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By
Lauren Healey
May 2018
Few studies of Santa Catalina Island’s freshwater balance have been published, and no
studies focus on the evapotranspiration of the island. Water resource management is critical for
Santa Catalina Island due to its year round occupation by residents and tourists who rely on the
island’s freshwater supply. Evapotranspiration is the most difficult component of a water balance
to accurately estimate. To reliably model the water balance of the island, evapotranspiration must
be accurately quantified. During this project, sixteen Landsat scenes from 2001 to 2016 were
analyzed using Geographic Information Systems (GIS). Normalized Difference Vegetation Index
(NDVI) was calculated for each scene and compared to a vegetation map of the island, the aspect
of the island, and the slope of the island. Results indicate that the evapotranspiration of Island
Chaparral and Coastal Sage Scrub is more variable than the evapotranspiration of Grassland, and
aspect and slope have no relationship to the greenness of vegetation.
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CHAPTER 1
INTRODUCTION
Located southwest off the coast of Southern California, Santa Catalina Island (or Catalina
Island) has a Mediterranean climate characterized by warm to hot, dry summers and mild to cool,
wet winters with an average 15 inches of rain per year (Kisi, 2013; Catalina Island Conservancy,
2018a). Few studies of the island’s freshwater balance have been published due to the limited
data available in spite of the critical need to manage water supplies. The island is occupied year
round by residents and tourists who rely on the island’s freshwater supply from Middle Ranch
Reservoir, which has proven to be insufficient in drought years (Villegas, 2017). Unlike the rest
of Southern California, Catalina Island does not import water (Catalina Island Conservancy,
2018b). Southern California Edison owns the water rights of the island and operates two
desalination plants in an attempt to meet the water needs of the island (Mack, 2015).
Due to the historic 2012–2016 California drought, Catalina Island has been placed under
different stages of mandatory water rationing since August 2014 (Mack, 2015). The fresh water
from Middle Ranch Reservoir in addition to the water supplied by the desalination plants proved
insufficient during these years. In August 2014, the island was placed under stage 2 mandatory
water rationing, and residents had to reduce their water usage by 25%. In September 2016, the
island was placed under stage 3 water rationing, and residents had to reduce their water usage by
50%. Since March 2017, the island has been under stage 1 water rationing. Under stage 1 water
rationing, residents have restricted water usage but are not required to reduce water use by a
1

specific percentage (e.g., using fresh water to wash private cars or boats is restricted, serving
fresh water at restaurants is prohibited unless asked for, etc.).
A water balance accounts for evapotranspiration, precipitation, surface water inflow,
groundwater inflow, surface water outflow, and groundwater outflow (Hornberger,
Raffensperger, Wiberg, and Eshleman, 1998). Evapotranspiration is the release of water to the
atmosphere from soil and plants and is often disregarded or improperly estimated due to
complexities when measuring it (Lubczynski, 2009; Serrat-Capdevila, Scott, Shuttleworth, and
Valdés, 2011). Accurately measuring evapotranspiration is especially important in
Mediterranean climates because such climates have variable precipitation, evapotranspiration,
runoff, and storage (Anderson, Jin, and Goulden, 2012). Evapotranspiration varies depending on
“vegetation type and density, soil type and moisture, and local-to-regional meteorological factors
such as humidity and precipitation” (Beamer, Huntington, Morton, and Pohll, 2013). While
quantifying the inflow of water to the island can be estimated, quantifying the outflow of water
from the island is more difficult due to the complexities of measuring evapotranspiration.
To properly estimate Catalina Island’s water balance, evapotranspiration must be
accurately quantified. In order to quantify evapotranspiration, we must understand the island’s
water use by vegetation. Island Chaparral, Coastal Sage Scrub, and Grassland cover the majority
of Catalina Island (Catalina Island Conservancy, 2010). During this project, sixteen Landsat
scenes were collected and analyzed in order to understand which of these three vegetation types
are green (healthy) in drought and non-drought years and if a relationship exists between the
aspect and slope of the island and the greenness of vegetation. With this information, we can
understand the affects Catalina Island’s vegetation has on the evapotranspiration of the island in
efforts to improve future water balance studies.
2

