
University of Denver University of Denver 

Digital Commons @ DU Digital Commons @ DU 

Geography and the Environment: Graduate 
Student Capstones Geography and the Environment 

6-2013 

BLM Riparian Area Management Technical Reference: Using UAS BLM Riparian Area Management Technical Reference: Using UAS 

Remotes Sensing Imagery to Assess Proper Functioning Remotes Sensing Imagery to Assess Proper Functioning 

Condition of Riparian-Wetland Areas Condition of Riparian-Wetland Areas 

Heather Fonda 
University of Denver 

Follow this and additional works at: https://digitalcommons.du.edu/geog_ms_capstone 

 Part of the Geographic Information Sciences Commons, and the Physical and Environmental 

Geography Commons 

Recommended Citation Recommended Citation 
Fonda, Heather, "BLM Riparian Area Management Technical Reference: Using UAS Remotes Sensing 
Imagery to Assess Proper Functioning Condition of Riparian-Wetland Areas" (2013). Geography and the 
Environment: Graduate Student Capstones. 36. 
https://digitalcommons.du.edu/geog_ms_capstone/36 

DOI 
https://doi.org/10.56902/ETDCRP.2013.8 

All Rights Reserved. 
This Masters Capstone Project is brought to you for free and open access by the Geography and the Environment 
at Digital Commons @ DU. It has been accepted for inclusion in Geography and the Environment: Graduate Student 
Capstones by an authorized administrator of Digital Commons @ DU. For more information, please contact 
jennifer.cox@du.edu,dig-commons@du.edu. 

https://digitalcommons.du.edu/
https://digitalcommons.du.edu/geog_ms_capstone
https://digitalcommons.du.edu/geog_ms_capstone
https://digitalcommons.du.edu/geographyandenvironment
https://digitalcommons.du.edu/geog_ms_capstone?utm_source=digitalcommons.du.edu%2Fgeog_ms_capstone%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/358?utm_source=digitalcommons.du.edu%2Fgeog_ms_capstone%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/355?utm_source=digitalcommons.du.edu%2Fgeog_ms_capstone%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/355?utm_source=digitalcommons.du.edu%2Fgeog_ms_capstone%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.du.edu/geog_ms_capstone/36?utm_source=digitalcommons.du.edu%2Fgeog_ms_capstone%2F36&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.56902/ETDCRP.2013.8
mailto:jennifer.cox@du.edu,dig-commons@du.edu


BLM Riparian Area Management Technical Reference: Using UAS Remotes BLM Riparian Area Management Technical Reference: Using UAS Remotes 
Sensing Imagery to Assess Proper Functioning Condition of Riparian-Wetland Sensing Imagery to Assess Proper Functioning Condition of Riparian-Wetland 
Areas Areas 

Abstract Abstract 
The Bureau of Land Management (BLM) was loaned older military Unmanned Aerial Systems (UAS) and is 
pioneering their employment for land management applications. Riparian areas make up a small 
percentage of BLM lands but are some of the most environmentally and economically valuable. 
Assessments of these riparian areas are required by law. Assessments from UAS imagery could become 
an important monitoring tool that is cheaper, safer and allows access to previously unreachable areas. 
This capstone project tests the UAS imagery for conducting riparian proper functioning condition (PFC) 
and quantitative assessments; and includes a technical reference with an interpretation key and GIS 
analysis instruction for future assessments. The test area imagery was mosaicked, analyzed and 
instructions documented for Google Earth, ArcGIS and ENVI software. 

Document Type Document Type 
Masters Capstone Project 

Degree Name Degree Name 
M.S. in Geographic Information Science 

Department Department 
Geography 

Keywords Keywords 
Riparian areas assessment, Land management applications, Unmanned Aerial Systems (UAS), 
Geographic Information System (GIS) analysis 

Subject Categories Subject Categories 
Geographic Information Sciences | Geography | Physical and Environmental Geography | Social and 
Behavioral Sciences 

Comments Comments 
Copyright is held by the author. User is responsible for all copyright compliance. 

Publication Statement Publication Statement 
Copyright is held by the author. User is responsible for all copyright compliance. 

This masters capstone project is available at Digital Commons @ DU: https://digitalcommons.du.edu/
geog_ms_capstone/36 

https://digitalcommons.du.edu/geog_ms_capstone/36
https://digitalcommons.du.edu/geog_ms_capstone/36


D i s c l a i m e r :  T h i s  c a p s t o n e  p r o j e c t  w a s  d e s i g n e d  t o  m e e t  t h e  r e q u i r e m e n t s  o f  t h e  U n i v e r s i t y  
o f  D e n v e r 's  M S G I S c  C a p s t o n e  c o u r s e .  T h e  B u r e a u  o f  L a n d  M a n a g e m e n t  ( B L M )  a n d  D U  a r e  
n o t  r e s p o n s i b l e  o r  l i a b l e  f o r  a n y  o f  t h e  i n f o r m a t i o n  p r e s e n t e d .  T h i s  d o c u m e n t  i s  n o t  a n  
o f f i c i a l  d o c u m e n t  o r  v i e w  o f  t h e  B L M  e v e n  t h o u g h  t h e  T e c h n i c a l  R e f e r e n c e  w i l l  b e .  N o  p a r t  o f  
t h i s  p u b l i c a t i o n  m a y  b e  r e p r o d u c e d ,  s t o r e d  i n  a  r e t r i e v a l  s y s t e m ,  o r  t r a n s m i t t e d ,  i n  a n y  f o r m  
o r  b y  a n y  m e a n s  ( e l e c t r o n i c ,  m e c h a n i c a l ,  p h o t o c o p y i n g ,  r e c o r d i n g ,  o r  o t h e r w i s e ) ,  w i t h o u t  
p r i o r  w r i t t e n  p e r m i s s i o n  f r o m  H e a t h e r  F o n d a .  
 
C o p y r i g h t  H e a t h e r  F o n d a .   A l l  r i g h t s  r e s e r v e d .  
 
 

 

C a p s t o n e  P r o j e c t  

 

 

B L M  R ip a r ia n  A r e a  M a n a g e m e n t  T e c h n ic a l  R e f e r e n c e :  U s in g  U A S  r e m o t e s  

s e n s in g  im a g e r y  t o  a s s e s s  P r o p e r  F u n c t io n in g  C o n d i t io n  o f  R ip a r ia n - W e t la n d  

A r e a s  

 

H e a t h e r  F o n d a  

D e p a r t m e n t  o f  G e o g r a p h y  

U n iv e r s i t y  o f  D e n v e r  

J u n e  2 0 1 3  

  



F o n d a  -  i i  
 

A b s t r a c t  
 

T h e  B u r e a u  o f  L a n d  M a n a g e m e n t  ( B L M )  w a s  lo a n e d  o ld e r  m i l i t a r y  U n m a n n e d  

A e r ia l  S y s t e m s  ( U A S )  a n d  i s  p io n e e r in g  t h e i r  e m p lo y m e n t  f o r  l a n d  

m a n a g e m e n t  a p p l i c a t io n s .  R ip a r ia n  a r e a s  m a k e  u p  a  s m a l l  p e r c e n t a g e  o f  

B L M  la n d s  b u t  a r e  s o m e  o f  t h e  m o s t  e n v i r o n m e n t a l l y  a n d  e c o n o m ic a l l y  

v a lu a b le .  A s s e s s m e n t s  o f  t h e s e  r ip a r ia n  a r e a s  a r e  r e q u i r e d  b y  la w .  

