LAND USE CHANGE AND NON-POINT SOURCE
POLLUTION MODELING IN AGRO-URBAN
WATERSHEDS

LISA EMILI (Penn State University)
RICHARD GREEN (Northern lllinois University)




Land use is increasingly being recognized as a key
driving force in global environmental change

Over the last 50 years, the loss of nutrients from
land to water and subsequent surface water
degradation has been accelerated due to land
development for agricultural and urban uses

The greatest concern continues to be non-point
source (NPS) pollution
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NPS pollution is the leading source of water quality
impacts to surface waters

The primary pollutants are eroded sediments and
nutrients, particularly phosphorus

Excess phosphorus leads to cultural eutrophication
and habitat and water quality degradation

Despite advances in science and policy, eutrophication
and algal blooms are one of the most common and

serious threats to surface
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Table 1. Land Cover Classification Codes for NLCD 2001 and NASS 2007.

NLCD 2001 NLCD Name GridCode07 CLASS_NAMEO7
11 NLCD - Open Water 1 Corn
12 Perennial Ice/Snow 4 Sorghum
21 Developed/Open Space 5 Soybeans
22 Developed/Low Intensity 21 Barley
23 Developed/Medium Intensity 23 Spring Wheat
24 Developed/High Intensity 24 Winter Wheat
31 Barren 26 Winter Wheat/Soybeans Double-Cropped
41 Deciduous Forest 27 Rye
42 Evergreen Forest 28 Oats
43 Mixed Forest 36 Alfalfa
52 Shrubland 42 Dry Beans
71 Grassland Herbaceous 43 Potatoes
81 Pasture/Hay 44 Other Crops
82 Cultivated Crops 47 Miscellaneous Vegetables & Fruit
90 Woody Wetlands 53 Peas
95 Herbaceous Wetlands 58 Clover/Wildflowers

61 Fallow/ldle Cropland
62 Grass/Pasture/Non-agricultural
63 Woodland
87 Wetlands
92 Aquaculture
111 NLCD - Open Water
121 NLCD - Developed/Open Space
122 NLCD - Developed/Low Intensity
123 NLCD - Developed/Medium Intensity
124 NLCD - Developed/High Intensity
131 NLCD - Barren
141 NLCD - Deciduous Forest
142 NLCD - Evergreen Forest
152 NLCD - Shrubland
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Model 1 — Raster Clip. Using model builder create a vari ble of type “Raster Dataset.”
Set the properties of the variable to be a “List of Values.™ Drag the “Raster Clip™ tool
into themodel and connect the “Raster Dataset™ variable and the DanVilleMetro laver to

the tool.

Populate the “Clip™ tool with the two “Input Rasters.” the “Output Raster Datasets,” the
“Output Extent.” and set the last box to be “true.”

MidwestNLCDO1_ll.img 677001.216216322 1902485.12821108
cdl_awifs_r_il_2007 tif

C:\GreeneProjects08\AFT_FOE4\FinalReportiDanVilleNLCD.img | DanVilleMetro
C:\GreeneProjects08\AFT_FOE4\FinalReporfiDanVilleNASS.img
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Determine Urban Land Use Change

©® SingleOutput Map Algebra
Urban 2001 & 2007

©® Extract by Attribute
Land not urban 2001 but urban by 2007

©® Convert raster to a polygon for further processing

Much urban change detected along roads is error




/" Single Output Map AIGEDI g g sl 0 0 S —

Map Algebra expression
{con{[DanVilleNLCD.ima] == 21 or [DanVilleNLCD.img] == 22 or =
IF [DanVilleNLCD.img] == 23 or [DanVilleNLCD.img] == 24, 1, 0)

Usage...

OQutput raster
I IC:\GreeneProjectsOS\AFT_FOE4V-"|naIReportDaanleUrban01.img

&




/" Single Quiput Map Alachip O) e —

Map Algebra expression
|con{ [DanVilleNASS.img] == 121 or [DanvilleNASS.img] == 122 or =
| [DanVilleNASS.img] == 123 or [DanVilleNASS.img] == 124, 1, 0)

Output raster

¥

|| C:\GreeneProjects08\AFT_FOE4\FinalReport\DanVilleUrban07.img




A Single Qutgt Map Algchip B v ————

Map Algebra expression
con{[DanVilleUrban01.img] <> 1 and [DanVilleUrban07.img] == 1, 1, 0) =
I
Output raster
B"&_

I |C:\GreeneProjectsOS\AFT_FOE4\FinalReport\Dan\ﬁlleUrbChg.img
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Figure 1 -- Detecting urban change with NLCD 2001 and NASS 2007.

