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ABSTRACT 19 

 20 

Riparian areas constitute a small portion of arid rangelands, but provide a disproportionate 21 

amount of ecosystem services to wildlife and human populations. Current field-based methods 22 

used to assess and monitor riparian areas are limited because of their inability to account for 23 

spatial and temporal variation. An alternative approach is presented here that assesses riparian 24 

areas using nested imagery. This approach is cheaper, and more efficient than traditional 25 

methods. We used 1-meter imagery to delineate areas around streams that showed evidence of 26 

seasonal wetting. Within this delineated area, we classified pixels into basic landcover types and 27 

compared this classification to intensive on-the-ground measurements. We then linked the 28 

classification to Landsat imagery. Linking the 1m imagery to Landsat imagery allowed us to 29 

document changes in riparian areas over the 43 year Landsat image archive. The percent of 30 

riparian vegetation within the wetted area (per stream reach) can then be converted into a Proper 31 

Function and Condition (PFC) rating using Classification and Regression Tree (CART) analysis. 32 

We applied this process to several riparian areas in a watershed in northern Nevada, USA.  On-33 

the-ground assessment of vegetation was highly correlated (R
2 

= 0.82; p < 0.01) to the 1 meter 34 

resolution imagery classification.  Similarly, the classification of vegetation from 1 meter 35 

resolution imagery was highly correlated with the vegetation classification from Landsat imagery 36 

(R
2 

= 0.74; p < 0.03). When the image modeled PFC assessment was cross validated to 37 

independently acquired PFC assessments, our assessment agreed in 75% of the cases.  This 38 

overall technique has great potential to place riparian condition change in a contextual 39 

perspective that has not been available before.  Past management practices can be evaluated for 40 

their effectiveness in altering riparian vegetation within riparian areas for improved management 41 

in the future.   42 
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INTRODUCTION 49 

 50 

Although riparian areas occupy only a small percentage of arid and semi-arid lands, they are 51 

disproportionately important in the provisioning of ecosystem services.  These systems play a 52 

critical role in storing and cleaning water as well as positively influencing plant and animal 53 

populations. Riparian areas are important for many species of wildlife including big game, song-54 

birds, reptiles, and fish (Johnson et al. 1977; Cooperrider et al. 1986; Ohmart 1996).  These 55 

habitats provide food, cover, and water during part or all of their life cycle.  Consequently, 56 

positive relationships exist between riparian areas and the distribution and / or density of a 57 

variety of species—even species not traditionally associated with riparian habitats.  For example, 58 

the Greater Sage-grouse (Centrocercus urophasianus), summer and late brooding habitat is 59 

associated with riparian areas (Connelly et al. 2000)  Consequently, riparian areas can be 60 

indicators of the general condition and stability of large landscapes (e.g., watersheds) that 61 

contribute to them (Wayland 1997; Pusey and Arthington 2003). 62 

Because of the crucial role of riparian areas and potential as indicators of watershed 63 

condition, there are a number of laws, guidelines, and initiatives that dictate management of 64 

riparian areas on federally owned lands in the United States.  Monitoring of riparian areas in 65 

relation to these laws and guidelines, however, is often difficult.  Riparian areas are linear 66 

geographic features that traverse large areas. The scattered nature and limited accessibility of 67 

riparian areas can result in high costs to collect monitoring data (West 1999; Booth et al. 2007; 68 

McKean et al. 2009).  Traditional riparian monitoring that focuses on conditions at relatively few 69 

locations may bias outcomes because policy is based on data from only a few generally 70 

accessible locations instead of the entire watershed (Knopf et al 1988).  Furthermore, riparian 71 

areas often have high spatial and temporal variation which further complicates efforts to 72 
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adequately evaluate them relative to land management actions like grazing (Blanco et al. 2009; 73 

Winward 2000).   74 

Remote sensing using air and space-borne electro-optical sensors at various spatial and 75 

spectral resolutions provides a potential solution to the assessment of riparian condition.  Remote 76 

sensing has been shown effective at mapping land cover and estimating productivity of 77 

vegetation (Congalton et al. 2002; Engelhardt et al. 2012; Kamp et al. 2013; Sant et al. 2014).  78 

