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1.0 INTRODUCTION 
 
 
 

1.1 BACKGROUND 
As part of the Little Colorado River (LCR) General Stream Adjudication, the Superior 

Court of Arizona has directed the Arizona Department of Water Resources (ADWR) to prepare a 

Hydrographic Survey Report (HSR) for the Hopi Indian Reservation (Ballinger, 2002).  Figure 1 

shows the location of the Reservation.  The Hopi have a long history of farming in the region, 

and their water right claims in the adjudication reflect this history.   

The Hopi and the United States both claim that a total of 38,556 acres of Reservation 

land have been used for crop production, of which 1,042 acres are claimed as “precipitation 

farmed” (Hopi, 2004 and United States, 2004).  They are claiming a maximum of approximately 

49,200 acre-feet per year (AFA) of surface water diversions and spring discharge to irrigate 

37,514 acres of cropped land.  However, far less acreage has apparently been cropped by the 

Hopi in any given year.  Historic records suggest that, since the 1870’s, a range of between 3,500 

to 6,500 acres has typically been cropped annually on the Reservation (Anderson, 2008).  

ADWR (2008a) estimated that between 5,570 and 6,506 acres were cropped by the Hopi in 2005. 

 

 

1.2 PURPOSE AND SCOPE 
The Hopi agricultural claims represent a composite of all lands that they determined, 

through analysis of aerial photographs, had at one time been farmed on the Reservation.  

Between 1989 and 1994, a consultant and two subcontractors for the Tribe conducted a survey of 

previously cropped lands on Reservation.  They reviewed aerial photographs spanning seven 

decades, from the mid-1930s through the early 1990s, by stereoscopic means.  Using Mylar 

overlays, lands that they considered to have had evidence of cropping were outlined, color coded 

by year, and later transferred to a set of USGS topographic quadrangle maps (quads).  Quality 

control and edge matching efforts were completed between 1991 and 1994.  Agricultural lands 

identified on the quads were eventually digitized into Geographic Information System (GIS) 

polygons and hard copy maps provided to ADWR with their adjudication claims.  Appendix A 

presents a summary by the Hopi consultants that describe their methodology. 
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ADWR has attempted to verify that the claimed Hopi agricultural lands were previously 

cropped by analyzing digital copies of the same photographs that were used by the Hopi 

consultants.  This report provides the results from ADWR’s analysis.  
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2.0 DATA SOURCES 
 
 
 

2.1 CLAIMED AGRICULTURAL FIELDS 
On behalf of the United States, Natural Resource Consulting Engineers (NRCE) sent 

ADWR a digital version of the claimed Hopi agricultural lands as a GIS shapefile.  The original 

file sent contained 8,121 polygons (individual field boundaries) that represented a composite of 

all agricultural lands identified on the Reservation, with individual fields ranging in size from 

less than 0.0001 acres to over 2,400 acres.  Subsequent review by ADWR suggested that some of 

the very small claimed fields were residual errors from digitizing (Figure 2).   Included with 

each claimed field was information on irrigation type (perennial, spring, seasonal, range pasture, 

native and precipitation farming) and surface water drainage (Dinnebito, Jadito or Jeddito, 

Moenkopi, Oraibi and Polacca). 

Many of the claimed fields bordered one another.  To reduce the number of fields for 

ADWR to verify while maintaining the same agricultural ‘footprint’, ADWR GIS staff employed 

the ArcGIS Dissolve tool (ESRI, 2008) to join or ‘dissolve’ contiguous fields.  This reduced the 

number of individual claimed fields to verify from 8,121 to 2,214.  Note that approximately 6.5 

acres of the footprint were eliminated during the dissolve process, mostly because of slight 

overlaps between individual polygons in the original dataset.  

Figure 3 provides an example of a cluster of 32 fields in the original claim.  After 

ADWR joined fields that shared borders, the cluster was reduced to one, 120.5-acre parcel. 