A s s e s s m e n t s  f r o m  U A S  im a g e r y  c o u ld  b e c o m e  a n  im p o r t a n t  m o n i t o r in g  t o o l  

t h a t  i s  c h e a p e r ,  s a f e r  a n d  a l l o w s  a c c e s s  t o  p r e v io u s ly  u n r e a c h a b le  a r e a s .  

T h i s  c a p s t o n e  p r o j e c t  t e s t s  t h e  U A S  im a g e r y  f o r  c o n d u c t in g  r ip a r ia n  p r o p e r  

f u n c t io n in g  c o n d i t i o n  ( P F C )  a n d  q u a n t i t a t i v e  a s s e s s m e n t s ;  a n d  in c lu d e s  a  

t e c h n ic a l  r e f e r e n c e  w i t h  a n  in t e r p r e t a t io n  k e y  a n d  G I S  a n a ly s i s  in s t r u c t io n  

f o r  f u t u r e  a s s e s s m e n t s .  T h e  t e s t  a r e a  im a g e r y  w a s  m o s a ic k e d ,  a n a ly z e d  a n d  

in s t r u c t io n s  d o c u m e n t e d  f o r  G o o g le  E a r t h ,  A r c G I S  a n d  E N V I  s o f t w a r e .   
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P r o j e c t  D e f i n i t i o n  
 
 T h e  U S  F e d e r a l  L a n d  P o l i c y  a n d  M a n a g e m e n t  A c t  o f  1 9 7 6  m a n d a t e s  5 -

y e a r  e c o lo g i c a l  a s s e s s m e n t s  ( B o o t h  e t .  a l ,  2 0 0 7 ,  6 3 7 ) .  R ip a r ia n  p r o p e r  

f u n c t io n in g  c o n d i t i o n  ( P F C )  i s  t h e  s t a n d a r d ,  q u a l i t a t i v e  m e t h o d  w i t h in  t h e  

B L M  f o r  d e t e r m in in g  h o w  w e l l  t h e  r ip a r ia n - w e t la n d  a r e a s  a r e  w o r k in g  a n d  t o  

m e e t  t h e  r e q u i r e m e n t s  o f  t h e  a c t .  P F C  e x a m in e s  t h e  h y d r o lo g y ,  v e g e t a t io n  

a n d  e r o s io n / d e p o s i t i o n  o f  s o i l s .  L o t i c  a n d  le n t i c  c h e c k l i s t s ,  c r e a t e d  b y  s u b j e c t  

m a t t e r  e x p e r t s ,  a r e  u t i l i z e d  t o  d e t e r m in e  t h e  o v e r a l l  h e a l t h  o f  t h e  r ip a r ia n -

w e t la n d  a r e a s  ( P r i c h a r d ,  1 9 9 8 ,  1 - 1 2 6 ) .   

 T h e  e x i s t in g  R ip a r ia n  A r e a  M a n a g e m e n t  T e c h n ic a l  R e f e r e n c e  ( T R )  f o r  

u s in g  a e r ia l  im a g e r y  t o  a s s e s s  P F C  d e s c r ib e s  t h e  im p le m e n t a t io n  o f  c o lo r  

in f r a r e d  ( I R )  s t e r e o  p r in t e d  p h o t o g r a p h s  f o r  e a c h  o f  t h e  i t e m s  o n  t h e  lo t i c  

c h e c k l i s t  ( P r i t c h a r d  e t  a l ,  1 9 9 9 ,  1 - 5 3 ) .   A s  b u d g e t s  h a v e  b e e n  c u t  in  r e c e n t  

y e a r s ,  t h e s e  im a g e s  a r e  n o t  b e in g  c a p t u r e d  a s  r o u t in e ly  a s  t h e y  u s e d  t o  b e ,  

a n d  f i e ld  o f f i c e s  a r e  lo s in g  t h e  e q u ip m e n t  a n d  e x p e r t i s e  t o  in t e r p r e t  s t e r e o  

p h o t o g r a p h s .   A  t e a m  w a s  f o r m e d  a t  t h e  B L M  N a t io n a l  O p e r a t io n s  C e n t e r  in  

D e n v e r  t o  d i s c u s s  t h e  n e e d  t o  a d a p t  t o  n e w  t e c h n o lo g ie s  a n d  f in d  a l t e r n a t iv e  

s o lu t io n s .  O n e  o p t io n  d i s c u s s e d  w a s  t h e  u s e  o f  U n m a n n e d  A e r ia l  S y s t e m s  

( U A S ) .  T h e  B L M  h a s  b e e n  p e r m a n e n t ly  lo a n e d  R a v e n ®  a n d  T - H a w k  U A S  

d r o n e s  f r o m  m i l i t a r y  s u r p lu s  f o r  f r e e .  T h e  B L M  a lo n g  w i t h  U n i t e d  S t a t e s  

G e o lo g i c a l  S u r v e y  ( U S G S )  i s  p io n e e r in g  t h e  u s e  o f  U A S  f o r  l a n d  m a n a g e m e n t  
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a p p l i c a t io n s .  T h i s  n e w  t e c h n o lo g y  f o r  l a n d  m a n a g e m e n t  i s  a n  e x c i t in g  

p r o s p e c t  b e c a u s e  i t  o f f e r s  t h e  a b i l i t y  t o  s u p p o r t  s c ie n t i f i c  r e s e a r c h  a n d  

e n v i r o n m e n t a l  m o n i t o r in g  o f  w i ld l i f e ,  n o x io u s  w e e d s ,  f i r e s  a n d  la n d  

c o n d i t i o n s  w h ic h  a r e  c r u c ia l  t o  l a n d  m a n a g e m e n t  in  a  s a f e r  a n d  c h e a p e r  

m e t h o d .  

 I  w a s  a s k e d  t o  c r e a t e  a  n e w  t e c h n ic a l  r e f e r e n c e  f o r  t h e  u s e  o f  t h e  U A S  

r e m o t e  s e n s in g  im a g e r y ;  s p e c i f i c a l l y  f o r  a s s e s s in g  R ip a r ia n  P F C  a n d  

a d d i t i o n a l  q u a n t i t a t i v e  a s s e s s m e n t s .  A t  t h a t  t im e ,  t h e  a m o u n t  o f  t h e  P F C  

a s s e s s m e n t  t h a t  c o u ld  b e  d e t e r m in e d  b y  U A S  im a g e r y  w a s  s t i l l  u n k n o w n .  

H o w e v e r ,  in i t i a l  im a g e r y  c o l l e c t e d  d u r in g  t h e  s u m m e r  a n d  e a r ly  f a l l  o f  2 0 1 2  

lo o k e d  p r o m is in g .  C a m e r a  a n d  le n s  a d j u s t m e n t s  h a d  in c r e a s e d  t h e  

r e s o lu t io n  s in c e  t h e  f i r s t  t e s t  f l i g h t s  ( B u r e a u  o f  L a n d  M a n a g e m e n t  2 0 1 2 ) .  