Because streamside vegetation strongly influences fish populations, water temperature, sediment, 79 

chemistry, and water table elevation (Meehan et al. 1977; Stromberg 2001; Dosskey et al. 2010) 80 

detection of changes in riparian vegetation with remote sensing may be a simple, acceptable, and 81 

cost effective means of monitoring riparian conditions and trend. Furthermore, evaluating current 82 

conditions in the context of historical impacts using remote sensing could guide future 83 

management and provide information on the effectiveness of management actions related to 84 

riparian areas.    85 

We describe a process that integrates 1m and 30m resolution remotely sensed imagery to 86 

model, map, and validate riparian vegetation across a large watershed. Measurements of riparian 87 

vegetation collected with established quantitative and qualitative field-based methods were used 88 

to validate measurements of riparian vegetation made with remotely-sensed imagery collected 89 

over the same locations. Our objective was to demonstrate a simple and repeatable monitoring 90 

process for determining riparian condition across multiple spatial and temporal scales including 91 

stream reaches, pastures, streams, allotments, and watersheds.  92 

STUDY AREA 93 

 94 

We analyzed 237 km of streams over 13 years (1997-2009) within the Upper Rock Creek 95 

Watershed located in North Central Nevada (Figure 1).  This watershed covers 132,667 ha with 96 
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elevations that range between 1,500m and 2,400m.  Annual precipitation was 250-300mm 97 

(SCAS, 2005). Streams within this watershed re generally shallow and low volume, but highly 98 

variable due to fluctuations in annual precipitation.  Riparian areas in good condition were 99 

characterized by perennial water and the presence of water-loving plant species including 100 

willows (Salix sp.) and sedges (Carex sp.) with very little bare ground. Riparian areas in poor 101 

condition were characterized by intermittent water flow and upland species such as sagebrush 102 

(Artemsia sp.) and drought tolerant grasses with large amounts of bare ground.  103 

METHODS 104 

RIPARIAN ASSESSMENT METHODS 105 
Riparian vegetation can be defined as plants that need higher than ambient amounts of water.  Its 106 

presence or absence can be indicative of riparian health characteristics. For example, riparian 107 

vegetation is symptomatic of near surface water, while upland vegetation and bare ground 108 

occurring within riparian zones indicate a lower water table and possibly poorly functioning 109 

riparian area. In contrast, riparian vegetation and/or surface water indicate improved riparian 110 

condition (Elmore and Bescheta 1987; Swanson 1989). Additionally, riparian vegetation shows 111 

less inter-annual variation associated with climatic conditions than upland vegetation and 112 

therefore serves as a better indicator of trend. Because riparian vegetation is easily separated 113 

from upland vegetation in semi-arid environments using remotely-sensed imagery, we utilized 114 

several imagery types and methods to map riparian vegetation across time within the Upper Rock 115 

Creek Watershed.  116 

To define the spatial context for this study, we limited our analysis to the Potential 117 

Riparian Area (PRA). The PRA is the area flanking the primary drainage that shows evidence of 118 

seasonal flooding, and therefore is likely to have a water table close enough to the surface to 119 

support riparian vegetation such as willows and sedges.  Beyond the PRA, available moisture can 120 
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only support upland vegetation species (Fisher 1995; Naiman and D´ecamps 1997; Booth et al. 121 

2012).  Water availability distinguishes riparian areas from upland areas and is the single most 122 

important factor influencing riparian ecosystems and its associated vegetation structure (Brinson 123 

et al. 1981; Kovalchik and Chitwood 1990; Hupp and Osterkamp 1996).   124 

Our primary remote sensing data sources included National Agricultural Imagery 125 

Program (NAIP) 4-band (Blue, Green, Red, and NIR) 1m data collected during the summer of 126 

2006, and Landsat Thematic Mapper (TM) 30m imagery acquired for the summers of 1997, 127 

1999, 2001, 2003, 2006, 2008, and 2010.  Our primary ground-based data included quantitative 128 

vegetation cross-section surveys, qualitative PFC assessments, and GPS locations of the PRA 129 

boundary. In brief, The NAIP imagery was used to delineate PRAs and create a riparian 130 

landcover classification using visual interpretation of training sites. The PRA classification was 131 

then validated using GPS located ground-based assessments of the PRA boundary. The accuracy 132 

of the NAIP riparian landcover classification within the PRA was validated using vegetation 133 

cross-section surveys. We used current and historic Landsat Thematic Mapper (TM) imagery to 134 

create binary riparian/non-riparian vegetation classifications within the delineated PRA and 135 

validated it with the classified 2006 NAIP riparian landcover classification. The proportion of 136 

riparian vegetation within a given PRA modeled from TM imagery was used to predict the PFC 137 

rating and was validated with the on-the-ground PFC assessments. 138 

GROUND DATA ASSESSMENT METHODS 139 
VEGETATION CROSS-SECTION. In 2006 a total of 14 ground-based vegetation 140 

cross-section composition surveys (Barrick Goldstrike Mines, Inc. 2010) were established along 141 

