
Contra Costa ART Appendix A 
	
  

GIS Exposure Analysis 
	
  
The aim of th is appendix is to famil iar ize the reader with the data and methodology used to 
conduct an analysis of shorel ine and community asset exposure to sea level r ise and storm events 
for the Contra Costa County Adapting to Ris ing Tides (ART) project. This analysis was conducted 
using a Geographic Information System (GIS). GIS is an ideal tool to support sea level r ise 
adaptat ion planning because it  can both perform spatia l  analyses and produce maps to v isual ize 
results. Of notable importance is that access to technology, data avai labi l i ty, scenario select ion 
and the number and type of asset inf luence the analysis design and the type of data results 
produced.  The methodology descr ibed below was developed to understand the current and future 
r isk of a wide var iety of assets, including roadways, residences, industr ia l  propert ies, publ ic 
faci l i t ies and community members. In addit ion, the analysis invest igated the exposure to both 
current f looding and six future f looding scenarios. Because areas at r isk from current f looding may 
also be at progressive r isk from future f looding, the analysis method was specif ical ly developed to 
understand the combined and separate exposure to the f lood scenarios. For a contrast ing 
methodology can refer to the ART Pi lot Project - ART Vulnerabi l i ty and Risk Assessment Report 
Appendix C. ART GIS Exposure Analysis - September 2012 
(http://www.adaptingtorisingtides.org/wp-­‐content/uploads/2014/12/ART_GIS_ExposureAnalysis.pdf)  
	
  

Sea Level Rise Inundation Data 
	
  
To inform an understanding of exposure in the Contra Costa County ART project sea level r ise 
inundation scenarios developed by NOAA’s Coastal Services Center1 for s ix water levels were 
selected. ART project staff  used the maps and underly ing data to examine the vulnerabi l i ty and 
r isk of var ious assets to the fol lowing six water levels: 

 

§ 12” sea level r ise + dai ly h igh t ide (mean high higher water, MHHW) 

§ 24” sea level r ise + dai ly h igh t ide (mean high higher water, MHHW) 

§ 36” sea level r ise + dai ly h igh t ide (mean high higher water, MHHW) 

§ 48” sea level r ise + dai ly h igh t ide (mean high higher water, MHHW) 

§ 60” sea level r ise + dai ly h igh t ide (mean high higher water, MHHW) 

§ 72” sea level r ise + dai ly h igh t ide (mean high higher water, MHHW) 

 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1 https://coast.noaa.gov/dataregistry/search/dataset/ info/slr 

http://www.adaptingtorisingtides.org/wp-content/uploads/2014/12/ART_GIS_ExposureAnalysis.pdf


The data for these six maps was further merged by Associat ion of Bay Area Government (ABAG) 
GIS staff  to produce a s ingle layer2 that was used in th is exposure analysis.  ABAG used the NOAA 
layers to create a geospatia l  resource wherein each sea level r ise scenario extent was separated 
from the other f ive scenarios, creat ing a layer where the inundation for each amount of sea level 
r ise is uniquely ident i f ied, for example areas exposed to 5 feet of sea level r ise are not a lso shown 
as exposed to 4 feet of sea level r ise, and so on. This new layer s impl i f ies the determinat ion of 
exposure to the dif ferent water levels and reduces the processing and data handl ing necessary.  

 

In addit ion, the analysis methodology ident i f ied assets located in a “disconnected low-ly ing area” 
adjacent to each of the six sea level r ise inundation scenarios. Disconnected low-ly ing areas are at 
an elevat ion below the sea level r ise water level but are not current ly hydraul ical ly connected to 
the inundated areas due to protect ion by levees or other topographic features. Whi le these areas 
are at lower r isk of f looding due to shorel ine overtopping or over land f low, which is c losely l inked 
to the condit ion of the adjacent topographic protect ion, they are at r isk of f looding from back ups 
and lost capacity of the stormwater infrastructure that serves them. Therefore, i t  is important to 
map these areas and calculate exposure separately because the r isks that are ref lected are 
dif ferent, and therefore the solut ions may also be dif ferent.  
	
  

FEMA National Flood Hazard Layer Flood Risk Data 
In addit ion to the s ix NOAA sea level r ise inundation scenarios, FEMA’s prel iminary Flood 
Insurance Rate Maps (FIRMs) dated January 20163 were used to ident i fy assets with in a Special 
F lood Hazard Area (SFHA).  SFHAs are def ined as the areas that wi l l  be inundated by a f lood event 
having a 1-percent chance of being equaled or exceeded in any given year. The 1-percent annual 
chance f lood is a lso referred to as the base f lood or 100-year f lood.  Assets were analyzed against 
th is layer to determine the potent ia l  exposure to current f looding as a complement to the analysis 
of future f looding. 
	