 R e m o t e  s e n s in g  f r o m  U A S  c a n  b e  a  v a lu a b le  t o o l  in  c o n d u c t in g  p r o p e r  

f u n c t io n in g  c o n d i t i o n  a n d  o t h e r  q u a n t i t a t i v e  a s s e s s m e n t s  o f  r ip a r ia n - w e t la n d  

a r e a s .  Q u e s t io n s  r e s e a r c h e d  d u r in g  t h i s  p r o j e c t  w e r e :  w h e n  u t i l i z in g  t h e  t e s t  

a r e a  d a t a ,  h o w  a c c u r a t e  i s  R a v e n ®  U A S  r e m o t e  s e n s in g  im a g e r y  in  

a s s e s s in g  P F C  o f  r ip a r ia n  o r  w e t la n d  a r e a s  a n d  w h a t  a r e  t h e  l im i t a t io n s ,  i f  

a n y ,  o f  u s in g  t h i s  t y p e  o f  im a g e r y  f o r  t h e  P F C  c h e c k l i s t  a n d  q u a n t i t a t i v e  

a s s e s s m e n t s ?  T h e  g o a l s  o f  t h i s  p r o j e c t  w e r e  t o  d e t e r m in e  t h e  s t e p s  f o r  

a s s e s s in g  e a c h  o f  t h e  P F C  c h e c k l i s t  q u e s t io n s  a s  w e l l  a s  t h e  q u a n t i t a t i v e  

m e a s u r e m e n t s  a n d  a n a ly s i s  u t i l i z in g  U A S  r e m o t e  s e n s in g  im a g e r y ,  d o c u m e n t  

t h e m  in  a n  in t e r p r e t a t io n  k e y  w i t h  e x a m p le s  o f  w h a t  t o  lo o k  f o r  in  R B G  a n d  
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n e a r  I R  im a g e r y ,  a n d  in s t r u c t  h o w  t o  c o n d u c t  a n a ly s i s  a n d  m e a s u r e m e n t s  

w i t h in  G o o g le  E a r t h ,  A r c G I S ,  a n d  E N V I ;  s p e c i f i c a l l y  f o r  t h i s  t e c h n o lo g y  a n d  

u s e .  A n  a d d i t i o n a l  g o a l  w a s  t o  r e c o r d  t h e  s p a t ia l  a n d  n o n - s p a t ia l  r e s u l t in g  

d a t a  in  a  g e o d a t a b a s e  w i t h  r e la t io n s h ip  f e a t u r e  c la s s e s .  

 T h e  r e s u l t s  o f  t h i s  p r o j e c t ,  d o c u m e n t e d  in  t h e  in s t r u c t io n s  a n d  

r e c o m m e n d a t io n s  w i t h in  t h e  t e c h n ic a l  r e f e r e n c e ,  w i l l  b e  u s e d  t h r o u g h o u t  t h e  

B L M  a s  t h e  U A S  im a g e r y  o f  r ip a r ia n - w e t la n d  a r e a s  i s  c o l l e c t e d  o n  B L M  la n d s  

in  d i f f e r e n t  s t a t e s .  T h e  t e c h n ic a l  r e f e r e n c e  w a s  c r e a t e d  u s in g  d a t a  f r o m  a  

r ip a r ia n - w e t la n d  a r e a  in  A r i z o n a .               

P r o j e c t  F o u n d a t i o n s  

I m p o r t a n c e  o f  R i p a r i a n - W e t l a n d  A r e a s  
 R ip a r ia n - w e t la n d  a r e a s  a r e  s o m e  o f  t h e  m o s t  p r o d u c t iv e  r e s o u r c e s  

f o u n d  o n  p u b l i c  a n d  p r iv a t e  la n d s .  A c c o r d in g  t o  t h e  C le a n  W a t e r  A c t ,  w e t la n d  

a r e a s  a r e  " t h o s e  a r e a s  t h a t  a r e  in u n d a t e d  o r  s a t u r a t e d  b y  s u r f a c e  o r  

g r o u n d w a t e r  a t  a  f r e q u e n c y  a n d  d u r a t io n  s u f f i c i e n t  t o  s u p p o r t ,  a n d  t h a t  

u n d e r  n o r m a l  c i r c u m s t a n c e s  d o  s u p p o r t ,  a  p r e v a le n c e  o f  v e g e t a t io n  t y p i c a l l y  

a d a p t e d  f o r  l i f e  in  s a t u r a t e d  s o i l  c o n d i t i o n s .  W e t la n d s  g e n e r a l l y  in c lu d e  

s w a m p s ,  m a r s h e s ,  b o g s  a n d  s im i la r  a r e a s . "  T h e s e  a r e a s  a r e  c o n s id e r e d  t o  

b e  le n t i c ;  w h e r e  t h e  w a t e r  i s  s t i l l .  L o t i c  w a t e r s  a r e  a c t iv e ly  m o v in g .  R ip a r ia n  

a r e a s  a r e  t h e  b o r d e r s  b e t w e e n  la n d s  a n d  lo t i c  w a t e r s :  a  r i v e r  o r  s t r e a m .  

R ip a r ia n  v e g e t a t io n  i s  t h e  v e g e t a t io n  o n  la n d  t h a t  d i r e c t ly  in f lu e n c e s  o r  i s  

in f lu e n c e d  b y  a  b o d y  o f  w a t e r .  T h i s  v e g e t a t io n  i s  c o n s id e r e d  a  c r i t i c a l  p ie c e  

o f  r i v e r  e c o s y s t e m s .  R ip a r ia n - w e t la n d  a r e a s  p r o v id e  m a n y  e s s e n t ia l  
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f u n c t io n s  f o r  l a n d  a n d  w a t e r  h a b i t a t s  ( Y a n g ,  2 0 0 7 ,  3 5 3 ) .  R ip a r ia n  v e g e t a t iv e  

s p e c ie s  in  t h e s e  a r e a s  s u p p ly  s h a d e  w h ic h  r e g u la t e s  t h e  w a t e r  t e m p e r a t u r e s  

a n d  p r o v id e s  e r o s io n  c o n t r o l .  T h e s e  f a c t o r s  h e lp  k e e p  t h e  w a t e r  h a b i t a b le  f o r  

n a t iv e  f i s h  a n d  u s e a b le  f o r  w i ld l i f e  ( L a t t in  e t .  a l ,  2 0 0 4 ,  2 1 5 ) .  I n  a d d i t i o n  t o  

t h e i r  e n v i r o n m e n t a l  v a lu e ,  t h e y  h a v e  e c o n o m ic  v a lu e  in  t h e  w a t e r  t h e y  

p r o v id e  f o r  l i v e s t o c k ,  t im b e r  a n d  m in e r a l  e x t r a c t io n .  R ip a r ia n - w e t la n d  a r e a s  

a l s o  p r o v id e  r e c r e a t io n ,  c u l t u r a l  a n d  h i s t o r i c  v a lu e s  s u c h  a s  a n  h i s t o r i c  t r a i l  

f o l l o w in g  a  r i v e r .  T h e  w id e  r a n g in g  b e n e f i t s  o f  t h e s e  a r e a  m a k e s  t h e m  h ig h ly  

s o u g h t  a f t e r  a n d  a s  a  r e s u l t ,  h ig h ly  v u ln e r a b le  t o  o v e r u s e  ( P r i c h a r d ,  1 9 9 8 ,  