Willow, Nelson, and Lewis Creeks using assessment protocols defined by Winward (2000). This 142 

survey was designed to quantify the proportion of each community type in a particular riparian 143 

complex. The method is useful to indicate change and trajectory of riparian condition (Winward 144 
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2000). At each survey location field crews established 5-systematically spaced transects where 145 

the start and end points were recorded with a high precision GPS. A fiberglass tape was stretched 146 

between these two points perpendicular to the channel direction. Vegetation community type was 147 

recorded at every 6-inch intercept. For this survey, community type was defined by the dominant 148 

taxa at that location (Winward 2000; Barrick Goldstrike Mines, Inc. 2010).  Data taken along the 149 

length of each of the 5 transects were then summarized to calculate the percent occurrence of 150 

each community type within the sampled area.  151 

ON-THE-GROUND PFC ASSESSMENT METHOD. The PFC ground methodology 152 

follows a qualitative approach to determine condition of riparian areas. The term PFC is used to 153 

describe both the assessment process and the condition of a riparian-wetland area. This ground-154 

based assessment refers to how well the physical processes of that riparian area are functioning. 155 

Using an interdisciplinary team, a checklist of yes and no questions are answered in reference to 156 

hydrology, vegetation, and erosion/deposition.  Individual stream reaches are then classified into 157 

three categories including: Proper Function and Condition (PFC), Functioning at Risk (FAR), or 158 

Non-Functioning (NF) based on the summation of the checklist. A high proportion of yes 159 

answers results in a PFC classification and a high proportion of no answers results in a NF 160 

classification (Prichard et al. 1999). Although usually collected on the ground, PFC can be 161 

assessed by aerial photo interpretation (Prichard et al. 1996; Booth 2007). The 1991 Riparian-162 

Wetland Initiative established U.S. national goals and objectives for managing riparian-wetland 163 

resources on public lands (Prichard et al. 1999). One of the principal goals of this initiative was 164 

to restore and maintain riparian-wetland areas so that 75 percent or more were categorized into 165 

the PFC category by 1997. The PFC assessment process has become a ubiquitous metric used 166 

across U.S. federal land management agencies to assess riparian areas.  167 
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The Elko District of the BLM oversaw the collection of a total of 55 PFC assessments 168 

within the Upper Rock Creek watershed. They made these assessments on 23 different stream 169 

reaches in 1997(1), 1999(5), 2001(5), 2003(13), 2006(15), 2008(11), and 2009(5). The 15 PFC 170 

assessments made in 2006 were based on aerial photo interpretation. Stream reaches were 171 

determined by the BLM and were dependent on factors such as gradient, riparian area width, 172 

stream dendritic attributes, and management units.  173 

IMAGE PROCESSING METHODS. PRA Delineation. We delineated the PRA on 174 

2006 1m NAIP Color Infrared (CIR) imagery by visually digitizing training sets, applying the 175 

training set to the entire landscape using object oriented classification techniques, and 176 

aggregating the classification to remove spurious objects (Figure 2). The training set consisted of 177 

polygons that spanned the current flood plain of the riparian area. These training samples were 178 

applied to the remaining image pixels using the ―Land Cover Feature‖ and ―Manhattan Input 179 

Representation 3*3‖ algorithms within the Feature Analyst software (Maxwell 2010; Booth 180 

2012). The resulting classification resulted in errors of omission inside of the PRA and errors of 181 

commission outside of the PRA. We eliminated these errors by aggregating the classified 182 

polygons by 10,000 pixels. Using higher and lower aggregation thresholds were tested and the 183 

10,000 pixel threshold provided the best results.  184 

NAIP Land Cover Classification. We used 1m NAIP CIR imagery acquired in 2006 to 185 

classify pixels into the basic functional groups of riparian vegetation, upland vegetation, bare 186 

ground, and water/shadow for Willow, Nelson, and Lewis Creeks within the study area (Figure 187 

3). The goal of this classification was to provide sufficient detail to capture localized processes 188 

while providing a generalized framework for region wide assessments (Ustin and Gamon 2010).  189 

We mapped each land cover type using the Visual Learning Systems Feature Analyst Software 190 
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5.1.2.0
TM

