Deck 7: All About Data!

File Paths, Data Creation and Management, Land Cover, Suitability Analysis
Intro to GIS — UMass Amherst — Michael F. Nelson




Overview



Data Management



File Paths

Your computer’s file system is organized like a tree:
There is a root directory on your storage medium that contains all the other files and

directories.

To find a file, your computer traverses the branches of the tree following the directions

contained in the path

An absolute path:

gives your computer the map to
find a file starting from the root
directory of your storage medium.

* An absolute path is never
ambiguous.

A relative path:

provides a map starting at the
current working directory.
* A working directory is just the

directory that a program is
currently pointing to.



File Types



File extensions and associations

Filenames usually consist of two or more blocks of

] file_01.txt
letters separated by periods: e B

- The extension is meant to communicate the file
type or file format.




Archive files

Archive files can contain copies of a
directory structure, which itself can
contain files and other directories.

The most familiar archive format is .zip.
Other common formats are .tar and .gz.

Archive files are typically (but not
always) compressed

Compressed files are in any of
several specialized binary formats.

Archive files are a convenient way to
share multiple files and directories as a
single unit.

ECo 602 https://michaelfrancenelson.github.io/environmental_data/



*The ! appear when you load a

project into Arc, but it can’t find
your data.

Those Pesky

* Think back to one of our
definitions of GIS: Map documents
are containers that contain
pointers to the data, and '
information on how to display
your data sources. /

o




Data

Management

It’s easy to unintentionally lose your
data/analysis in Arc

e Part of this we’ve discussed before
organizing your data with sensible
folders and filenames.

e Part of it is structural: Arc’s
Geodatabases. /



* Arc projects have default locations
in which data and analyses live.

Saving * They may not be the most
' convenient for you, especially if
you want to share data.

Processing,

Defaults

* In order to remain in control, you |
need to know how Arc’s data

management works! /
> 4
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£# Layers
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. |
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1 <all other values:
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And also the red exclamation
marks...



BUt, it’S easy tO f|x | Layer Properties: Montana_soils_utm
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Source... |
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Contents v I X

Use ‘list by source’ in T [ search

Je)
ArcMap Table of BN B
Contents to view paths ’

Fields

* Avoid special-use
directories:

* Your Downloads folder

* Your Desktop

* Anything with ‘temp’
or ‘tmp’ in the name.

4y C:\gis_labs_2023\lab_5\Datalab5\Mo...
4 fields

- Montana_soils_utm

4 [# https://cdn.arcgis.com/sharing/rest/...
(] World Topographic Map
4 I-@ https://services.arcgisonline.com/arc...

(] World Hillshade



Those Pesky |

* The ! appear when you load a project
into Arc but it can’t find your data.

* Think back to one of our definitions
of GIS: The container of maps.




Arc Project Data — Suggested
Practices

Create a new folder with an informative name for each Arc
project. For example: lab_1, final _proj, etc.

Create the Arc project within your folder and %(ive it an
informative name. Don’t use generic names like ‘untitled
project 37’

Data files:

* Create a ‘data’ subdirectory in which you’ll store all
the data you import for the project. Keep backup
copies of original data files as zip archives.

* Use the ‘data’ subdirectory to store any output data
you might want to share or use for other projects.

* Use the project (default) database for intermediate
datasets.
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Geodatabase?

* VVia Arc Help:

* ‘An ArcGIS geodatabase is a collection of
geographic datasets of various types held in a
common file system folder, or a multiuser
relational DBMS (database management
system)’.

* Your project geodatabase is a folder (that
looks like a file) which contains all the files
created by your arc project.



* By default, Arc puts stuff here.

Default * Located (unless you change it) in a

Geodatabase? subdirectory of your current project, e.g.
C:\gis_labs 2023\lab 5\Lab 5 sp 2023.gdb

Input Features
fields v

Output Feature Class

C:\gis_labs_2023\lab_5\Lab_5_sp_2023.gdb\fields_Buffer

* Distance [value or field] Linear Unit

Unknown

Side Tvpe



Where do spatial
data come from?
How reliable are
they?
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Data from Everywhere

Anything with
spatial attributes
can be mapped.

Even things
without explicitly
spatial attributes
can be mapped!

)

If mappable, GIS
can use it.




Habitat Suitability for CA Gnatcatcher




Habitat Suitability
for Sudden Oak
Death

What kind of things
are important to
gnatcatchers, or
fungus-like
organisms?