 

 

2.2 AERIAL PHOTOGRAPHS 
ADWR used the same or similar aerial photographs for verification of the claimed 

agricultural lands as the Hopi contractors.  This included photographs from the 1930s, 1950s, 

1970s, 1980s, 1990s and 2005.  With the exception of the most recent photographs from the 

1990s and 2005, which had already been spatially referenced, ADWR had to georeference the 

scanned copies of each photograph before comparing them to the claimed fields.  To 

georeference, ADWR adjusted the scale and rotation of the aerial photographs to match similar 

geographic features found in the 2005 photography.  A brief description of the photographs that 

ADWR reviewed follows. 
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2.2.1 1930s Fairchild 

ADWR received 1930s aerial photographs from the Arizona State University (ASU) Map 

Collection.  The black and white photography came from the Navajo and Little Colorado 

projections of the Fairchild Surveys which were flown between 1934 through 1937.  The original 

scale of the photographs was 1:30,000, with each covering approximately 15 minutes of latitude 

and 15 minutes of longitude, or about 240 square miles.  ADWR found during its review that the 

latitude and longitude markings on some of these photographs were in error.  Figure 4 provides 

an index and an example of the 1930s photography. 

 

2.2.2 1950s Army Map Service 

The Bureau of Indian Affairs (BIA) provided ADWR with a scanned copy of a set of 

aerial photographs from the Army Map Service Collection that was flown between February 

1954 and October 1955.  As specified on the prints, the photographs were taken as part of USGS 

Projects VV-HU and VV-OA.   Their original scale is believed to be between 1:30,000 and 

1:37,400, with each photograph covering approximately 55 square miles.  Figure 5 provides a 

flight line index and an example of the 1950s photography. 

 

2.2.3 1970s USGS 

ADWR already had a copy of several aerial photographs flown by the USGS in the 

1970s.  Some individual photographs of the Reservation not in ADWR’s collection were 

obtained from the ASU Map Collection.  This set of black and white photographs was originally 

scaled at 1:24,000, with each photograph covering one 7.5-minute quad or approximately 60 

square miles.  Figure 6 provides an index and an example of the 1970s photography. 

 

2.2.4 1974 BIA  

The BIA also provided ADWR with a scanned copy of a set of aerial photographs flown 

in 1974.  Each of the 445 low-elevation aerial photographs covers approximately 7 square miles.  

The photography is black and white and there is significant overlap between neighboring images 

because the originals were taken as stereopairs.  This high-quality photography only covers the 

District 6 portion of the Reservation.  Figure 7 provides an index and an example of the 1974 

photography.   
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2.2.5 1980s NHAP 

ADWR also obtained a scanned copy of 1980s aerial photography from the BIA.  This 

imagery originated from the USGS National High Altitude Photography (NHAP) program.  

NHAP photography was taken at an altitude of 40,000 feet and processed over USGS 7.5-minute 

quads. Black and white photography obtained under the NHAP program was originally scaled at 

1:80,000 (USGS, 2006a).   Approximately 70 images along Flight Lines 81, 83 and 93 were 

provided.  ADWR created mosaics of these images to simplify their analysis.  Between four and 

eight individual images comprised each mosaic and each mosaic covered between 180 to 360 

square miles.  ADWR did not receive any 1980s photography from the BIA for the Moenkopi 

portion of the Reservation.  Figure 8 provides an index and an example of the 1980s 

photography. 

 

2.2.6 1990s USGS NAPP 

To review the claimed agricultural lands during the 1990s, ADWR used a set of black 

and white photography that the USGS had flown as part of its National Aerial Photography 

Program (NAPP).   This imagery was taken at an altitude of 20,000 feet with the original prints 

centered on quarter sections of the 7.5-minute USGS quads (USGS, 2006b).  In the vicinity of 

the Reservation, each original print covers approximately 15 square miles.  ADWR used a 

mosaic of the dataset that had been compressed into an Enhanced Compressed Wavelet (ECW) 

format for each half degree or 30 minute section.  The ECWs were compressed in 2002 by the 

Arizona State Land Department with some loss in resolution from the originals.  ADWR was 

unable to obtain the original, uncompressed images.  Figure 9 provides an index and an example 

of the 1990s photography. 