 (2013). We selected a minimum of ten samples for each land cover class and digitized 191 

them as polygons by visually assessing the image and digitizing small areas of the appropriate 192 

ground cover type (Maxwell 2010). These polygons served as training samples to classify the 193 

remaining image pixels using the ―Land Cover Feature‖ and ―Manhattan Input Representation‖ 194 

algorithms within the Feature Analyst software. 195 

Landsat Imagery Classification. We obtained publicly available Landsat 5 Thematic 196 

Mapper (TM) 30m, 7-band imagery covering our study site collected on August 30, 2006 197 

(selected to coincide with the NAIP acquisition date). We downloaded the image from the 198 

United States Geological Survey (USDI-USGS), Earth Explorer website (USDI-USGS 2006) 199 

and segmented it to the Upper Rock Creek Watershed study area.  We then re-projected the TM 200 

image to UTM zone 11 NAD83 to match other data layers in our study area. We then converted 201 

the 2006 TM image to percent reflectance (Chavez 1996) and normalized it for sun angle.  Next, 202 

A Normalized Difference Vegetation Index (NDVI) (Lyon et al. 1998) layer was created from 203 

the reflectance image.  Riparian areas mapped using the 2006 NAIP imagery were used to 204 

establish an NDVI threshold indicative of riparian vegetation. This comparison indicated that an 205 

NDVI threshold of 0.3 effectively separated riparian from non-riparian vegetation within the 206 

PRA. Using this threshold, the NDVI image was converted to a binary classification that 207 

assigned NDVI values less than 0.3 to upland vegetation, and values greater than or equal to 0.3 208 

to riparian vegetation.  This provided a map of riparian and non-riparian vegetation restricted to 209 

the established PRAs. 210 

Landsat Estimated Proper Function and Condition. Using Landsat TM imagery for 211 

multiple years, we classified all stream reaches within the study area into a PFC rating for each 212 

year. The same image processing techniques used for the 2006 image were applied to TM 213 
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imagery collected in 1997, 1999, 2001, 2003, 2008, and 2010. These years temporally match the 214 

years that on-the-ground PFC assessment data was collected. Additionally, the multi-temporal 215 

Landsat imagery was radiometrically normalized to the 1997 image using a Pseudo Invariant 216 

Features (PIF) process (Schott et al. 1988; Callahan 2003; Sant 2005; Booth 2012). The 1997 217 

image was used because of the atmospheric clarity of that date. We then calculated the percent 218 

riparian vegetation for each reach (defined by the BLM) based on the Landsat NDVI binary 219 

classification described above. A CART model was then applied where the percent riparian 220 

vegetation for each reach was the explanatory variable and the 55 on-the-ground PFC assessment 221 

was the response variable (De’ath and Fabricus 2000). The classification was performed in R (R 222 

Development Core Team 2008) applied through ArcMap 10.1 (ESRI 2011) for our analysis. We 223 

used R to run the CART model. ArcMap then applied the model to predict the PFC Rating for 224 

each reach. 225 

ACCURACY ASSESSMENT 226 

We assessed the accuracy of the NAIP and TM products using several methods and 227 

datasets. The NAIP delineated PRA was tested for accuracy using an independent ground-based 228 

assessment of the PRA. For the NAIP based riparian classification, we used Barrick Goldstrike 229 

Mines, Inc. (2009) vegetation cross-section measurements. The 2006 Landsat riparian 230 

classification accuracy was determined by comparing the TM derived percent of riparian 231 

vegetation within each reach’s PRA to the NAIP 2006 derivation. The historic Landsat data’s 232 

ability to predict PFC was assessed by withholding 20% of the training data and determining 233 

how many of the withheld samples were classified into the same classes. 234 

We used ground survey data for accuracy assessment of the PRA.  These data consisted 235 

of 103 GPS points collected with a consumer grade GPS along the field-interpreted edge of the 236 
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PRA for a 2km portion of Willow Creek.  To assess the NAIP classification of riparian 237 

vegetation we used the riparian vegetation proportion of each of the 14 vegetation cross-section 238 

riparian surveys (Barrick Goldstrike Mines, Inc. 2010). We calculated the proportion of riparian 239 

vegetation for each survey by first summarizing unique community types into riparian, upland, 240 

and water/channel. Second, the riparian vegetation of the five transects of the survey were 241 

summed and divided by the entire length of the five transects. This resulted in the proportion of 242 

riparian vegetation for the entire survey area. Using the GPS records for the beginning and end 243 

of each transect we created a polygon where we assumed the proportion of riparian vegetation 244 

from all five transects was representative of the polygon. The percent of riparian vegetation 245 

within the polygon was then calculated from the NAIP classification. The percent of riparian 246 

vegetation determined by the survey was then linearly regressed to the percent of riparian 247 

vegetation determined from the NAIP imagery to assess the strength (R
2
) of the correlations.  248 

