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EXECUTIVE SUMMARY
Urban agriculture has increasingly become a topic of plan-
ning discourse, and rightfully so. Urban ag not only has 
positive impacts in areas where planning strives to make 
improvements -public health, recreation, adaptive reuse and 
renewal- but at its core also relates to planning’s fundamen-
tal activity; land management. This report is focused on the 
latter, and examines how local governments can harness the 
power of GIS tools to aid development of urban agriculture. 
This report presents a methodology for GIS analyses of land 
suitability for urban ag, and then applies these methods to 
create a land inventory and analysis tools for the City of 
Madison, Wisconsin.
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INTRODUCTION
Urban agriculture has long been a feature of American cities, 
serving as both a means of ensuring food security and pro-
viding a leisure activity. Within recent years, urban ag and 
community gardens have seen in increase in popularity (an 
87% increase in Madison households with plots since 2006 
according to the Community Action Coalition for South 
Central Wisconsin). As cities begin to recognize a want for 
such amenities there becomes a need to identify suitable 
land for development. This type of geographical question 
is precisely the kind of scenario that’s perfect for the use of 
geographic information systems as an analytic tool, and in-
deed such an approach has been undertaken in numerous 
cities. This report presents a framework for conducting a 
GIS-based analysis for inventorying and evaluating poten-
tial sites in the City of Madison, Wisconsin. In conducting 
this analysis, it is also the aim to develop a methodology 
that can be used or adapted by other local governments. 
GIS is an ideal asset in efforts to encourage urban agri-
culture for a multitude of reasons. Maps provide a cru-
cial sense of context and make data easily digestible for 
the general public. In the case of urban agriculture, pub-
lic involvement is everything and the ability to pres-
ent information in a relatable manner is of great benefit. 

The intent of this project was not only to produce an inven-
tory and analysis of possible sites, but to do so through a 
methodology that is accessible. What is meant by an acces-
sible methodology is one that relies only on data that will 
likely be readily available to local governments, as well as one 
that can be completed without a need for resources beyond 
the programs in the ArcGIS suite. Ideally then, an easy to 
use method can be used directly or adapted by local govern-
ments or non-profits that want to drive the growth of urban 
agriculture but may need to do so with limited resources.

LAND INVENTORY
Urban agriculture can take many forms and as such it is dif-
ficult to develop a conclusive inventory of sites of all kinds. 
For the purposes of this project, the land inventory is one 
that has sites appropriate for larger sized public commu-
nity gardens that fall under the zoning code’s minimum 
area of 15,000 square feet for being zoned as Urban Agri-
culture. This minimum area would accommodate roughly 
30 standard-sized plots (estimated to be 400 ft2). Resourc-
es for smaller scale efforts will be also be discussed later. 
In a nutshell, the inventory accounts for confounding fac-
tors from the law, natural environment, and the build en-
vironment that would prevent use for urban agriculture, 
and identifies sites that are not ruled out by these criteria.

LegaL RequiRements

The inventory is ultimately based on tax parcels as the base 
input to which the processing in ArcMap was applied. Us-
ing tax assessments, all vacant parcels were first extracted. 
Vacant parcels were defined as those that had both assessed 
and improved values of $0, according to 2014 assessment 
records. Using ArcMap’s Join tool, zoning data was then 
added for all vacant parcels. The first of several assumptions 
was made at this stage; that parcels zoned for commercial 
or industrial uses would be reserved for development by the 
City. Though certainly some of these properties would have 
been suitable for gardens, it is assumed that potential growth 
of the tax base is always preferable. Thus all parcels with 
non-residential uses were eliminated from the inventory. 