1 ) .  T h e  B u r e a u  o f  L a n d  M a n a g e m e n t ' s  ( B L M )  m u l t ip le - u s e  m is s io n  i s  t o  

s u s t a in  t h e  h e a l t h  a n d  p r o d u c t iv i t y  o f  t h e  p u b l i c  l a n d s  f o r  t h e  u s e  a n d  

e n j o y m e n t  o f  p r e s e n t  a n d  f u t u r e  g e n e r a t io n s .  T h e  B L M  a im s  t o  a c c o m p l i s h  

t h i s  b y  m a n a g in g  s u c h  a c t iv i t i e s  a s  o u t d o o r  r e c r e a t io n ,  l i v e s t o c k  g r a z in g ,  

m in e r a l  d e v e lo p m e n t ,  a n d  e n e r g y  p r o d u c t io n ,  a n d  a t  t h e  s a m e  t im e  

c o n s e r v in g  n a t u r a l ,  h i s t o r i c a l ,  c u l t u r a l ,  a n d  o t h e r  r e s o u r c e s  o n  p u b l i c  l a n d s  

( w w w . b lm . g o v ,  2 0 1 2 ) .  G iv e n  t h i s  m is s io n  t h e  B L M  m u s t  c a r e f u l l y  m o n i t o r  

r ip a r ia n - w e t la n d  a r e a s  t o  e n s u r e  t h e i r  h e a l t h  f o r  e a c h  o f  t h e i r  b e n e f i t s  a n d  

n o t  j u s t  o n e .  

I m a g e r y  C o m p a r i s o n  
 T h e  B L M  m a n a g e s  m o r e  t h a n  2 4 5  m i l l i o n  s u r f a c e  a c r e s ,  m o r e  t h a n  a n y  

o t h e r  f e d e r a l  a g e n c y .  E v e n  w i t h  r ip a r ia n - w e t la n d  a r e a s  o n ly  m a k in g  u p  a  

http://www.blm.gov/
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t in y  p o r t io n  o f  t h a t  l a n d  i t  i s  s t i l l  a n  e x p e n s iv e  a n d  s o m e w h a t  d a u n t in g  t a s k  

t o  o b t a in  t h e  a s s e s s m e n t s  a lo n g  w i t h  t h e  o t h e r  l a n d  m a n a g e m e n t  p r io r i t i e s .  

W h e n  a  g r o u n d  P F C  a s s e s s m e n t  i s  c o m p le t e d  i t  c a n  b e  c o s t ly .  I n  2 0 0 3 ,  t h e  

g r o u n d  a s s e s s m e n t  f o r  o n ly  e ig h t  s t r e a m s  w i t h  6 0  s a m p l in g  lo c a t io n s  c o s t  

$ 2 3 , 0 0 0  n o t  in c lu d in g  t r a v e l .  A  l i g h t  p la n e ,  a e r ia l  a s s e s s m e n t  s a m p l in g  7 7 0  

lo c a t io n s  c o s t  $ 9 0 0 0 ,  n o t  in c lu d in g  t r a v e l  o r  t h e  a n n u a l  s t a r t  u p  f e e  o f  $ 5 0 0 0  

( B o o t h  e t .  a l . ,  2 0 0 7 ,  6 4 6 ) .  A e r ia l  im a g e r y  f r o m  a i r c r a f t  h a s  o t h e r  d r a w b a c k s  

a s  w e l l .  T h e  r e s o lu t io n  i s  n o t  h ig h - q u a l i t y  e n o u g h  t o  c o n d u c t  s o m e  o f  t h e  

P F C  c h e c k l i s t .  C o l l e c t in g  a e r ia l  im a g e r y  in  t h e s e  s m a l l  p la n e s  c a n  b e  

d a n g e r o u s  f o r  t h e  B L M  p e r s o n n e l  o n b o a r d  t h e  f l i g h t s  d u e  t o  t h e  s o m e t im e s  

t r e a c h e r o u s  t e r r a in ,  u n p r e d i c t a b le  w e a t h e r  a n d  t h e  p o t e n t ia l  f o r  c r a s h e s .  I n  

f a c t ,  o c u la r  s u r v e y s  b y  s u b j e c t  m a t t e r  e x p e r t s  in  f i x e d - w in g  a i r c r a f t  h a v e  

b e e n  b a n n e d  w i t h in  t h e  B L M  f o r  t h e  la s t  f e w  y e a r s  d u e  t o  s a f e t y  c o n c e r n s  

( B r a d y ,  2 0 1 2 ) .  I n  a d d i t i o n ,  s o m e  c a n y o n s  a r e  t o o  n a r r o w  f o r  f i x e d - w in g  

a i r c r a f t  t o  f l y .   

 U A S  r e m o t e  s e n s in g  i s  a  n e w  t e c h n o lo g y  o u t s id e  o f  t h e  m i l i t a r y  a n d  i t s  

u s e  f o r  l a n d  m a n a g e m e n t  in  g e n e r a l ,  i s  in  i t s  in f a n c y .  C u r r e n t ly ,  t h e  U A S  

h a v e  b e e n  t e s t e d  f o r  w a t e r s h e d  m a n a g e m e n t  in  A r i z o n a  a n d  t h e  u s e  o f  t h e  

s p r e a d  o f  n o x io u s  w e e d s  o n  B L M  la n d s  in  I d a h o  ( T a y lo r ,  

w w w . lo c a l8 n e w s . c o m ) .  S e v e r a l  o t h e r  p r o j e c t s  in c lu d in g  f i r e  m a n a g e m e n t ,  

c o a l  s e a m  f i r e  d e t e c t io n  a n d  o t h e r s  h a v e  b e e n  s la t e d  f o r  2 0 1 3 .  T h e  u s e  o f  

o t h e r  t y p e s  o f  r e m o t e  s e n s in g  f o r  l a n d  m a n a g e m e n t  a n d  s p e c i f i c a l l y  f o r  

http://www.local8news.com/
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r ip a r ia n - w e t la n d  a s s e s s m e n t  i s  n o t  n e w .  O v e r  t h e  y e a r s ,  t h e s e  d i f f e r e n t  

t y p e s  o f  im a g e r y  h a v e  b e e n  t e s t e d  f o r  t h e i r  a b i l i t y  t o  b e  u s e d  f o r  r ip a r ia n -

w e t la n d  a s s e s s m e n t  a n d  P F C  w i t h  v a r y in g  d e g r e e s  o f  s u c c e s s .  A e r ia l  

p h o t o g r a p h y  a n d  o t h e r  r e m o t e  s e n s in g  m e t h o d s  a r e  r e c o g n iz e d  a s  c o s t -

e f f e c t iv e  m e a n s  f o r  c o l l e c t in g  r ip a r ia n  d a t a  a n d  w i t h  s o m e  l im i t a t io n s  f o r  

a s s e s s in g  P F C  ( P r i t c h a r d  e t  a l ,  1 9 9 9 ,  B a c k g r o u n d ) .  L a n d s a t  ( L a n d  S a t e l l i t e )  

p r o v id e s  im a g e r y  t h a t  i s  v i s ib le  a n d  n e a r  in f r a r e d .  I t  i s  c o m m o n ly  u s e d  t o  

e s t im a t e  t h e  a m o u n t  o f  g r o u n d  c o v e r  t y p e s  w i t h in  r ip a r ia n  b u f f e r  z o n e s .  T h i s  

i s  im p o r t a n t  f o r  r ip a r ia n - w e t la n d  h e a l t h  d u e  t o  t h e  c o r r e la t io n  b e t w e e n  