Suitability
analyses
require
DATA

DATA

Land cover and land use maps

Climate
Census map
Topographic maps

LULC Change maps

Occurrence/abundance

SOURCE

Satellite image classification, aerial
photo interpretation

Weather stations, interpolation
Mailed surveys
Surveys, RADAR

Digitized paper maps,
aerial photo interpretation

Surveys, collars



Land Cover
Classification

* Landsat 7
 Satellite imagery




{Partial extract of the EOSD legend)

B 20 Wister
B 30 Mon-Yegetated Land
1 32 Rock/Rubble
B 33 Baren Land
B 34 Developed
1 50 Shyubland
1 51 Shrub Tall
1 52 Shrub Low
B Gl ietand
B 51 Wetand-Treed
B a7 ietland-Shnb
63 Wedand-Herb
1 100 Herb
1 110 Grazsland
T2 Agricubbre
B M0 ForestTrees
B 0 Conferous
B 2/l Broadlesf

230 iz




Land Use
and Land

Cover
(LULC)

Earth Resources Observation and Science (EROS) Center

National Land Cover Database

NLCD.2016 Available Now!

Visit the full site

* Land Cover: How can we categorize the surface in
physical, biological, ecological, etc. Terms?

e Land Use: What are people using the land for?



National Land Cover Dataset 2001 Products

Composition and Hhohomands Usnints
configuration R TAII .. ciichiss

* Composition: How
much of the area is
forested?

Land Cover classes
; I ooen vistar

W [ cevelopediOpen Space
E Developed, Low
il Il cevernpes, Medium

e Configuration: How
large are the forest et

20 [ cukivared Crops
b ualy
STl [ ] woody wetlands
Land Cover
L - Emargant Watlangg




Landscape
Configuration

* Connectivity
* Fragmentation

e Habitiat, nonhabitat,
matrix

e Characteristic scale?

e Configuration is usually NHE £
harder to describe than a7

composition.
Figure 1 from Deventer et al. (2002) Scale-Dependent Effects of Landscape

Context on Three Pollinator Guilds



Image

Interpretation




How do we
assess data
quality &
accuracy?
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Figure 3. Land cover classification of Sope Creek watershed based on the Advanced Terrestrial Land Applications Sensor
(ATLAS) airborne remote sensing instrument.

Table 1. Classification results.
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These classes are consistent with the heavily vegetated character of the study area The majority of the low-density residential areas are
comprised of forest and grass classes. Low-density residential rooftops comprise a significant portion of the unclassified pixels too. Urban
arcas have been classified into low albedo and high albedo arcas. The high albedo arcas are primarily light bulding roofs and concrete
sutfaces. Low albedo areas are represented by asphalt sufaces on roads and parking areas phus dark building roofs Land areas in
transition for urban development comprise most of the bare soi class.

Overall, the results are a good representation of the physical surface of the Sope Creek watershed. Some mixed pixels between the high
albedo urban and bare seil class remain a problem. The mature forest canopy made identification of urban features challenging, especially in
areas remote from urban concentrations. Also. with more detailed ground truth data a delineation of evergreen forest areas from the
predominant deciduons forest could have been evaluated
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Collect a
validation
dataset




Regular or random

CO ‘ ‘ e Ct a ‘ : L sampling intervals
validation
dataset




Regular or random
sampling intervals,

Collect a
validation
dataset

¥
-
4
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What kinds of
errors are
associated
with land
cover
classification?

Over-
estimation
error (mapping
more of a
particular land
cover than
actually exists)

Under-
estimation
error (missing
some of a
particular land
cover)

eCommission
Error

eOmission
Error




All land cover maps should have some quality assessment
Or accuracy assessment information

Land Use (2005)

Sometimes that info
is buried & vague

iy 4 B MassGIS Q

Wy

ST Y £ Upon receipt of the data, MassGIS performed extensive QA steps. These

S e B 2% included comparing the draft land use with numerous ancillary datasets, manual
R photo interpretation, and field visits. Draft data was graciously reviewed by

777 cropland several Regional Planning Agencies across the state.
TA% @ erushland/successional Pasture
E:‘::rla"d ﬁ zz:it::se MassGIS carried out an additional post production step to further improve the
@B rorested watlnd @ rorticipation Recreation mapping of residential, commercial, and industrial land use. In municipalities
% Non-Forested Wetland @ spectator Recreation where assessors' parcels were available, the developed portions of residential,
& saltwater Wetland wiater-Based Reareation commercial, or industrial parcels with use codes that unambiguously

Saltwater Sandy Beach = Mari . . .
- o S corresponded to single land use codes were incorporated into the land use data.
ranberry Bog

fulti-Family Residential . . .
B orchard N ich s Aesidential Additionally. in order to make the statewide dataset more manageable,
B rursery ' Medum pensityResidential  POlygons were simplified and slivers were removed.