natuRaL enviRonment

Environmental constraints were few, but still a very im-
portant component of this analysis. First, Natural Re-
sources Conservation Service soils data was used to de-
termine the drainage capabilities. Soils with dominant 
condition drainage classes falling below “moderately 
well drained” were deemed unfit for large garden sites.
The NRCS dataset contains a slew of information on sub-
jects beyond drainage including soil type, hydrologic class, 
and estimates of yield, among others that could be appropri-
ate for inclusion in similar analyses. In the creation of this 
inventory, these data were not used. The rationale and as-
sumptions for these exclusions are as follows; first, that the 
goal of this inventory is to identify the greatest amount of 
land possible for community gardens. Drainage capabilities 
are comparatively more rigid to correct for than something 
like a less than optimal soil type, which can be augmented 
by use of fertilizers or by laying new topsoil. Whether or 
not these costs are realistic would be something for the City 
to decide, and the intended purpose of this inventory is to 
be very literal in answering the question of whether a site 
can support a community garden. Soil types may also better 
support particular plants over others, and so developing an 
index to show suitability, while very possible, is something 
that would ideally incorporate public feedback regarding the 
most desired crops. Additionally, it was assumed that most 
sites will likely have soils that will at least accommodate gar-
dening. Generally speaking, Wisconsin’s soils are amenable 
to agriculture and there’s certainly no shortage of evidence 
of it in Dane County. In less arable regions this is certainly 
a factor that needs inclusion, which is easily accomplished.

Slopes were the second environmental factor incorporated 
into the methodology. Using a LIDAR-derived digital el-
evation model, slopes were calculated for land within the 
City. Madison is fortunate to have LIDAR data available 
as its resolution is fine (5 meters in this instance) which 
helps in creating the most accurate maps possible. Such 
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data may not be available for other municipalities, though 
a raster-based DEM of any resolution is sufficient with the 
caveat that accuracy will diminish. Inclination was capped 
at 15%, above which gardens would likely need means of 
erosion control. Slopes were reclassified into two categories; 
those at or below the 15% threshold and those exceeding it. 
The latter areas were then erased from the vacant parcels.

BuiLt enviRonment

Compared to the natural environment, factors related to 
the built environment factored much more heavily into the 
creation of the inventory for obvious reasons. Vacant land 
is surprisingly plentiful for a setting such as Madison, how-
ever as one would expect, finding land suitable for this size 
of community garden is a challenge in any built-up area.

The clear first step in accounting for the built environment 
was to deal with the buildings themselves. Initially, using 
data from Dane County’s Land Information Office, building 
footprints were erased from the vacant parcels. It should be 
noted that building footprints may not be available to all mu-
nicipalities in a GIS format. Unfortunately, this data is an im-
portant component of this analysis. While it is possible to fol-
low the methodology for creating an inventory of land as laid 
out in this report without building footprint data, doing so 
would require a much more involved process of hand digiti-
zation of areas to be excluded, and would likely be infeasible.
The initial erasure of building footprints resulted in many 
parcels in denser areas being split or fragmented. To address 
this problem the Multipart to Singlepart tool was applied, di-
viding the fragments that were still being recognized as a sin-
gle area by ArcMap into separate parcels, which could then be 
filtered out by size. However this process did not capture all 
of the fragmented parcels, as many were continuous, though 
oddly-shaped, polygons. As a result, many parcels still met 
the minimum area requirement but were clearly not suitable 
for gardens. For example, ornamental lawns and setbacks 
could connect and sum to be above the minimum area cutoff 
despite being comprised of many segments being only 10 feet 
wide. Additionally, it is assumed that front yards and setbacks 
are not areas where gardens are desirable. Through a process 
of trial and error, a 40 foot buffer was settled on, and applied 
to buildings before erasing them from parcels. This distance  
assured that in denser areas the buffered areas between build-
ings would bleed into each other and prevent the erroneous 
plots described. The buffer also functioned well at preventing 
front lawns and other areas likely to be devoted to landscap-
ing from being included, while still preserving back yards.
 
Preserving back yard areas was desired as the vacant parcels 
revealed that many subdivisions featured adjoining back 
yards not belonging to homeowners that would be ideal 
for gardens (and indeed some were already being used for 
this purpose). A close look at the parcels in subdivisions 
also revealed that many were platted though did not have 

anything built yet. It was decided that these parcels would 
not be removed from the inventory on this basis alone. As 
stated, the intent of the inventory is to present all possi-
ble land, and though platted, without buildings present it 
would not be assumed that development was guaranteed.
In addition to the buffered building footprints, impervious 
surfaces were also removed. Again, GIS data showing all 
impervious surfaces may not be available in some areas. In 
this case, this data played a minor part in the analysis. The 
building buffers captured obstacles like sidewalks and drive-
ways in most cases, and in general where these features were 
missed by the buffer they represented a miniscule fraction 
of the parcel that could be removed by hand and have very 
little effect on the overall area. Roads and paths were also 
addressed through other, more common data. The benefit 
of having this data was mostly realized in park areas where 
features like basketball courts or tracks were removed, which 
otherwise would have required hand digitization for removal.