r ip a r ia n  h e a l t h  a n d  s p e c ie s  r i c h n e s s  a n d  c o n v e r s e ly  a  n e g a t iv e  c o r r e la t io n  

b e t w e e n  u r b a n  la n d  c o v e r  t y p e s  w i t h in  t h e  b u f f e r  a r e a  a n d  f i s h  s p e c ie s  

r i c h n e s s .  L a n d s a t  d e r iv e d  m a p s  t e n d  t o  b e  le s s  a c c u r a t e  t h a n  a i r  p h o t o  

in t e r p r e t a t io n s  f o r  r ip a r ia n - w e t la n d  h e a l t h  h o w e v e r .  F o r e s t  a n d  g r a s s  c o v e r  

a r e  c o n s i s t e n t ly  u n d e r e s t im a t e d  w h e n  u s in g  t h e  L a n d s a t  m a p s  f o r  s m a l le r  

b u f f e r  a r e a s  ( G o e t z ,  2 0 0 6 ,  1 3 3 ) .  L a n d s a t  i s  t o o  c o a r s e  t o  id e n t i f y  d e t a i l s  

a b o u t  r ip a r ia n - w e t la n d  a r e a s ,  s u c h  a s  w o o d y  s p e c ie s  h e ig h t ,  a l t h o u g h  i t  c a n  

b e  e m p lo y e d  t o  lo c a t e  t h e  r ip a r ia n - w e t la n d  a r e a s  t h a t  w i l l  n e e d  t o  b e  

a s s e s s e d .  T h i s  c a n  b e  a  p r a c t i c a l  a p p l i c a t io n  d u e  t o  t h e  s i z e  o f  t h e  la n d s  t h e  

B L M  m a n a g e s .  

 S o m e  e x p e r t s  r e c o m m e n d  a e r ia l  im a g e r y  w i t h  s c a le s  b e t w e e n  

1 : 4 0 , 0 0 0  a n d  1 : 6 0 , 0 0 0  f o r  o b s e r v a t io n  o f  f e a t u r e s  l i k e  f l o o d  p la in s ,  b e a v e r  

d a m s ,  c h a n n e ls  a n d  b a n k  v e g e t a t io n .  T h i s  r a n g e  o f  s c a le  i s  b a s e d  o n  t h e  
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p r e f e r e n c e  f o r  t o t a l  p h o t o g r a p h ic  c o v e r a g e  o f  t h e  r ip a r ia n - w e t la n d  a r e a  a n d  

n u m b e r  o f  p h o t o g r a p h s  n e e d e d  t o  d o  s o .  H ig h  r e s o lu t io n  w o u ld  r e q u i r e  a  

g r e a t  d e a l  m o r e  p h o t o g r a p h s  t o  c a p t u r e  t h e  e n t i r e  a r e a ,  in c r e a s in g  t h e  t im e  

a n d  d i f f i c u l t y  o f  a n a ly s i s  p a r t i c u la r ly  w h e n  d e a l in g  w i t h  p r in t e d  p h o t o g r a p h s  

( B o o t h  e t  a l ,  2 0 0 7 ,  6 3 7 ) .  T h i s  i s  t h e  c a s e  w i t h  U A S  im a g e r y  a s  w e l l  h o w e v e r  

t h e  a d v a n c e d  m o s a ic  a n d  3 - D  a n a ly s i s  a v a i l a b le  w i t h in  s o f t w a r e  s u c h  a s  

P h o t o S c a n  m a k e  t h i s  a n a ly s i s  m o r e  m a n a g e a b le .  A c c u r a t e  f e a t u r e  

m e a s u r e m e n t ,  o t h e r  d e t a i l e d  q u a n t i t a t i v e  a s s e s s m e n t s  a s  w e l l  a s  t h e  d e t a i l s  

o f  t h e  P F C  q u a l i t a t i v e  a s s e s s m e n t s  r e q u i r e  t h a t  h ig h e r  r e s o lu t io n  p a r t i c u la r ly  

w h e n  d e a l in g  w i t h  n a t u r a l  c o lo r  im a g e r y .  T h e  r e c o m m e n d e d  im a g e r y  s c a le  

f o r  r ip a r ia n  v e g e t a t io n  m o n i t o r in g  i s  1 : 2 4 0 0 ,  s h r u b  id e n t i f i c a t io n  i s  1 : 1 8 0 0  

a n d  1 : 1 6 0 0  f o r  w o o d y  v e g e t a t io n  t y p e s  ( B o o t h  e t  a l ,  2 0 1 2 ,  5 1 3 ) .  T h i s  h ig h e r  

r e s o lu t io n  in  t h e  p a s t  h a s  b e e n  c a p t u r e d  b y  t h e  u s e  o f  a  l i g h t  a i r p la n e ,  

n a v ig a t io n  a n d  c a m e r a - t r ig g e r in g  s y s t e m ,  d ig i t a l  c a m e r a  a n d  a  la s e r  

r a n g e f in d e r  a s  w a s  d o n e  in  t h e  R o c k  C r e e k  w a t e r s h e d  in  2 0 0 3  a s  d e s c r ib e d  

in  B o o t h  e t  a l .  T h e  im a g e r y  c o l l e c t e d  w a s  n o t  in t e n d e d  t o  d o  r ip a r ia n  

m a p p in g  o f  t h e  e n t i r e  r ip a r ia n  a r e a  b u t  t o  d o  s y s t e m a t i c  s a m p l in g .  T h e  U A S  

im a g e r y  c o l l e c t io n s  f o r  r ip a r ia n  a r e a s ,  in  m o s t  c a s e s ,  w i l l  b e  u s e d  f o r  

s y s t e m a t i c  s a m p l in g  a s  w e l l .  

 H e a l t h  in d i c a t o r s  o f  r ip a r ia n  a r e a s  a r e  t h e  w id t h  o f  t h e  s t r e a m  o r  r i v e r  

c h a n n e l ,  v e g e t a t io n  h e ig h t ,  w id t h  o f  r ip a r ia n  v e g e t a t io n  b u f f e r  o r  t r e e  
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c a n o p y  w id t h .  M e a s u r e m e n t s  m a d e  u s in g  r e m o t e  s e n s in g  t e c h n iq u e s  r e d u c e  

t h e  t im e  a n d  c o s t  o f  t h e  m o n i t o r in g  a n d  a l l o w  f o r  t h e  s t u d y  a r e a  e x p a n s io n .   

U A S  O p t i o n s  

  R a v e n - R Q - 1 1 a  U A S  a r e  s m a l l ,  l i g h t w e ig h t  a i r c r a f t  a r e  la u n c h e d  b y  

h a n d  in t o  t h e  a i r  a n d  f l y  a  f e w  h u n d r e d  f e e t  a b o v e  t h e  g r o u n d  a n d  c o n t r o l l e d  

r e m o t e ly .  

 

F i g u r e  1 :  R a v e n - R Q - 1 1 a  i s  l a u n c h e d  b y  h a n d  o n  B L M  l a n d s .  

 T h e  R a v e n s  w e r e  u t i l i z e d  in  A f g h a n is t a n  t o  s p o t  in s u r g e n t  f o r c e s  w i t h o u t  

e n d a n g e r in g  m i l i t a r y  p e r s o n n e l  a n y  m o r e  t h a n  n e c e s s a r y .  T h e  R a v e n  i s  4 . 8  

p o u n d s  a n d  3 6  in c h e s  lo n g  w i t h  a  w in g s p a n  o f  4 . 5  f e e t  ( w w w . a v in c . c o m ,  

2 0 1 2 ) .  T h e  R a v e n  i s  s e e n  a s  a  u s e f u l  t o o l  f o r  t h e  B L M  f o r  s e v e r a l  r e a s o n s .  