 

2.2.7 2005 US Census Imagery 

ADWR also reviewed the claimed agricultural lands using aerial photography flown 

between June and October 2005 for the U.S. Census (SCO, 2005).   ADWR obtained the imagery 

as county mosaics that had been compressed into a multi-resolution, seamless image database 

(MrSID) format.  The one-meter pixel resolution, color imagery covered the entire Reservation 

and was collected at a scale of 1:40,000 (flown approximately 20,000 feet above ground).  

Figure 10 provides an index and an example of the 2005 photography. 
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3.0 ADWR METHODOLOGY 
 
 
 

3.1 FIELDS SELECTED FOR VERIFICATION 
After joining contiguous claimed fields, ADWR staff randomly reviewed about 25% of 

the resulting fields that covered between 0 and 10 acres, about 50% of the fields that covered 

between 10 and 100 acres, and 100% of the fields that covered more than 100 acres.  Table 1 

summarizes the number of fields that ADWR selected for verification.  Overall, 34% of the 

2,214 joined fields were reviewed, representing 76% of the total claimed acreage.    

 

 

3.2 GEODATABASE DESIGN 
Data associated with the 2,214 joined fields that comprise the Hopi agricultural claim 

were stored in a Microsoft Access file and queried using a personal geodatabase designed in 

ESRI’s ArcCatalog 9.2.  Locational data were referenced to the North American Datum of 1983 

(NAD83), and projected as High Accuracy Reference Network (HARN) Universal Transverse 

Mercator (UTM) coordinates.  Whether a field was selected for verification by ADWR, evidence 

of agriculture based on ADWR’s review of the aerial photography, and various other information 

were also stored in the geodatabase. 

Table 2 lists the specific data (attributes) stored in the geodatabase for each field and 

Table 3 lists the levels of evidence that ADWR found of agriculture.  The latter is discussed 

further in Section 3.4. 

 

 

3.3 PREPARATION OF AERIAL PHOTOGRAPHS 
Most of the aerial photography available to ADWR for field verification effort was 

scanned, digital versions of hard-copy prints that had been stored as Tagged Image File Format 

(TIFF) images.  The photography often lacked a spatial reference and had to be georeferenced 

and indexed by ADWR before it could be reviewed. 
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3.3.1 Georeferencing  

The following steps were taken by ADWR GIS staff to spatially reference the aerial 

photographs: 

1. The images were added to a project file containing locational information including 

boundaries of the Reservation and USGS quads, latitude and longitude lines, and the 

2005 imagery;  

2. Using the ArcGIS Georeferencing Toolbar, the images were rotated so that north was 

up; 

3. Several control points were added that provided map coordinates for known positions 

on each image. Known positions could include a distinct geologic feature, a road 

intersection or even a unique tree.  By adding control points, the scale of the images 

was automatically adjusted and the images were rotated to a more accurate position;   

4. Georeferencing data were saved when the analyst was satisfied with the final 

alignment or ‘registration’ of the images; and 

5. The registered images were transferred to a new file for later analysis. 

3.3.2 Indexing 

ADWR created indices for most of the aerial photographs that it reviewed.  Indices for 

the 1930s Fairchild and 1970s USGS photographs were based on USGS quad boundaries, with 

each 1970s photograph corresponding to a 1:24,000 quad and each 1930s photograph 

corresponding to four 1:24,000 quads.  An index for the 1950s photographs was developed based 

on the associated flight lines and an index for 1980s photography consisted of 13 ‘tiles’ with 

each tile representing a mosaic of several individual photographs. 

 

 

3.4 ANALYSIS OF AERIAL PHOTOGRAPHY 
After the geodatabase was designed and the aerial photography georeferenced and 

indexed, ADWR began to review the claimed fields that it had selected for verification.  The 

following levels of evidence were used by ADWR to record whether it had verified agricultural 

activity: 
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• If there was photographic evidence of agriculture across an entire field in a given year, 

ADWR’s observation was recorded in the database and coded for that year as “Yes”; 

• If only part of a selected field showed evidence of agriculture, ADWR’s observation was 

recorded for that year as “Partial”; 

• If, due to poor image quality, it was difficult to determine if agriculture had actually 

occurred in an area, ADWR’s observation for that year was recorded as a “Questionable”; 

• If there was no evidence of agricultural activity on any part of the field in a given year, 

ADWR’s observation was recorded as “No”; 

• If there was already evidence of agriculture in another year, the analyst did not review the 

photography for additional years and recorded ADWR’s observation as “Not Reviewed”; 

and 

• In some areas of the Reservation, aerial photography was unavailable for a given year, in 

which case ADWR’s observation was recorded as “No Coverage”.   