FIGURE 1. Santa Catalina Island location map. Catalina Island is located southwest of Long
Beach, California off the coast of Southern California.
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CHAPTER 2
BACKGROUND
Even though water resource management is vital to efficiently and sustainably meeting
Catalina Island’s fresh water needs, few water balance studies of the island have been published.
Estimating the water balance of the island includes calculating inflowing water, outflowing
water, and storage changes. Lozier (1984) completed a thesis investigating the effectiveness of
evaporation control on Thompson Reservoir (also known as Middle Ranch Reservoir) and found
that evaporation control could effectively increase Catalina’s fresh water supply. However, this
study focused on the water balance of the reservoir rather than on the water balance of the entire
island. Harlow (2018) completed a thesis that used the United States Geological Survey (USGS)
Soil Water Balance model to estimate annual recharge values for Catalina Island from 2008 to
2014. Although this study presents a water balance of the island, it does not focus on the
evapotranspiration of the island and the vegetation types that affect evapotranspiration. Work by
Mertes, Martella, Ruocco, and Bushing (2000) used digital and remote sensing data combined
with GIS to conduct watershed analysis for runoff and erosion potential on Santa Catalina, Santa
Cruz, and Santa Rosa Islands. This study produced potential runoff and erosion rates for Catalina
Island, which are useful for water balance studies. However, calculations were based on data
from the early 1990s, and geomorphic and climatic changes since then may have caused these
values to change. Ruocco (1999) used a hydrologic model based on GIS to study runoff
processes and estimate soil erosion on Santa Catalina Island but produced no useable results.
4

The United States Department of Agriculture and Natural Resources Conservation
Service (2008) conducted a soil survey of Catalina Island, which is useful for studying runoff
rates and storage across the island. A vegetation map of Catalina Island created by the Catalina
Island Conservancy (2010) uses aerial imagery from 2001 to classify the land cover of the island.
These data provide a basis for future water balance studies of the island that should focus on
accurately quantifying evapotranspiration, Quantifying evapotranspiration in an area with mixed
vegetation, such as Catalina Island, is complicated due to the “heterogeneity of plant species,
canopy covers, microclimate, and…costly methodological requirements” (Nouri, Beecham,
Kazemi, Hassanli, and Anderson, 2013). The work presented in this thesis aims to identify which
vegetation should be studied in future research in order to accurately model the water balance of
Santa Catalina Island.
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CHAPTER 3
HYPOTHESES
Island Chaparral and Coastal Sage Scrub are expected to be green (healthy) in drought
and non-drought years and have less variable evapotranspiration than Grassland. Slopes of
different aspect are expected to have different vegetation types. A steeper slope is expected to
have different vegetation than a less steep slope.
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CHAPTER 4
METHODS
Landsat
Sixteen Landsat Thematic Mapper (TM), Landsat Enhanced Thematic Mapper Plus
(ETM+), and Landsat Operational Land Imager (OLI) scenes of Santa Catalina Island, California
were collected for water years ranging from 2003 to 2016 using the United States Geological
Survey (USGS) EarthExplorer (TABLE 1). All scenes are from September of the water year, and
a water year is defined as beginning on October 1 of the preceding year and ending on
September 30 of the water year. Scenes were categorized as drought or non-drought, and these
categories were based on the USGS-defined historic California droughts. Six California historic
droughts occurred according to the United States Geological Survey (2018): from 1928 to 1934,
from 1976 to 1977, from 1987 to 1992, from 2001 to 2002, from 2007 to 2009, and from 2012 to
2016.

TABLE 1. Collected Landsat Scenes
Date

Landsat Type

Year Type

09/25/01
09/02/07
09/10/07
09/07/12
09/23/12
09/05/14
09/08/15
09/24/15

Landsat ETM+
Landsat TM
Landsat ETM+
Landsat ETM+
Landsat ETM+
Landsat OLI
Landsat OLI
Landsat OLI

Drought
Drought
Drought
Drought
Drought
Drought
Drought
Drought
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TABLE 1. Continued
09/26/16
09/07/03
09/01/04
09/25/04
09/04/05
09/28/05
09/23/06
09/26/10

Landsat OLI
Landsat TM
Landsat ETM+
Landsat TM
Landsat ETM+
Landsat TM
Landsat ETM+
Landsat TM

Drought
Non-Drought
Non-Drought
Non-Drought
Non-Drought
Non-Drought
Non-Drought
Non-Drought

The intensity of electromagnetic radiation at the time each Landsat scene was collected
by a satellite is recorded for each pixel in the scene as a digital number (Humboldt State
University, 2014). Conversion of the digital numbers in the collected Landsat scenes to top of the
atmosphere reflectance values followed the methods described by Firl and Carter (2011) and
Chander, Markham, and Helder (2009) for Landsat TM and Landsat ETM+ and by GrindGIS
(2015) for Landsat OLI. Conversions were made in ArcGIS 10.4. The Landsat ETM+ satellite
experienced a scan line error, so scenes past 2003 have bands of missing pixel data. Missing
pixel data in affected Landsat ETM+ scenes was converted to no data values to avoid
inaccuracies during analysis.
Normalized Difference Vegetation Index (NDVI)
Normalized Difference Vegetation Index (NDVI) quantifies the greenness (health) of
vegetation by calculating the difference between the near infrared spectral band and the red light
spectral band (GISGeography, 2018). Vegetation absorbs red light and reflects near infrared.
NDVI ranges from -1 to 1 and is calculated by taking the difference of the near infrared and red
bands divided by the sum of the near infrared and red bands. Negative values represent water,
snow, or clouds; low positive values represent rock or bare soil, and high positive values
8