Suitability
analyses
require
DATA

DATA

Land cover and land use maps

Climate
Census map
Topographic maps

LULC Change maps

Occurrence/abundance

SOURCE

Satellite image classification, aerial
photo interpretation

Weather stations, interpolation
Mailed surveys
Surveys, RADAR

Digitized paper maps,
aerial photo interpretation

Surveys, collars



Climate and * Historical records, trends
weather data * Projections

30-yr Normal Precipitation: Annual Total Precipitation: Feb 2021
Period: 1981-2010 ] Period ending 28 Feb 2021

(Map created 17 Mar 2021)
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Observed and D
Variables

& WorldClim

Bioclimatic variables

Bioclimatic variables are derived from the monthly temperature and rainfall values in order to
generate more biologically meaningful variables. These are often used in species distribution
modeling and related ecological modeling techniques. The bioclimatic variables represent
annual trends (e.g., mean annual temperature, annual precipitation) seasonality (e.g., annual
range in temperature and precipitation) and extreme or limiting environmental factors (e.g.,

temperature of the coldest and warmest month, and precipitation of the wet and dry quarters).

A quarter is a period of three months (1/4 of the year).

erived

Historical climate data
Historical monthly weather data

Future climate data

Home

‘Number dead crowns per ha,
.‘f 2001

(a)

(d)

Y: Number of bay trees per ha

. ,'... “:

(8)

Plate 1. Derived environmental variables used in classification tree analysis.
The clustering of dead crowns is shown in (a), and the study area from high-
resolution imagery shown in true color (b) is presented for comparison. In (b)
dark green areas are mixed oak woodlands affected with SOD; light areas
indicate roads, paths, and gaps in forest cover. (¢) and (e) are derived from
high-resolution imagery (b). Potential Solar Insolation in the summer (f) and
topographic moisture index (h) are derived from Digital Elevation Model (d). In
(h) yellows indicate ridges, and blues indicate drainages.

Kelly and Meentemeyer (2002) Landscape Dynamics of the
Spread of Sudden Oak Death



Interpolation

 Model-based approach to fill-in the
areas in-between data points.

e Statistical and non-statistical
approaches

Environment International 106 (2017) 234-247

Contents lists available at ScienceDirect

Environment International

journal homepage: www.elsevier.com/locate/envint

Mapping urban air quality in near real-time using observations from low-
cost sensors and model information

® CrossMark

Philipp Schneider , Nuria Castell, Matthias Vogt, Franck R. Dauge, William A. Lahoz,
Alena Bartonova

NILU - Norwegian Institute for Air Research, PO Box 100, Kjeller 2027, Norway

P. Schneider et al.

Original EPISODE gridded output
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Fig. 2. Downscaling method for EPISODE, shown for the 2011 annual mean surface NO, field for Oslo, Norway, in units of ug m > Top left panel: Original gridded output from the
EPISODE model at 1000 m horizontal spatial resolution. Top right panel: The original field regridded to 100m horizontal spatial resolution using simple linear interpolation as a
reference. Bottom left panel: Original gridded EPISODE concentration with locations of receptor points overlaid in black. Bottom right panel: Downscaled concentration field at 100 m
horizontal spatial resolution derived through spatial interpolation of receptor point concentrations. Coordinates in UTM32N/WGS84.
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Fig. 3. Downscaled model-derived basemap (left panel) for NO, as produced by the EPISODE model and the corresponding semivariogram (right panel) for Oslo, Norway. The
semivariogram was calculated over a total of 96,831 grid points. The concentrations are given in pg m ~>. Coordinates in UTM32N/WGS84.