We determined the accuracy of the Landsat riparian classification by comparing results to 249 

the NAIP riparian classification. To make the comparison, we segmented the PRA into 38 250 

segments on Willow, Nelson, and Lewis Creeks of the UWCEA. Beginning at the lowest point 251 

of Willow Creek within the UWCEA, a segment was created by going upstream 1000 meters. 252 

This process was repeated every 1000 meters upstream. Forks in a stream identified segment 253 

breaks if the total stream length was less than 1000 meters. The mean segment length was 976m 254 

with a standard deviation of 100m. The NAIP generated riparian classification proportion for 255 

each segment and the Landsat riparian classification for the same segments were linearly 256 

regressed to determine the strength (R
2
) of each relationship. 257 

To assess accuracy of the Landsat estimated PFC, we randomly assigned 80% of the total 258 

PFC samples as training and 20% as validation.  We repeated this process five times with five 259 
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different combinations of training and validation data sets. We then compared the PFC ratings of 260 

the validation data set to the Landsat estimated PFC rating. The results were reported as mean 261 

and standard deviation for the five iterations. 262 

RESULTS 263 

The average difference between the NAIP delineated PRA and field delineated PRA was 264 

4.2m with a standard deviation of 2.5m. Overlay of the image derived PRA with GPS locations 265 

from the on-the-ground derived PRA showed a high concordance. We were comfortable with the 266 

level of agreement between the two PRA techniques since the primary purpose of the PRA was 267 

to identify the visible extent of the riparian zone adjacent to the stream and thus provide a spatial 268 

context to compare results from previous time periods. 269 

The NAIP imagery riparian classification (see example in Figure 3) was highly correlated 270 

to the Barrick Goldstrike Mines, Inc. 2010 vegetation cross-section measurements with an R
2
 271 

value of 0.82 (p < 0.01). The Landsat predicted riparian vegetation was correlated to the NAIP 272 

prediction with an R
2
 value of 0.74 (p < 0.03). Compared to field-based assessment of condition, 273 

the average PFC accuracy from remote sensing was 75% with a standard deviation of 7%.  The 274 

results by category were NF = 62%, FAR = 68%, and PFC = 86% when assessed across all five 275 

iterations. 276 

DISCUSSION 277 

We used NAIP 1m resolution imagery to define the PRA. The accuracy of the estimated 278 

PRA ensured geographic consistency of measured riparian vegetation within the PRA. This 279 

consistency allowed for precise temporal analysis of condition and trend of the riparian area over 280 

the streams in our study area. The NAIP 1m resolution also provided riparian vegetation maps to 281 

document the current extent of riparian vegetation across the streams of the entire watershed. 282 
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Mapping riparian vegetation accurately across large watersheds provides land managers with an 283 

unprecedented amount of evaluative power not available with limited point-based samples. 284 

Additionally, by validating the NAIP 1m resolution riparian vegetation to the 14 vegetation 285 

cross-section riparian surveys, we established a strong link between a quantitative on-the-ground 286 

method and our remote sensing approach. 287 

Landsat remotely sensed data were used to extract relevant riparian vegetation 288 

information and assess riparian condition over a large watershed across multiple years without 289 

observer bias. It can provide a framework that offers a current snapshot of riparian conditions 290 

that could be compared across time. The ability to assess past condition provides an avenue to 291 

assess response to management actions as they affect riparian condition. 292 

On-the-ground PFC assessment is a qualitative assessment of riparian areas. Qualitative 293 

assessments are prone to bias and confounding factors based on when they occurred and who 294 

made the assessments. These issues make direct comparisons of PFC across time and space very 295 

difficult. Figure 4 illustrates the differences between PFC ratings for observers for the on-the-296 

ground assessment of PFC of the study compared to the image based assessment. By using image 297 

based assessments of PFC the bias between times and observer error can be eliminated and 298 

assessments can be compared and analyzed across space and time. 299 

The power of the Landsat 30m resolution riparian vegetation maps provided not only the 300 

ability to extrapolate to larger landscapes, but also takes advantage of the unprecedented 41-year 301 

history of the Landsat program.  This unique ability to capture riparian condition for a significant 302 

time period provides managers with a contextual perspective that is not always (or ever was) 303 

available. Our multiple spatial and temporal scale assessment can be used to address many 304 

pressing issues in rangeland and riparian management.  These issues include the watershed level 305 
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estimation of riparian vegetation, the temporal variation in riparian condition, and assessment of 306 

impacts due to upland disturbance and management prescriptions. Furthermore, this type of 307 

analysis can provide much needed information relative to current issues such as the evaluation of 308 