F i r s t ,  i t  i s  e a s i l y  t r a n s p o r t a b le  a n d  d e p lo y a b le  e v e n  in  d i f f i c u l t  o r  p r e v io u s ly  

in a c c e s s ib le  a r e a s  a l l o w in g  r e s e a r c h e r s  t o  c o l l e c t  m o r e  in f o r m a t io n .  I t  c a n  f l y  

in  n a r r o w  c a n y o n s  t h a t  m a n n e d  a i r c r a f t  c a n n o t .  S e c o n d ,  d u e  t o  i t s  m u c h  

http://www.avinc.com/
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q u ie t e r  e n g in e  t h a n  o t h e r  U A S  o r  h e l i c o p t e r s ,  i t  w i l l  n o t  d i s t u r b  t h e  w i ld l i f e  i t  

m a y  h o p e  t o  m o n i t o r .  T h i r d ,  i t  a l s o  a l l o w s  f o r  a e r ia l  o b s e r v a t io n  d a y  o r  n ig h t  

w h ic h  m e a n s  t h e r e  i s  t h e  p o t e n t ia l  t o  m o n i t o r  a n d  c o u n t  b i r d s  r e s t in g  a t  

n ig h t  f o r  e x a m p le .  T h e  R a v e n  i s  l a u n c h e d  b y  h a n d  a n d  u t i l i z e s  a d v a n c e d  

a v io n i c s  a n d  G P S  n a v ig a t io n .  T h e  U A S  t r a n s m i t s  n e a r  r e a l - t im e  a i r b o r n e  

im a g e s ,  c o m p a s s  h e a d in g s ,  a n d  G P S  lo c a t io n s  t o  a  g r o u n d - c o n t r o l  u n i t  a n d  

r e m o t e  v id e o  t e r m in a l .   S e v e r a l  d i f f e r e n t  c a m e r a s  h a v e  b e e n  t e s t e d  o n  t h e  

d r o n e  w i t h  t h e  m o s t  s u c c e s s f u l  y e t  b e in g  t h e  G o P r o  c a m e r a .   T h e  R a v e n  i s  

p o w e r e d  b y  a  l i t h iu m - io n  r e c h a r g e a b le  b a t t e r y  t h a t  a l l o w s  f l i g h t s  o f  6 0 - 9 0  

m in u t e s  t r a v e l l i n g  a b o u t  s e v e n  m i le s  a t  a  s p e e d  o f  3 0  m p h  ( D r o b k a ,  2 0 1 2 ) .  

 T h e  U A S  d o e s  h a v e  s o m e  l im i t a t io n s .  T h e  R a v e n  h a s  a  l i n e - o f - s ig h t  

r a n g e  u p  t o  1 0  k i l o m e t e r s  a c c o r d in g  t o  ( w w w . a v in c . c o m ,  2 0 1 2 )  a l t h o u g h  t h e  

B L M  h a s  n o t  y e t  t e s t e d  i t  a t  t h i s  d i s t a n c e .  T h e  F e d e r a l  A v ia t io n  

A d m in i s t r a t io n  ( F A A )  r e q u i r e s  i t  t o  b e  f l o w n  b y  a  l i c e n s e d  p i l o t  i f  f l o w n  o v e r  

1 0 0 0  f e e t .  I f  t h i s  h ig h e r  a l t i t u d e  i s  e v e r  n e e d e d ,  i t  l im i t s  t h e  u s e  o f  t h e  

R a v e n ®  t o  t w o  B L M  e m p lo y e e s  a t  t h e  N a t io n a l  O p e r a t io n s  C e n t e r  a t  t h i s  

t im e .  I t  m u s t  b e  f l o w n  a t  l e a s t  f i v e  m i le s  a w a y  f r o m  a n y  a i r p o r t  a n d  f l i g h t s  

m u s t  b e  a p p r o v e d  in  a d v a n c e .  T h e  R a v e n  d o e s  n o t  h a v e  w h e e ls  s o  i t  c r a s h  

la n d s  e v e r y  f l i g h t .  T h i s  h a s  c a u s e d  b r e a k in g  o f  c a m e r a  le n s e s .  

http://www.avinc.com/
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 T h e  o t h e r  o p t io n  f o r  U A S  w i t h in  t h e  B L M  i s  t h e  H o n e y w e l l  T - H a w k  

w h ic h  a l l o w s  f o r  t ig h t e r  c o n t r o l  t h r o u g h  n a r r o w  c a n y o n s  b u t  i s  e x t r e m e ly  

lo u d  w h ic h  c o u ld  d i s t u r b  w i ld l i f e .   

 

F i g u r e  2 :  T h e  T - H a w k  i n  f l i g h t  

T h e  T - H a w k  h a s  a u t o n o m o u s  f l i g h t  w i t h  d y n a m ic  r e - t a s k in g  a n d  m a n u a l  

in t e r v e n t io n .  I n  p r a c t i c e ,  t h e  c a m e r a  i s  d i f f i c u l t  t o  k e e p  in  a  d o w n w a r d  

d i r e c t io n  a s  t h e  T - H a w k ’ s  p o s i t i o n  i s  a d j u s t e d  d u r in g  f l i g h t .  T h e  U A S  i s  1 7 . 5  

p o u n d s  a n d  c a n  f l y  u p  t o  4 6  m p h  in  2 0  k n o t  w in d s .  I t  h a s  a  r a n g e  o f  t h r e e  t o  

s ix  m i le s .  T h e  g r o u n d  s t a t io n  c a n  s t o r e  u p  t o  2 4 0  m in u t e s  o f  s e n s o r  im a g e r y .  

T h e  s a m e  G o P r o  C a m e r a  c o u ld  b e  u t i l i z e d  o n  t h e  T - H a w k  in  t h e  g im b a le d  

m o u n t  ( H o n e y w e l l  A e r o s p a c e ,  2 0 1 0 ) .  A  r e c e n t  p u r c h a s e  o f  a  c a m e r a  c a p a b le  

o f  c a p t u r in g  n e a r  I R  d a t a  h a s  b e e n  t e s t e d  o n  t h e  T - H a w k .  T h i s  i s  a n  e x c i t in g  

p o s s ib i l i t y  f o r  r ip a r ia n  a s s e s s m e n t s .  T h e s e  c a m e r a  t y p e s  a r e  t o o  h e a v y  f o r  

t h e  R a v e n  h o w e v e r .   
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C a m e r a  O p t i o n s  
 
 T h e  G o P r o  C a m e r a  i s  a  lo w  c o s t  s o lu t io n  w i t h  a  h ig h e r  r e s o lu t io n  ( 3 6  

t im e s  m o r e  p ix e l s )  t h a n  t h e  s t o c k  c a m e r a .  I t  h a s  H D  V id e o  a n d  1 1  

m e g a p ix e l  s t i l l s  t o  u s e  t i e  p o in t  a u t o m a t io n  t o o l s .   I t  i s  l i g h t w e ig h t  a n d  i t s  

s i z e  a l l o w s  t h e  R a v e n  t o  c a r r y  i t .   