represent healthy, dense vegetation (GrindGIS, 2015). ArcGIS 10.3 was used to create NDVI
rasters for all dates. A raster is a matrix of pixels organized into a grid, and each pixel contains a
value representing information. A raster representing the mean NDVI for drought years and a
raster representing the mean NDVI for non-drought years was created. A raster representing the
difference between the mean NDVI for drought years and the mean NDVI for non-drought years
was created (herein referred to as “mean NDVI difference raster”) (FIGURE 2). A raster
representing the mean NDVI of all years was created (herein referred to as “mean NDVI raster”),
and a raster representing the standard deviation of NDVI for all years was created (herein
referred to as “NDVI standard deviation raster”). The mean NDVI difference raster was
compared to the Catalina Island Vegetation Communities map (APPENDIX A). Island
Chaparral, Coastal Sage Scrub, and Grassland cover the largest area of the island and were the
focus of this project.
Island Fires
Fires that occurred on Catalina Island in 2006, 2007, and 2011 affect Landsat scenes from
those water years. The Santa Catalina Island Fires 1999-2011 map (APPENDIX B) was digitized
in ArcGis 10.3 and overlain on the Landsat scenes. When comparing the mean NDVI difference
raster and the NDVI standard deviation raster, I found that the areas of largest difference
corresponded to the burn scars from the 2006 Empire Fire, 2007 Island Fire, and 2011 Banning
Fire. For accurate analysis, pixels affected by these fires were converted to no data values. The
pixels representing the Middle Ranch Reservoir were also converted to no data values. The fires
and the Middle Ranch Reservoir have negative NDVI values, which are not representative of
natural vegetation changes from drought to non-drought years.
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FIGURE 2. The difference between mean NDVI for drought years and mean NDVI for nondrought years. The magenta pixels show the areas of greatest difference between drought and
non-drought years.
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FIGURE 3. The affect of three island fires on standard deviation and difference. The areas of
highest standard deviation values and the areas of highest difference values correspond to the
2006 Empire Fire, 2007 Island Fire, 2011 Banning Fire, and Middle Ranch Reservoir.
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Aspect and slope
Lynn Dodd, Su Jin Lee, Lauren Mullarkey-Williams, and Kevin Mercy of the University
of Southern California provided aspect and slope rasters of Catalina Island. The aspect and slope
rasters were created in ArcGIS 10.4 using a 10 m digital elevation model of the island. The
aspect and slope rasters were compared to the mean NDVI raster (FIGURE 4).

FIGURE 4. Comparing mean NDVI to aspect and slope. The pixels in the white areas have no
data values and were not considered in analysis.
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CHAPTER 5
RESULTS
Island Chapparal and Coastal Sage Scrub are green from drought to non-drought years.
Island Chaparral and Coastal Sage Scrub have a higher difference value than Grassland and thus
a higher change in chlorophyll from drought to non-drought years (FIGURE 5). Both aspect and
slope have a weak inverse relationship to mean NDVI. Aspect and mean NDVI have a
correlation value of -0.14280, and slope and mean NDVI have a correlation value of -0.10347.

Change in Chlorophyll
High

Mean Difference (pixel value)

Low
0.08

0.069312027

0.07
0.06
0.05
0.04
0.03

0.04072163
0.028454762

0.02
0.01
0
Grassland
(37,590,808)

Coastal Sage Scrub
(73,917,337)

Island Chaparral
(56,621,196)

Vegetation Type (area in hectares)

FIGURE 5. Change in chlorophyll. The chlorophyll content of Island Chaparral and Coastal
Sage Scrub is more variable than the chlorophyll content of Grassland.
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CHAPTER 6
INTERPRETATIONS
Island Chapparal and Coastal Sage Scrub have larger difference values than Grassland,
which means their chlorophyll content varies more from drought to non-drought years. The
chlorophyll of vegetation absorbs red light through photosynthesis, so a greener vegetation type
(i.e., a higher NDVI value) means a higher chlorophyll content. In any given year, the
chlorophyll content of Island Chapparal and Coastal Sage Scrub is more variable than the
chlorophyll content of Grassland. This means that the evapotranspiration of Island Chapparal and
Coastal Sage Scrub varies more than the evapotranspiration of Grassland. This may be due to the
fact that Island Chapparal and Coastal Sage Scrub have deeper roots that tap into groundwater
during drought years. In contrast, Grassland roots are often shorter, so it may be more affected
by a lack of precipitation. Future water balance studies of Santa Catalina Island should study the
water use of these vegetation types in order to accurately quantify the evapotranspiration of the
island.
Aspect and slope have no strong relationship with NDVI. The distrubution of green and
less green vegetation on the island is not affected by the slope or aspect of the island. Vegetation
growth patterns are likely more complicated and may be affected by wind patterns or other
factors that cause uneven precipitation patterns across the island. This should be studied in future
research in order to better understand the distribution of vegetation on the island and how it
affects water balance components such as runoff and infiltration.
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