Lahontan Cutthroat Trout habitat quality as well as habitat evaluation for other species of 309 

concern.  310 

USDI-BLM grazing allotment renewal through the NEPA process, for example, is 311 

dependent on the assessment of the standards of the four fundamentals of rangeland condition. 312 

Those four fundamentals are: (1) properly functioning watersheds; (2) water, nutrients, and 313 

energy cycles are working properly; (3) water quality meets state standards; and (4) habitat for 314 

special status species is protected.  Our process can effectively assess important components of 315 

these fundamentals over a large watershed at a 1-meter resolution. Additionally, we can detect 316 

changes in riparian condition over the time period of a current grazing permit and determine 317 

trend. This type of assessment can help managers determine if the permit holders term and 318 

conditions of grazing has maintained riparian condition and also suggest ways to improve 319 

grazing in the future. It allows managers to learn, do, evaluate, and support adaptive management 320 

so that riparian condition can be steadily improved. Figure 5 illustrates the change in PFC across 321 

all stream reaches in the Upper Rock Creek Watershed from 1997-2010. This time series 322 

indicates fewer reaches in the NF category and more in the PFC category after 2003. This 323 

corresponds with grazing management changes which occurred in 2003. 324 

CONCLUSION 325 

We demonstrated that NAIP and Landsat remotely sensed imagery can be used to 326 

effectively model riparian vegetation. By assessing riparian areas with this kind of imagery, 327 

validated with traditional quantitative and qualitative on-the-ground methods, we mitigated the 328 
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costs as well as the spatial and temporal limitations of traditional riparian monitoring methods. 329 

Using publically available imagery, it is possible to assess every reach of every stream annually 330 

at a fraction of the cost of doing an on-the-ground assessment for a sample of reaches. This 331 

overcomes spatial variation that cannot efficiently be addressed with point-based sampling. 332 

Temporal variation is overcome with yearly assessments of radiometrically calibrated imagery.  333 

This temporal ability helps evaluate long-term trends in riparian vegetation and also provides 334 

better knowledge of the influence of annual weather patterns.  Our technique, applied across 335 

time, has great potential to monitor riparian vegetation change and rangeland health in a 336 

contextual perspective that has not been available before.  In this way, past management 337 

practices can be evaluated for their effectiveness in altering riparian condition and with this 338 

hindsight, improved management prescriptions can be developed. 339 

340 
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 460 

 461 
Figure 1. A map of the watershed in northern Nevada, USA where we assessed riparian 462 

condition from 1997-2009 using remote sensing and compared this method to traditional on-the-463 
ground approaches to condition assessment.  Our study area was bounded north to south by 464 
41.428° N and 40.962°N and east to west by 116.289° W and 116.863° W.  465 

 466 
  467 



 

24 
 

 468 
Figure 2. PRA delineation illustration. Pane 1 illustrates the training polygons. Pane 2 shows the 469 
classification. Pane 3 is the final PRA after aggregation.   470 

 471 
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 472 
Figure 3. An example of a vegetation classification in the Upper Rock Creek Watershed. The 473 

imagery and classification are from the 2006 NAIP. The right hand pane shows the 2006 NAIP 474 
CIR imagery and the PRA.  The left hand pane shows the classification results from the 2006 475 

NAIP CIR imagery. 476 
  477 
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 478 
Figure 4. On-the-ground observations of PFC differ by the observer when compared to the PFC 479 
estimated from the TM imagery based on percent riparian vegetation per reach. Observer 1 is 480 

highly variable, only has 1 rating in agreement, and has few observations. Observers 2, 3, and 4 481 
are generally in agreement with the TM derived PFC rating and have many observations. 482 

Observer 5 has few observations but is in agreement with the TM derived rating.  Observer 6 has 483 
only three observations all of which are rated higher than what the image based estimate would 484 

be on those reaches.   485 
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 486 
Figure 5. The Landsat estimated PFC of all stream reaches within the Upper Rock Creek 487 
Watershed 1997, 2001, 2003, 2006, 2008, 2010. 488 

 489 