For other examples, see Maxwell, Alexis, “The Vanishing Farmland Myth: Tracking Farmland Loss to
Urbanization through the use of Geospatial Data.” M.S. Dept. of Geography, NIU 2010.



Model 3 — Select Change and Convert to Polvgons.

Open the Attribute Table of DanVille UrbChg and select Value =1




Part 1 of Model 3: Select just the change.

Process 1 (First Yellow): Select DanVilleUrbChg.img where Value is equal to 1.

W
' ' - .

| DanVilleUrbChg.img
Selection

NEW_SELECTION
Expression (optional)

|'VAU.E'-1

Result

0 | (8




Process 2 (Second Yellow): Convert the selected raster cells to polygons using the
“Raster to Polygon™ tool. Verv important to uncheck the “Simplify Polvgons™ box.

— - ap b - - - " -—_ _— —

7 Raster o

Input raster .
DanVilleUrbChg.img (2) - &
Field (optional)

VALUE 2
Output polygon features —
G \GreeneProjects08\AFT_FOEAFnalRepor tpanvileLrbChgPaly.shp =

I™ Simplify polygons (optional)



Buffer the Roads by 500 Feet

Irput Featires

| DanVilleExUrbRds ~| !I

Output Feature Class

[Ci\reenePromcts08\AFT_FOE4 FraReport\DanVieExUrbAds_Buffer.sho = Erase the change polvgons that fall within the 500 foot buffer.
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Figure 1 -- Detecting urban change with NLCD 2001 and NASS 2007.

For other examples, see Maxwell, Alexis, “The Vanishing Farmland Myth: Tracking Farmland Loss to
Urbanization through the use of Geospatial Data.” M.S. Dept. of Geography, NIU 2010.



Buffer Roads by 500 Feet

Erase all Change inside the Buffer




Some Legitimate Urban Change will be
Deleted by the 500 Foot Buffer because New Subdivisions
have Roads within the 500 Foot Range

Solution was to Pan through the Road Buffer Erase Layer
and Bring Change Back in for such Cases




A.W.Thompson, L.S. Prokopy / Land Use Policy 26 (2009) 194-202

Data Input
Step A Step B Step C
EROS National Reclassify EROS Using single input Using county Data Ouput
and NASS data for map algebra, overlay boundaries, extract
Land C?;;;Datasa IN & IL to the § > 1992 EROS and land use change data
following 2002 NASS data to for 194 counties.
standardized layers: identify land use Urban and roadway Net Farm!and
(1) Urban, changes reflecting overlays are used to Conversion
(2) Agriculture, farmland conversion remove these arcas 1992 to 2002
NASS Cropland (3) Forest, (4) Open to developed uses. from final '.9'9 0200
ropian Space, (5) Water, calculations
Data Layer (6) Missing
2002
F"""J‘ ''''' | r‘““-l““'! l"‘""‘l ““““ | I“"""L “““““
Issue #1| Missing data due to | Issue #2| pasture/Range/ | ISSU€#3 | |gengified error: | 1SSU€ #4|  jyeniified error:
| cloud coverin | | CRP/NonAg/ : | conversionof | : roadway
I dataset | | Woods / Woodland | | developed usesto | | classification not
I | | category *62’ : | farmland inurban | | consistent between
. pm——— I_ —— : contains significant | : areas : : datasets
Solution, utilized NASS 2001 | | developed areas | i N L
| &2000 Cropland | I | DA PR SR
i l?al.l..a)'re; to ﬁll.in : T Soluﬁonr Crleeted urbt]a:d l Solution 'r Crelat:d O\lr’el:;ay tof
missing information; 2 v 001 MR O tard erca | | overlay to exclude | | exclude a buffer o
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Fig. 2. Spatial analysis outline showing the three steps in the process, the issues identified with the spatial data, and the solutions used to correct these problems.



Study Area Shown in Blue
Defined as areas outside the Urbanized Areas of Metropolitan
Areas

Case Study Areas
Loss of Working Lands Between 2001 and 2007

B V2 NLCD 2001 & NASS 2007
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©® RUNOFF

® Phosphorus Index

Tool used to assess the potential to
move phosphorus from agricultural
ﬁelds to surface water

- R —— ——
e i f‘-=§ Con5|ders soil and landscape
i g T T A ~features as well as soil conservation
frocen - W— o TR [esen

i ST | R g - and phosphorus management




Decision support tools for water resource
managers, government agencies, citizens

Ability to model outcomes by identifying where
allocated management strategies will have the

greatest effect

Scaling capability (spatial and temporal)
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