Streets were dealt with using data from the Madison Area 
MPO. Street centerlines in the form of polylines were buff-
ered by their total widths including rights of way. This buffer 
served both eliminate the streets themselves and but more 
importantly to remove rights of way and grass medians that 
were large enough to avoid being filtered out by area. Oth-
er transportation features such as rail lines and bike paths 
also came in the form of polylines and were buffered at a 
constant 40 and 20 feet, respectively. These distances were 
selected discretionarily, being estimates of the safe clearance 
needed in addition to the width of the features themselves.

After erasing these features, the data was given a final clean-
ing by converting all polygons to single parts and removing 
those with less than 15,000 square feet of area. However, this 
was not the final step in creating the inventory. While the 
above methods removed many of the obstacles that would 
render a garden impossible, it isn’t possible to conceive of 
or have data for all impediments. Therefore as a final com-
ponent of the assessment, sites were analyzed visually. Using 
ArcMap’s imagery basemap combined with ancillary data 
from Google Maps, the remaining sites were gone through 
one by one and checked for unforeseen obstructions.

First, the remaining parcels were combed through for 
those that could be deleted completely. These includ-
ed those that were mostly water, retention ponds or oth-
er drainage structures, completely made of forested land, 
or athletic fields. Following this, parcels were again gone 
through one by one, this time using Editor to modify those 
that had incompatible features but were not dominated by 
said obstructions. After trimming, parcels were given a fi-
nal conversion to singlepart polygons and filtered by size 
to remove any that had lost too much area in this process.

ResuLts
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Figure 1. Inventory of Potential Community Garden Sites, Madison, Wisconsin.

The final total of potential sites came to 344, ranging in size 
from just over 15,000 ft2 to more than 4,000,000 ft2, with a 
mean of 156,278.17 ft2. This works out to over 300 standard 
20’x20’ plots per site on average. The figure below shows the 
geographic distribution of potential sites. Unsurprisingly 
the land is clustered at the edges of development, though 
there are still a handfull of sites on the isthmus. See Appen-
dix A for greater detail.
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SITE ANALYSIS
shadow modeLing

In an earlier iteration of this project, the use of LIDAR data 
was explored as part of generating a three dimensional mod-
el of the city from which to conduct shadow studies. Theoret-
ically, LIDAR is ideal for this purpose however it proved to 
be quite problematic, at least in the case of Madison. LIDAR 
data comes in the form of a cloud of points in three dimen-
sions, data collected by a sensor mounted to a plane which 
flies multiple laps over the target area. This gives LIDAR the 
potential of being extremely detailed, and as it is already in a 
3D format, seemingly perfect. However this method of col-
lection also makes LIDAR very costly. More than likely, the 
average small to medium sized city will not only lack LIDAR 
data, but also the budgeting to ever acquire it. This alone was 
reason to seek a more accessible methodology, as per the goal 
of this project, though there were other concerns as well.

Because of its expense, the most current LIDAR data for 
the City of Madison is already nearing a decade old. Obvi-
ously this represents a serious issue if wanting to generate 
a model of the City, as we are interested in the City as it is 
today. Because of the data’s age, it is also comparatively low 
resolution. At one meter between points, buildings are cap-
tured crudely compared to the building footprint data that 
the City also keeps. LIDAR data suffers most of all because 
it is exotic, and while more recently collected LIDAR data 
may do a very good job of capturing the urban form, it re-
quires specialized knowledge to interpolate the point cloud 
and produce useable 3D models from which a shadow anal-
ysis could be derived. Realistically, it is unlikely that the re-

sources necessary would be devoted to something like ur-
ban agriculture for many cities. Therefore it was necessary 
to develop a new methodology that was both simple but still 
resulted in an analytic tool that was reasonably accurate.

For this simplified method, only three kinds of data are 
needed. First are building footprint polygons. As previous-
ly discussed, these may not be extant for all municipalities. 
While the land inventory may be completed without such 
data, building footprints provide the basis for the shadow 
analysis. Second and third are zoning data, both a zoning 
map in GIS format and a copy of the current zoning code.
Using the Join tool in ArcMap, zoning information was 
added to the attributes of the building footprint shapfile. 
With each footprint now including its zoning type, the data 
could be exported as a .DBF for manipulation in Excel. 
The building footprint shapefile contained information on 
the usage, and this combined with the zoning type made it 
easy to then look through the zoning code and determine 
the maximum allowable height for buildings of any use 
in a given zoning type. See Appendix B for these values.

