuls of the other analyses. The patterns
identified Jphysical processes at the scale of| Upland and irrigated in NDVI values
across time. Another tem is apparent in the third S of winter pr summer lack of productivity.
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This area of the southwest displays a spatial lag of approximately 100km in shows that precipitation in the st several months strongly drives PDSI
/ diversity of NDVI values. From a human perspective, this indicates that one would
S U U S have to travel on average 100 ki to reach an area whose vegetation behaves in
i 1000 200x fundamentally different ways (i.c., highly variable versus highly stable vegetation RO REAE
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‘ Biotic Communities Chi-Squared Test, All sites

Hy: Sites are randomly distributed across all
three categories.

H,: Sites are not randomly distributed across
oo || allescagore.

Relative
NDVI
Stability | OBS | EXP
High | 98 [135.0] ChiSquared:54.2
Average | 891 |806.1 a2 |
Low | 25 |77.0| alpha(01)] 92 |

RESULTS:

Since X% > alpha (54.2>9.2), the null
hypothesis H, s rejected at the 0.01 level.
F—— . Prehistoric sites are not randomly

e s ey S elons s et et o e e ety SN 2 distrbuted with respect to modern satelite-
radius cirele around the site. Red-high, white-average, ersity. There are based measures of NDVI diversity.
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APPLICABILITY RESULTS:
The data information the long term. a useful addition to studies of past
landscapes. that tes pattemn non- respect 1o pr measured by NDVI

data,

PROSPECTS FOR FUTURE STUDY
‘The results of this study are encouraging, pointing the
way to potentially productive future analyses.

addition o further investigation of spatial scaling
factors, futare work should better investigate the
temporal relationships among climate variables. Once.
these are better understood, it may be possible 1o use.
dendroclimatic data as climate proxy o project
productivity estimates into the past.

Productivity and Pre of Biomes versus Site Density

Another promising research avenue involves a
investigaion of the spatial and temporal lags within
individual biotic communities. In this study, I ignored
variation within biotic communities, and analyzed the.
data across the whole study arca. However, as the
araph to the right shows, there are some potentially
important differences in the pattemns of producivity
(mean NDVI) and stability (NDVI diversity) between
different vegetation communities, and this seems 10 be
relevant to the study of prehistoric land-use patterns.

‘This research is an important first step in examining
the resiliency of landscapes. This would be
accomplished by applying these techniques to pre-

anar or climate-induced) or post-recovery data sets. Since

“This graph displays the density of archacological sites with respect to Mean NDVI and NDVI Diversity by biotic
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e e ind higher clevation
Communites on the right half. Intresingy,th lower clevarion communite are characerized by higher mean
productivity, it ower diversity of values. whilthe higherclevtion communies e chrsetrized by the pesie
pattern, with lower m time.
‘mean p "

different sizes and at multiple scales, this study can
serve as a guide to research on landscape stability and
resilience in many settings.