 

 T h e  X N i t e  C a n o n  S X 2 3 0 N D V I  V e g e t a t io n  S t r e s s  C a m e r a  w i t h  G P S  i s  

1 2 . 1  M e g a p ix e l  a n d  l i g h t w e ig h t  e n o u g h  f o r  t h e  T - H a w k  b u t  n o t  t h e  R a v e n  

U A S .  C a p t u r e s  B lu e ,  G r e e n  a n d  N e a r  I n f r a r e d  b a n d s  ( 6 7 0 n m  t o  7 5 0 n m ) .  

T h i s  e n a b le s  b e t t e r  a s s e s s m e n t  o f  p la n t  h e a l t h .  I m a g e r y  c a n  b e  c o n v e r t e d  t o  

a  s c a le d  N D V I  p i c t u r e .  T h e  C a n o n  i s  t o o  h e a v y  f o r  t h e  R a v e n  c o u ld  o n ly  b e  

u s e d  o n  t h e  T - H a w k .  

 
F i g u r e  4 :  C a n o n  S X 2 3 0 N D V I  V e g e t a t i o n  S t r e s s  C a m e r a  

F i g u r e  3 :  G o - P r o  C a m e r a  
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A p p r o a c h  

 T h e  s t u d y  a r e a  f o r  t h i s  p r o j e c t  w i l l  b e  a  r ip a r ia n  a r e a  o n  B L M  la n d s  

n e a r  S a n  S im o n ,  A r i z o n a .   

 

F i g u r e  5 :  S t u d y  A r e a  l o c a t i o n  w i t h  B L M  A r i z o n a  D i s t r i c t s  a n d  F i e l d  B o u n d a r i e s  

R e m o t e  s e n s in g  im a g e r y  f o r  t h e  r ip a r ia n  s t u d y  a r e a  w a s  c o l l e c t e d  b y  a  

R a v e n  U A S  O c t o b e r  2 0 1 2 .  T h i s  i s  a  m a n - m a d e  r ip a r ia n  a r e a  h a s  b e e n  

e s t a b l i s h e d  t o  c r e a t e  h a b i t a t  t o  a s s i s t  t h e  s t a b i l i z a t io n  o f  n a t iv e  f i s h  s p e c ie s  
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t o  t h e  a r e a .  P r io r  t o  t h e  c r e a t io n  o f  t h e  s t r e a m ,  a  s in g le  p o o l  f e d  b y  a n  

a q u i f e r  e x i s t e d  o n  t h e  s i t e .  

  

F i g u r e  6 :  T e s t  A r e a  -  S a n d s d r a w  

 R ip a r ia n  im a g e r y  w a s  t a k e n  a t  5 0 . 9  m e t e r s  ( 1 6 7  f e e t )  in  s t e r e o  p a i r s  

g iv in g  a  g r o u n d  r e s o lu t io n  o f  t w o  c e n t im e t e r s  p e r  p ix e l  u s in g  t h e  o r ig in a l  

im a g e r y .  T h e  4 1 2  im a g e s  w e r e  m o s a ic k e d  in t o  a  c o n t in u o u s  a e r ia l  im a g e  o f  

t h e  a r e a  u s in g  P h o t o S c a n .  P h o t o  p a n e ls  w e r e  n o t  u s e d  o n  t h e  g r o u n d  f o r  

g e o r e f e r e n c in g  t h e  im a g e r y  d u e  t o  t h e  t im e  a n d  c o s t  in v o lv e d .  T h e  t e s t  a r e a  

w a s  v ie w e d  in  e x i s t in g  G o o g le ®  im a g e r y  f o r  c o m p a r i s o n  a n d  g e o r e f e r e n c in g  

w a s  c o m p le t e d  w i t h in  P h o t o S c a n  b a s e d  o n  u n iq u e  f e a t u r e s  w i t h in  t h e  s t u d y  

a r e a  in  b o t h  d a t a s e t s .  T h e  u n iq u e  f e a t u r e  w a s  f o u n d  in  G o o g le  E a r t h  a n d  t h e  

U T M  c o o r d in a t e s  n o t e d .  T h e  u n iq u e  f e a t u r e  w a s  f o u n d  a g a in  in  m u l t ip le  

p h o t o s  c o l l e c t e d  b y  t h e  U A S  a n d  m a r k e d  w i t h  a  n u m b e r e d  p o in t .  I  a d d e d  a  

t o t a l  o f  t w e lv e  c o n t r o l  p o in t s  c h e c k in g  t h e  e r r o r  r a t e  a f t e r  e a c h  w a s  a d d e d  t o  
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s e e  i f  t h e r e  w e r e  a n y  t h a t  n e e d e d  t o  b e  r e p o s i t i o n e d .  I n  s o m e  p h o t o s  t h e  

u n iq u e  f e a t u r e  w a s  v i s ib le  b u t  d u e  t o  t h e  a n g le  o f  v ie w  t h e  p a r t i c u la r  m a r k e r  

h a d  t o  b e  r e m o v e d .  T h e  c u r v a t u r e  o f  t h e  p h o t o  c a n  b e  s e e n  in  t h e  e x a m p le  

im a g e  b e lo w .  

 

F i g u r e  7 :  U n p r o c e s s e d  p h o t o  o f  s t u d y  a r e a  

 T h e  c o n t r o l  p o in t s  d i f f e r e d  in  t h e  n u m b e r  o f  m a r k e d  p h o t o s  t h a t  c o u ld  

b e  u s e d  t o  g e o r e f e r e n c e  t h e m .  T h e  n u m b e r  p e r  c o n t r o l  p o in t  i s  l i s t e d  in  t h e  

p r o j e c t io n  c o lu m n  o f  T a b le  1 .  M a r k e r s  t h a t  c o u ld  b e  p la c e d  n e a r  t h e  c e n t e r  

o f  t h e  p h o t o  h a d  b e t t e r  r e s u l t s .  T h e  m o s t  d i f f i c u l t  a r e a s  w e r e  t o w a r d  t h e  

o u t e r  e d g e s  o f  t h e  m o s a ic  d u e  t o  f e w e r  p h o t o s  b e in g  a v a i l a b le  o f  t h o s e  a r e a s  

a n d  n a t u r e  o f  t h e  a r e a  i t s e l f .  T h e  im a g e  b e lo w  i s  o f  t h e  e n t i r e  m o s a ic .  T h e  

o u t e r  e d g e  o f  t h e  m o s a ic  i s  l a c k in g  in  v e g e t a t io n  a n d  u n iq u e  f e a t u r e s  f o r  

e a s ie r  g e o r e f e r e n c in g .  
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F i g u r e  8 :  I m a g e r y  m o s a i c  w i t h  c o n t r o l  p o i n t  l o c a t i o n s  

M o r e  c o n t r o l  p o in t s  w e r e  a d d e d  t o  t h e  r ip a r ia n  a r e a  o f  t h e  m o s a ic  a s  t h i s  

w a s  t h e  s t u d y  a r e a .  T h e  t a b le  b e lo w  in d i c a t e s  t h e  r a t e  o f  p o s s ib le  e r r o r  a s  

s e e n  w i t h in  P h o t o S c a n .  A l t h o u g h  t h e  p ix e l  e r r o r  f o r  H 1  in d i c a t e d  a  la r g e  

e r r o r ,  t h i s  w a s  s e e n  n o t  t o  r e a l l y  b e  t h e  c a s e  b y  v e r i f y in g  t h e  lo c a t io n .  T h i s  

l o c a t io n  a c t u a l l y  h a s  a  v e r y  c le a r  u n iq u e  f e a t u r e .   