In order to model shadows accurately in ArcScene, build-
ings must first be made to sit correctly on the landscape. 
This requires a fairly complex process of converting the 
2D polygons into 3D polygons, and then burning the poly-
gons into a DEM. Thankfully, ESRI has released tools to 
accomplish this process that are freely available on their 
website and can be easily adapted to work with the ap-
propriate input data just as in this case. Once the building 
footprints sit on top of the land, they can be extruded us-
ing the field with the height limits that were previously de-
termined. This process must also be applied to the land in-
ventory, so that shadows can be correctly cast onto them.

Figure 2. Results of Zoning-Based Building Modeling, Northeast View Facing Capitol Square.



5

Shadows are generated using the Sun Shadow Volume tool. 
Parameters for this tool allow the date and time of shad-
ows to be set, along with the interval for which shadows 
will be calculated. This tool can then be run several times 
until all daylight hours are covered, according to interval 
duration. Multiple iterations per day allow the movement 
of shadows to be tracked. The tool outputs the shadows as 
3D shapes. In order to create a composite of daily shad-
ow cover, these 3D shapes must be converted to 2D. First 
the 3D Intersect tool is used to capture the areas where 
shadows overlap the plot. Then, the Multipatch Footprint 
tool transforms the 3D shadows into two dimension-
al polygons that depict the area in shadow on the ground. 

These polygons may be informative enough, though the 
analysis can be taken a step further by calculating total 
daily shadow cover. First the polygons need to be convert-
ed to rasters, with the Feature to Raster tool. This tool re-
quires an input field from which to take the values of each 
raster cell. This value must reflect the time interval input 
into the Sun Shadow Volume tool initially, and is added 
manually. As long as these conditions are true, rasters can 
then be summed using the Cell Statistics tool. This creates 
a final raster image with pixel values that correspond to 
the number of hours that a pixel will be covered in shadow.

The figures to the right illustrate the process being carried 
out for a potential site that was identified at the Eagle Heights 
complex. Because of the processing requirements for gen-
erating shadows, the analysis realistically must be done for 
each site individually. In this case, the buildings immediate-
ly adjacent to the plot were exported as their own shapefile 
to ensure quick processing. For areas with uniform building 
heights, it’s likely that this approach is sufficient, however a 
buffer may need to be used in areas with varying heights in 
order to capture the effects of taller structures. For shadow 
studies in urban areas, ESRI’s own analyses use a 1000’ buffer.

It should be noted as a caveat of this analysis that only 
buildings are comprehended as a factor. The results must 
be taken with a grain of salt as other obstacles –trees pri-
marily- do not weigh into the results and are obviously an 
important consideration. The buildings themselves are also 
not 100% true to life. Extruding the building footprints al-
lows for relatively simple polygons, which make processing 
less intensive, at the expense of generalizing every build-
ing to be boxy with a flat roof. Buildings are also modeled 
at their maximum allowable heights, though while this may 
not be totally accurate, it is in some ways an advantage as 
it the shadow analyses remain accurate even if parcels are 
redeveloped with taller buildings. Unfortunately, there 
is no way around these caveats for a code-based mod-
el of a city, though this option remains tremendously eas-
ier and less expensive than using something like LIDAR.

1: Adjacent buildings selected.

2: Sun shadow volumes calculated.

3: Shadow footprints intersected with plot.

Figure 3. Shadow Modeling Process.
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soLaR map

As a final piece of analysis, a map depicting solar radia-
tion was created. While such a map can actually be found 
online already, this map is assumed to depict a yearly av-
erage of sunlight (the map does not specify a timeframe, 
but is intended for those interested in installing solar pan-
els)1. The purpose of this newly created map is to cap-
ture solar radiation only during the gardening season, 
which this analysis defines as April through October. A 
year average map is skewed by the short winter days, and 
thus is likely not the best reference for urban agriculture.