  

Shoreline and Community Asset Data 
Exposure to current and future f looding was completed for the major ity of the asset categories 
assessed. Asset categories that lacked geospatia l  data or where v isual inspect ion was an 
adequate approach due to the l imited number of assets were not included in the GIS exposure 
analysis (see Table 1).  
	
  

TABLE 1. ASSET CATEGORIES, DATA FORMAT AND SOURCES USED IN THE ART GIS EXPOSURE 
ANALYSIS. 

Sector	
   Asset	
  Category	
   Data	
  Source	
   Format	
  
Business & Commercia l  Contra Costa County Assessors Data Polygons 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
2 http://resi l ience.abag.ca.gov/open-data/ 
3 The prel iminary FIRMs became effect ive in September 2016 with only minor revis ions that did not 
s ignif icant ly change the exposure analysis f indings. 



Industry Industr ia l  

Hazardous mater ia l  
faci l i t ies 

Contra Costa County Health Services Points 

Contaminate
d Lands 

Landf i l ls No spatia l  data used   

Brownfie lds State Water Resources Control 
Board’s Geotracker Points 

Energy 

Power generat ion 
Cal i fornia Energy Commission Points  

Power distr ibut ion 

Ref iner ies Contra Costa County Assessors Data 
and ESRI World Imagery (2012)  Polygons 

Pipel ines Cal i fornia Energy Commission Lines 

Ground 
Transportat io
n 

Roadways 
Metropol i tan Transportat ion 
Commission 2011TeleAtlas Lines 

Rai l  l ines 

Housing 

Single 

Contra Costa County Assessors Data Polygons Mult i fami ly 

Mobi le homes 

Natural Areas Tidal wet lands 
San Francisco Estuary Inst i tute’s 
EcoAtlas and ESRI World Imagery 
(2012) 

Polygons 

Parks and 
Recreat ion 

Regional parks Cal i fornia Protected Areas Database 
and ESRI World Imagery (2012) 

Polygons 

City parks Points 

Marinas No spatia l  data used  

Bay Trai l   Associat ion of Bay Area Governments Line 

People 

Populat ion U.S. Census Bureau Decennial 
Census 2010 Polygons 

Households 
U.S. Census Bureau Decennial 
Census 2010 Polygons 

Community Indicators 
U. S. Census Bureau American 
Community Survey 2010-2014; Center 
for Neighborhood Technology 

Polygons 

Publ ic 
Services 

Pol ice Stat ions Homeland Security Infrastructure 
Program (HSIP) database 

Points 
Fire Stat ions 

Contra Costa County Health Services 
and Department of Conservat ion and 
Development 

K-12 Schools 

Publ ic Healthcare 
Faci l i t ies 

Waste Col lect ion No spatia l  data used  



Seaport and 
Marine Oi l  
Terminals 

Port of Richmond No spatia l  data used   

Marine oi l  terminals No spatia l  data used   

Water 
Management 

Water supply No spatia l  data used   

Wastewater serv ices Contra Costa County Assessors Data 
and ESRI World Imagery (2012)  Polygons 

Flood Control No spatia l  data used   

Stormwater City of Richmond Publ ic Works Lines 

	
  

Analysis Methods  
Inundation vector f i les were used to analyze the exposure of selected assets represented as 
vectors in point, l ine, or polygon format (see Table 1) to current and future f looding using ESRI’s 
ArcMap Version 10.1 with the Spatia l  Analyst extension.  The pr imary geoprocess used in the 
analysis was the Spatia l  Join funct ion.  By using this geoprocess the asset could be jo ined to the 
f lood scenario layer and maintain al l  the data with in the or ig inal asset data set as wel l  as hazard 
layer for further processing whi le a lso being able to document which combinat ion  of current and 
future f looding the asset was exposed to.  I f  part icular assets were not exposed to certa in 
scenarios the Spatia l  Join geoprocess would return a “Nul l”  value for the exposure.  

 

The goal of the analysis was to ident i fy assets that were either total ly or part ia l ly with in areas that 
could be f looded either today and/or with sea level r ise, and to determine the scenario at which 
the asset would be subjected to potent ia l  f looding. Below is an overview of the three data formats 
and how the data was conf igured. 

Points – A 25-meter (82-feet) buffer using the ArcToolbox Buffer tool was created around 
the point locat ions to approximate the footpr int of the asset and to account for any 
potent ia l  spat ia l  error in i ts exact locat ion. Example asset categories with point data 
included schools, pol ice stat ions and hazardous mater ia l s i tes. Using ArcToolbox -> 
Analysis Tools -> Overlay -> Spatia l  Join tool (F igure 1),  assets (target features) were 
spat ia l ly jo ined to a current (NFHL) or future f lood (SLR) layer. The result ing f i le (output 
feature class) from this process contained asset point data for each current and future 
f lood scenario evaluated.  