Suitability
analyses
require
DATA

DATA

Land cover and land use maps

Climate
Census map
Topographic maps

LULC Change maps

Occurrence/abundance

SOURCE

Satellite image classification, aerial
photo interpretation

Weather stations, interpolation
Mailed surveys
Surveys, RADAR

Digitized paper maps,
aerial photo interpretation

Surveys, collars



Demographic
Data

Number of people

Age

Sex

Race
Income
Education
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Population
density by
county
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L= Population Density
vy County created from the
Census 2000 Long Form DD
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County-
level
census
information

NAME STATE_NAME| POP1999| MALES | FEMALES | WHITE | BLACK | AMERI_E| ASIAN_PI| HISPANIC| AGE_5 17 AGE_18_29 AGE_30_49 AGE_50 64
Phillips Mantana 4744 2537 2626 4741 2 390 14 44 1176 690 1399 716
Valley Mantana 3136 4110 4129 7423 9 770 19 62 1703 981 2309 1313
Daniels Mantana 1959 1115 1151 2242 0 6 18 12 475 189 608 389
Whatcom Washington 159393 62848 64932 | 119229 650 4014 2363 3718 23201 26341 38357 14398
Bonner Idaho 35901 13231 1331 26210 5 220 [l 352 5T 2972 8332 333
Ward North Dakota 58560 28624 29097 54545 1411 962 594 857 11241 13497 15402 6259
Koochiching | Minnesota 15420 3440 7859 15633 45 451 50 185 317 2513 4757 2443
Skagit Washington 101320 39205 40350 74133 280 1712 782 4335 15167 11947 23329 11020
Williams North Dakota 20025 10386 10743 20025 18 1010 43 110 4733 2883 6184 2728
McHenry North Dakota 6024 3309 3219 5498 4 13 il 13 1377 676 1658 1064
St. Louis Minnesaota 192958 96435 101778 | 192053 1106 3682 1076 952 36136 33054 56233 27138
San Juan Washington 12738 4967 5068 9811 23 79 86 121 1480 803 3316 1706
Ronsevelt Mantana 10936 5374 5625 5569 7 5355 40 103 2684 1664 2982 1272
Mountrial North Dakota 6530 3469 3552 5606 4 1395 14 25 1603 312 1861 951
Marshall Minnesaota 10190 5566 5427 10889 2 50 14 113 2474 1253 2866 1651
Ramsey North Dakota 11973 6221 6460 12022 2 5 30 49 2462 1935 3350 1736
Walsh North Dakota 13422 6390 6950 13453 17 97 59 441 2844 1826 3640 1952
Beltrami Minnesata 33000 1701 17373 28409 100 5641 194 146 7356 7343 3949 3868
Pierce North Dakota 4597 2498 2554 201 2 23 15 1 1015 598 1142 802
Chelan Washington 60730 25780 26470 48333 80 487 378 4786 9939 7760 15293 7026
Pondera Mantana 6424 3198 3235 5691 5 704 20 3 1448 792 1728 397
Clallam Washington 64786 28084 28380 52509 i 2695 614 1150 10096 7312 15661 8274
Benson North Dakota 6904 3631 3567 4417 0 2772 3 24 1787 996 1669 a1
Chouteau Mantana 5125 2782 2670 521 4 212 10 25 1153 622 1518 522
Snohomish | Washington 604856 | 232194 233448 | 434536 4767 6422 16467 10656 89762 833N 155542 53413
Island Washington 71454 31340 28855 55034 1454 480 2553 2006 10554 12434 16696 7323
Sanders Mantana 10200 4377 4292 8135 12 47 37 104 1882 956 2509 1322
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The US Census
Bureau website
IS a rich source
of spatial data.
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EXPLORE DATA LIBRARY
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Geography Program

Geography is central to the work of the Census Bureau, providing the
framework for survey design, sample selection, data collection,
tabulation, and dissemination. Geography provides meaning and
context to statistical data.

Read More

About Interactive Maps Geographies

Mapping Files
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Mapping File
TIGER/Line Shapefiles

View all the available mapping files from the Geography program.

Mapping File
Cartographic Boundary Files

View the newest available cartographic boundary files in shapefiles, geodatabase, and KML formats.

Mapping File
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View the available TIGER/Line geodatabases from the Geography program.
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TIGER/line Shapefiles!

</ U.S. Census Bureau

TIGER Navigation

2010 Census TIGER/Line SnareriLEs Mamn
DowNLOAD SHAFEFILES
RELEASE SCHEDULE
TecHMicAL DOCUMENTATION

User MoTes

Previous VERSIONS
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Other geocoded road information

Ted TR
* 1176 North Pleasant Street, Amherst, Massachusetts, United States
Address is approximate

{EnGn s problem  Image Date: September 2009
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Suitability
analyses
require
DATA