Creating the solar map is simple. Using the Area Solar Ra-
diation tool, the same LIDAR-based DEM used in the shad-
ow analysis is input. The dates for which the tool will run 
are then input, in this case April 1 to October 1, 2014 with 
an interval of 30 days set. This results in seven rasters being 
created, which show the radiation for each month. These im-
ages are useful in and of themselves, though they depict watt-
hours per square meter. To create a map depicting hours of 
sunlight, the direct duration raster must be selected in the 
optional outputs. This creates a raster that shows the total 
1 http://solarmap.cityofmadison.com/madisun/

Average Total Daylight Hours
Value

High : 13.9488

Low : 0

Figure 4. Map of Average Sunlight Hours During Growing Season.

amount of hours of sunlight during the whole period. With 
this direct duration raster, the average daily light was calcu-
lated by dividing each cell by 183, the number of days be-
tween the start and end date originally input into the Area 
Solar Radiation tool. Results suggest that for the vast major-
ity of Madison, getting enough sunlight is likely not a prob-
lem though some areas do receive less light than others. The 
intent of this map is to serve as a reference for all types of ur-
ban agriculture. The land inventory is focused on larger-scale 
operations that would likely be city-sponsored, and while the 
shadow analysis could be carried out for any area within the 
city, it requires access and knowledge of ArcGIS along with 
the data. This solar growing season map is intended to be 
a reference for small-scale operations, a backyard garden 
for instance, for which a detailed analysis isn’t warranted.



7

CONCLUSION
In summary, this report serves both as a resource to guide the 
development of urban agriculture for the City of Madison, 
but also as a framework from which similar studies could be 
derived for other municipalities. In Madison’s case, not only 
does the land inventory show areas suited to community 
gardens, but also those that meet the requirements for being 
zoned as Urban Agriculture, a use for which no land has yet 
been zoned despite its addition to the latest zoning rewrite. 
While the methodology as laid out does have caveats, the rel-
ative ease with which it can be implemented is makes the anal-
yses at least a useful springboard from which to narrow down 
a list of potential sites for further review. Ultimately all sites 
will need ground-truthing to confirm suitability, though this 
process allows for the maximum amount of automation be-
fore hours must be spent in the field. Despite the health, food 
security, and leisure benefits of urban agriculture, it’s likely 
that local governments will be very restrained when it comes 
to using their budgets to invest in it, and therefore a GIS-based 
analysis such as this is an attractive means of doing the nec-
essary groundwork with the minimum amount of resources.
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APPENDIX A: MAPS

Example Shadow Study, Eagle Heights.
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APPENDIX B: HEIGHT LIMITS
Zoning Single Fam MultiFam Non-Res
R1 35 40 35
R1-R 40 40 35
R2 35 40 35
R2S 35 40 35
R2T 35 40 35
R2Y 35 40 35
R2Z 35 40 35
R3 35 40 35
R4 35 40 35
R4A 35 40 35
R4L 35 40 35
R5 35 40 35
R6 35 40 35
R6H 35 40 35
OR - 40 40
PCDGDP 35 40 35
PCDMHPGDP 20 - -
PUDGDP 35 40 35
PUDSIP 35 40 35
PCDMHPSIP 20 - -
PCDSIP 35 40 35

O-1 - - 22
O-2 - - 22
O-3 - - 22
O-4 - - 22

C1 35 - 40
C2 35 - 40
C3 - - 68
C3L - - 68
C4 - - 68
RPSM - - 35
RDC - - 35
M1 - - 35
SM - - 35
M2 - - 35
A - - 25
C 35 - 10
W 35 - 10Co
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*Bolded numbers indicate estimated limits where none 
are given in the zoning code.

The table to the left shows the height limits as detailed in the 
zoning code which drove the creation of the model of Mad-
ison. Two caveats must be made clear. First, the heights for 
multi-family homes were not used. Multi-family housing is 
not differentiated in the building footprint data collected by 
the City and thus without detailed knowledge of each build-
ing it isn’t possible to make this distinction as “residential” is 
the only descriptor given. Theoretically, it could be general-
ized that building footprints over a certain size are most like-
ly multi-family. In the case of Madison though, the five foot 
difference in height limits is likely not significant enough to  
warrant such categorization.

In the case of Madison, building heights in the downtown 
area are regulated not by zoning type but through overlay 
districts intended to preserve views of the Capitol from the 
arterials that run through the isthmus. These districts are 
shown in the downtown height map within the zoning code. 
This map was hand digitized and the attributes joined to the 
building footprints. The height map as laid out in the zoning 
code lists maximum heights in stories, in order to convert 
this to feet it was assumed that every story is equal to 10.827 
feet. See next page for digitized map.
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