L ines – A 5-meter (16-feet) buffer was created to more accurately depict the footpr int of 
l inear assets including roadways and rai l  l ines. The analysis was conducted in two phases 
because in creat ing the buffer the data was converted to a polygon, and it  was not 
possible to calculate the length of the result ing polygon using the Calculate Geometry 
funct ion. Therefore, the in it ia l  analysis used ArcToolbox Intersect tool (F igure 2) to analyze 
the over lay between the buffered l ine data and the current and future f looding data. This 
analysis determined the length of asset exposed (e.g., road miles) to each of the current 
and future f lood scenarios separately, therefore i t  was not possible to discern which l inear 
asset segments were exposed to current f looding only, future f looding only, or a 
combinat ion of current and future f looding.  



Polygon – Polygons were used to analyze assets with larger footpr ints such as land use 
parcels, wastewater faci l i t ies, and ref iner ies. ArcToolbox – Spatia l  Join tool (F igure 1) was 
used to determine i f  the asset footpr int was exposed.  Inundation depth was not 
determined using this method, nor was proport ion of polygon exposed in contrast to 
previous ART project approaches.  This method was selected to make better use of the 
data layer produced by ABAG and it  a l lowed for a quicker determinat ion of which assets 
were exposed to each water level and also al lowed for the analysis to include exposure to 
both current and future f looding. 

Polygons were also used to analyze populat ion and household exposure, using data from 
the 2010 U.S. Census at the block level4.  The block is the smal lest avai lable geography for 
Census data, and provides for a more accurate est imate of exposure. Using the ArcToolbox 
Intersect tool (F igure 2), census blocks were intersected with the SLR, NFHL, and low-ly ing 
polygons. The area of the census block that was contained with each hazard was 
calculated using the Calculate Geometry funct ion, and then the total area of the census 
block was used to generate a percent of the block exposed. This percent was appl ied to 
the populat ion and household counts contained in the 2010 census blocks, and then 
totaled by Census Designated Place.    

	
  
A more detai led diagram of the process used in analyzing exposure for points and polygons is 
descr ibed in Figure 3. 

	
  

FIGURE 1. SPATIAL JOIN 

	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
4	
  The	
  data	
  used	
  in	
  the	
  exposure	
  analysis	
  is	
  from	
  the	
  2010	
  Census,	
  and	
  represents	
  a	
  “point	
  in	
  time”	
  count.	
  Data	
  
that	
  are	
  more	
  recent,	
  and	
  have	
  more	
  detailed	
  information,	
  have	
  been	
  collected	
  since	
  2010	
  through	
  the	
  
American	
  Community	
  Survey	
  (ACS).	
  



FIGURE 2: INTERSECT TOOL 

	
  
A more detai led diagram of the process used in analyzing exposure for points and polygons is 
descr ibed in Figure 3 below. 
	
  
	
  

 

 

 

 

 

 

 

 

 

 



FIGURE 3. DETAILED SPATIAL JOIN PROCESS FOR VARIOUS SCENARIOS 

	
  
	
  

Recommendations and Considerations 
	
  
When conducting a mult i-scenario / mult i-asset GIS-based exposure analysis there are a few 
issues to consider.  

§ Acquir ing, creat ing and managing geospatia l  data is extremely t ime consuming. Al low 
adequate t ime to acquire, create and manage GIS data.  

§ I t  is important to test a few analyt ical approaches to f ind one that is appropriate for the 
data and is consistent with the project goals. Reach out to peers and GIS experts to 
troubleshoot problems.  As data (both hazard and asset) formats and accuracy changes the 
procedures and geo-processes used in the analysis change considerably as wel l .  

§ Structure the data and data output so i t  can easi ly be exported into other formats include 
spreadsheets or databases for use in assessing vulnerabi l i ty.  This Contra Costa exposure 
analysis required substant ia l  use of Microsoft Excel for post processing data.  Not only 
were the combinat ions of current and future f looding dist inct from ear l ier analysis, but a lso 
the assets studied (e.g. Land Use -> Industr ia l-> Heavy Industr ia l ,  L ight Industr ia l ,  
Research Park, Vacant) required a substant ia l  amount of data manipulat ion.  



In each of the steps required for desktop analysis, from data acquis it ion through desktop analysis 
to spreadsheet post processing is an opportunity for error and therefore i t  is important to have a 
standardized QA/QC workf low establ ished to avoid mistakes or oversights given the quant it ies and 
mult ip le formats of data. 