DATA

Land cover and land use maps

Climate
Census map
Topography/Terrain maps

LULC Change maps

Occurrence/abundance

SOURCE

Satellite image classification, aerial
photo interpretation

Weather stations, interpolation
Mailed surveys
Surveys, RADAR

Digitized paper maps,
aerial photo interpretation

Surveys, collars



Old-school
topographic
maps

* Example: USGS
guadrangle topo lines (PRI £ 5|
defined based on A A A
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New-school

topographic
maps: SRTM
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Topographic Maps from LASERS
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Terrain: Elevation,
Slope, Aspect

* Elevation: that's easy
* Slope: rise/run

* Aspect: What direction
does the slope face?

easting
324000 326000

(b) n=9

Wilson et al (2007) Multiscale Terrain Analysis of Multibeam Bathymetry Data for Habitat
Mapping on the Continental Slope



Fractal Dimension

easting
2 - .
324000 326000

Roughness

* Roughness Indices
* Fractal Dimension

Hyn=9 (b) n=33

“ractal dimension calculated at (a) 9 x 9 analysis window (b) 33 x 33 analysis window.
Wilson et al (2007)



Suitability
analyses
require
DATA

DATA

Land cover and land use maps

Climate
Census map
Topographic maps

LULC Change maps

Occurrence/abundance

SOURCE

Satellite image classification, aerial
photo interpretation

Weather stations, interpolation
Mailed surveys
Surveys, RADAR

Digitized paper maps,
aerial photo interpretation

Surveys, collars



Scanning &
Interpreting
historic
aerial photos
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Suitability
analyses
require
DATA

DATA

Land cover and land use maps

Climate
Census map
Topographic maps

LULC Change maps

Occurrence/abundance

SOURCE

Satellite image classification, aerial
photo interpretation

Weather stations, interpolation
Mailed surveys
Surveys, RADAR

Digitized paper maps,
aerial photo interpretation

Surveys, collars



GPS collar data — migration routes

Female Kob 2
Legend

Female_kob2_daily
@  <all other values>

Month

[1]]

02

03
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05

06

o7

08

[ JONONON N X NORONON N

—— riv_fao_20040117
Afric_dem_alb
VALUE

50 100
| 1 |
Kilometers

[ +02.0000001 - 423
[ #22.0000001 - 248
[ +4s.0000001 - 471
[ 4710000001 - 287
[ +e7 oonooo1 - 526
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Herbarium records

http://data.gbif.org

GLOBAL SPECIES COUNTRIES DATASETS OCCURRENCES SETTINGS ABOUT
BIODIVERSITY S S R T fon="1.0" encoding="UTF{s |
IHFURMAT‘GH -k A 1r|=="h++|::.- +:|ll:| orgdt I
FACILITY e MR il ; point="http://145.18

1!:._

...................

Welcome to the GEIF Data Portal

Search Access 265,181,848 data records shared via the GBIF network.

species/country/d Jtase




Spatial display of XY Coordinates

o A B C
fi 1 [ID !Latitude Longitude
e 2 |ciar_ghif 48.7502 -122.875
= 3 |ciar_ghif 48.5835 -123.042
4 | ciar_ghif 48.5835 -123
5 |ciar_ghif 48.5835 -122.958
6 |ciar_ghif 48.5419 -122.958
7 |ciar_ghif 48.5419 -122.833
8 |ciar_gbhif 48,4585 -122.958
9 |ciar_gbif 48.8335 -121.917
10 |ciar_gbif 48.7918 -116.458
11 |ciar_gbif 48.7918 -105.542
L 12 ciar_gbif = 48.7918 -103.5
13 ciar_ghif  48.7918  -102.5
14 ciar_ghif 48.7918 -100.833
15 ciar_ghif 48.7502 -98.4583
16 |ciar_ghif 48.7502 -97.5416
17 |ciar_ghif 48.7085 -116.292
18 ciar_ghif  48.7085 -113
19 ciar_ghif = 48.7085  -104.5




Presence,
Absence, and
Abundance

Beware sampling
bias: Why are there
SO many rare plants
near major
universities?

Absence vs.
pseudoabsence @ - |



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0044019

Data Take-Homes



Data
Quality and
Metadata

Look for the metadata in pre-existing datasets.

Create useful metadata for any data you collect.

Descriptive folder and file names are a type of
metadata.

Anticipate the types of errors that your data
might contain.

Do a reality check: Does your polygon of Rhode
Island show up off the west coast of Africa?



Do categories make
sense in the context of

Beware your project?

Human
Frror Always collect data

with your goals in
mind.




e Can’t find the data
you need? Create
your own!

Take home

MeSSages.
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