These levels of evidence are further summarized in Table 3.   

Because the claimed Hopi agricultural lands represent a composite of any farming 

activity occurring on the Reservation from the 1930s onward, ADWR only attempted to verify 

that a given field had been cropped at least once during this period.  Once convincing evidence 

was found, ADWR’s review of other photography could stop.  Alternatively, if no evidence was 

found in a given year, other available photography was analyzed by ADWR and all of the 

evidence combined.  A ‘composite’ determination was then entered into the geodatabase 

Figure 11 shows the methodology flowchart used to determine whether a claimed Hopi 

field had been verified by ADWR.  Note that ADWR did not attempt to verify the type of 

irrigation that had been claimed for each field, only whether there was photographic evidence 

that the claimed agricultural lands had been previously cropped. 
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4.0 RESULTS 
 
 
 

Table 4 summarizes ADWR’s verification results.  ADWR reviewed 29,399 acres or 

76% of the total claimed agricultural acreage on the Reservation.  Of the acreage that ADWR 

reviewed: 

• About 11% was found to have complete evidence of agricultural activity; 

• About 55% was found to have partial evidence of agricultural activity in one or more 

years; and 

• About 34% was found to have either questionable or no evidence of agricultural activity 

in the available photography. 

In Table 5, ADWR estimates the evidence of agriculture for the entire claim based on 

extrapolating the results from the claimed fields that ADWR did attempt to verify.  The total 

claimed acreage (38,565) was multiplied by the percentage of fields that ADWR determined had 

complete, partial, questionable or no evidence of agriculture.  Based on this extrapolation, 

ADWR estimates that there is convincing or partial evidence of farming on 25,261 acres of the 

Reservation that were claimed as agricultural lands and questionable or no evidence of farming 

on the other 13,304 acres that were claimed for this purpose.  Note that it is possible that 

portions of the estimated 5,760 ‘questionable’ acres have been used for agriculture, but the 

photographic evidence was inconclusive.   

Appendix B presents a series of USGS quads that show the location of claimed 

agricultural lands by irrigation type and the results of ADWR’s analysis.  Also shown on the 

quads are drainages with runoff areas of 0.01, 0.1, and 1.0 square kilometers.  ADWR (2008b) 

used digital elevation model (DEM) data and geospatial modeling to derive these drainages.  The 

modeled drainages suggest that all or portions of most claimed fields may obtain water from 

surface runoff.  An index map is included in the appendix that shows the location of the 54 quads 

where Hopi agriculture is claimed. 
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Tables 



Acreage Range
Field

Selection Field Count1 Total Acreage2

Percentage of 
Fields Reviewed 
Within Acreage 

Range

Percentage of Total 
Fields Reviewed

Percentage of Total 
Acreage Reviewed

Not Reviewed 1,242 3,818

Reviewed 448 1,354

Subtotal 1,690 5,172

Not Reviewed 216 5,348

Reviewed 245 7,046

Subtotal 461 12,393

Not Reviewed 0 0

Reviewed 63 21,000

Subtotal 63 21,000

All Acreage 
Ranges Total 2,214 38,565 --- 34.15% 76.23%

Notes:
            1 A total of 8,210 individual fields were claimed.  ADWR reduced this number to 2,214 by joining fields that bordered each other.
            2 The total acreage of agricultural lands listed in the claims (38,556) was slightly lower than that shown on maps provided to
           ADWR by the claimants (38,565).

18.27%

100.00% 54.45%

20.23%

11.07%

2.85%

TABLE 1. FIELDS SELECTED BY ADWR FOR VERIFICATION

0 to 10 acres

10  to 100 acres

>100 acres

26.51% 3.51%

53.15%
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NAME DESCRIPTION TYPE DOMAIN

OBJECTID Auto Number assigned by ArcGIS Integer

SHAPE Automatically generated geometric 
calculation

Object Linking & 
Embedding (OLE)

Ag_1930s

Ag_1954

Ag_1970s

Ag_1974

Ag_1980s

Ag_1990s

Ag_2005

Complete Record of whether the review of a 
field had been completed Text Y = Yes

N = No

Comp_Evidence Combined or 'composite' evidence Text

Y = Yes
P = Partial
Q = Questionable
N = No
NS= Not Selected For Review

Remarks_1930s

Remarks_1954

Remarks_1970s

Remarks_1974

Remarks_1980s

Remarks_1990s

Remarks_2005

Pre_Select Was field selected for verification Text Y = Yes
N = No

Reviewer1 ADWR staff that conducted the 
primary verification Text

Reviewer2 ADWR staff that conducted the 
secondary verification Text

SHAPE_Length Automatically generated geometric 
calculation Number

SHAPE_Area Automatically generated geometric 
calculation Number

Acres Acreage of field Number

Acreage_Range Acreage range of field Text Either 0-10, 10-100 or 100+

WRWDM=Bill Musielak
WRCLB = Carol Birks

TABLE 2.  ATTRIBUTES OF AGRICULTURAL FIELDS STORED IN GEODATABASE

Remarks on evidence

Evidence of agriculture by given 
year(s) of aerial photography Text

Text

Y = Yes
P = Partial
Q = Questionable
N = No
NS= Not Selected For Review
NC=No Coverage
NR=Not reviewed due to evidence 
found in alternate year(s)
R=More Review Needed
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DATABASE 
CODE

LEVEL OF 
EVIDENCE EXPLANATION

Y Yes (Complete) Convincing evidence of agriculture within the entire claimed area

P Partial Convincing evidence of agriculture within part of claimed area

Q Questionable Inconclusive evidence of agriculture within claimed area 

N No No convincing evidence of agriculture within claimed area

NS Not Selected Field not selected for verification

NC No Coverage Aerial photography not available in given year for claimed area

NR Not Reviewed Not reviewed since convincing evidence found in other year(s)

TABLE 3.  LEVELS OF EVIDENCE USED BY ADWR TO SPECIFY WHETHER FIELD 
WAS PREVIOUSLY CROPPED
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EVIDENCE OF 
AGRICULTURE?

NUMBER OF 
JOINED FIELDS

CLAIMED 
ACREAGE

PERCENTAGE OF 
ACREAGE 
REVIEWED

PERCENTAGE OF 
TOTAL ACREAGE 

CLAIMED

Complete 147 3,192 10.86% 8.28%

Partial 222 16,065 54.64% 41.66%

Questionable 204 4,391 14.94% 11.39%

No 183 5,751 19.56% 14.91%

Total Reviewed 756 29,399 100.00% 76.23%

Not Selected For 
Review 1,458 9,166 --- 23.77%

Total Claim 2,214 38,565 --- 100.00%

TABLE 4.  ADWR VERIFICATION RESULTS
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EVIDENCE OF AGRICULTURE? PERCENTAGE OF ACREAGE ESTIMATED ACREAGE

Complete 10.86% 4,187

Partial 54.64% 21,074

Questionable 14.94% 5,760

No 19.56% 7,544

Total Claim 100.00% 38,565

Note:
           1 Based on extrapolating ADWR's verification results from Table 4 to the fields that it did not select for review.  In other words,
          the total claimed acreage (38,565) was multiplied by the percentage of fields that ADWR determined had complete, partial, 
          questionable or no evidence of agriculture.

TABLE 5.  ADWR ESTIMATE OF PREVIOUSLY CROPPED ACREAGE1
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Example of Very
Small Fields in
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Figure 3
Example of Claimed Fields
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Figure 4

Example of 1930s
Fairchild Aerial

Photography
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Figure 5

Example of 1950s Army
Map Service

Aerial Photography
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Figure 6

Example of 1970s USGS
Aerial Photography
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Figure 7

Example of 1974 BIA
Aerial Photography
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Figure 8

Example of 1980s NHAP
Aerial Photography
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Figure 9

Example of 1990s USGS
NAPP Aerial Photography
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Figure 10

Example of 2005 US
Census Aerial
Photography
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