T a b l e  1 :  C o n t r o l  P o i n t s  

L a b e l  
X  e r r o r  
( m )  

Y  e r r o r  
( m )  

Z  e r r o r  
( m )  

E r r o r  
( m )  P r o j e c t i o n s  

E r r o r  
( p i x )  

H 1  1 . 1 3 3 3 7 5  0 . 0 8 3 2 5 2  - 1 . 1 8 9 0 2  1 . 6 4 4 7 5 9  5  8 7 . 5 4 8 1 8  
H 2  - 0 . 3 7 9 8 6  0 . 0 1 0 7 5  0 . 3 0 2 0 0 5  0 . 4 8 5 4 0 3  1 6  6 . 5 7 3 9 9 6  
H 3  0 . 0 4 4 7 6  - 0 . 0 9 3 6 5  - 0 . 1 1 0 8 4  0 . 1 5 1 8 5 3  1 0  3 . 5 0 0 8 2 3  

H 4  0 . 8 4 2 7 7 1  
-

0 . 0 7 3 9 1 2  - 0 . 4 4 2 4 7  0 . 9 5 4 7 2 9  1 0  6 . 6 9 3 6 9 4  

H 5  
-

0 . 3 3 4 9 0 8  0 . 1 2 5 1 5 8  - 0 . 0 8 2 8 5  0 . 3 6 7 0 0 5  1 5  8 . 1 0 2 2 1 8  

H 6  
-

0 . 1 4 4 4 4 4  0 . 0 5 8 4 1 9  - 0 . 1 0 5 2 3  0 . 1 8 8 0 1 4  2 1  3 . 8 3 8 0 7 6  

H 7  
-

0 . 3 3 8 6 7 4  0 . 0 6 2 0 4 7  0 . 3 9 9 0 3 8  0 . 5 2 7 0 4 9  1 9  8 . 1 2 4 7 5 3  
H 8  - 0 . 0 8 9 6 7  0 . 5 4 1 0 1 8  0 . 6 4 9 7 5 5  0 . 8 5 0 2 4 9  9  4 . 3 4 6 2 1 1  

H 9  2 . 0 7 3 6 6 7  
-

1 . 7 9 0 3 1 9  - 1 . 7 9 6 0 1  3 . 2 7 5 8 2 1  4  4 . 4 3 1 1 6 4  
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H 1 0  
-

0 . 5 0 0 2 1 6  0 . 2 5 7 9 5 3  0 . 3 1 8 3 0 3  0 . 6 4 6 5 8 5  9  8 . 0 3 8 6 2 8  

H 1 1  
-

0 . 1 3 4 1 7 3  
-

1 . 1 6 2 1 6 4  1 . 3 5 9 9 2 1  1 . 7 9 3 8 8 2  1 2  1 3 . 4 1 6 8 3  
H 1 2  - 0 . 5 4 0 4 3  0 . 1 1 2 7 2 2  0 . 8 6 9 4 6 3  1 . 0 2 9 9 2  1 1  7 . 1 4 0 1 7 9  

 

G e o T i f f ,  L A S  a n d  K M Z  f i l e s  w e r e  c r e a t e d .  T h e  G e o T i f f  h a s  a  g r o u n d  

r e s o lu t io n  o f  f i v e  c m  p e r  p ix e l .  T h i s  i s  t h e  s t a n d a r d  a m o u n t  o f  a n a ly s i s  

u s u a l l y  c o n d u c t e d  b y  t h e  U A S  t e a m  o r  b y  t h e  R e m o t e  S e n s in g  g r o u p  a t  t h e  

N a t io n a l  O p e r a t io n s  C e n t e r  p r io r  t o  t u r n in g  t h e  d a t a  o v e r  t o  t h e  c l i e n t  

( u s u a l l y  a  f i e ld  o f f i c e  o r  in  t h i s  c a s e  R ip a r ia n ) .  F o r  t h i s  c a s e ,  I  c o n t in u e d  t h e  

a n a ly s i s  t o  d e v e lo p  t h e  t e c h n ic a l  r e f e r e n c e .  I  c r e a t e d  a  D ig i t a l  E le v a t io n  

M o d e l  ( D E M )  b y  c o n v e r t in g  t h e  L A S  f i l e  w i t h  S a f e  S o f t w a r e ' s  F M E  S p a t ia l  

D a t a  T r a n s f o r m a t io n  P la t f o r m .  T h e  D E M  c o u ld  b e  e a s i l y  c r e a t e d  w i t h in  

P h o t o S c a n  a s  w e l l  b u t  t h e  B L M  r e c e n t ly  a d d e d  t h e  s o f t w a r e  t o  o u r  C i t r i x  

f a r m  a n d  w e  h a v e  b e e n  e n c o u r a g e d  t o  t e s t  i t s  c a p a b i l i t i e s .  T h i s  c o n v e r s io n  

w a s  a  b a s i c  t e s t  o n  m y  p a r t .   

 T h e  n e x t  s t e p  in  t h e  p r o j e c t  w a s  t h e  d e v e lo p m e n t  o f  t h e  d r a f t  

in t e r p r e t a t io n  k e y .  Q u a n t i t a t i v e  a s s e s s m e n t s  w e r e  c h o s e n  b y  M e l i s s a  

D ic k a r d ,  E c o lo g i s t ,  a n d  I  b a s e d  o n  w h a t  w e  t h o u g h t  m ig h t  b e  p o s s ib le  t o  

d e t e r m in e  w i t h  r e m o t e  s e n s in g  t e c h n iq u e s  a n d  t h e  m o s t  u s e f u l  t o  a  R ip a r ia n  

I D  T e a m .  Q u a n t i t a t i v e  m e a s u r e m e n t s  a r e  b e in g  u s e d  w i t h in  t h e  B L M  a n d  

o t h e r  a g e n c ie s  m o r e  f r e q u e n t ly  a n d  w i l l  c o n t in u e  t o  d o  s o  w i t h  

im p le m e n t a t io n  o f  t h e  R ip a r ia n  A r e a  M a n a g e m e n t  M u l t ip le  I n d i c a t o r  

M o n i t o r in g  ( M I M ) .  S o m e  o f  t h e s e  in c lu d e  W o o d y  S p e c ie s  H e ig h t ,  S t u b b le  
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H e ig h t ,  G r e e n l in e  t o  G r e e n l in e  w id t h  a n d  P o o l  D e p t h  ( B u r t e n  e t  a l l ,  2 0 1 1 ,  

1 3 - 6 7 ) .  B a s e d  o n  t h e  s t u d y  a r e a  t h e  q u a n t i t a t i v e  a s s e s s m e n t s  c h o s e n  f o r  

t h e  t e c h n ic a l  r e f e r e n c e  w e r e  s lo p e ,  s t r e a m  b a n k  s t a b i l i t y ,  g r e e n l in e  t o  

g r e e n l in e  w id t h ,  b a n k f u l l  w id t h ,  w e t t e d  w id t h ,  f r e q u e n c y  o f  l a r g e  w o o d ,  

s t u b b le  h e ig h t  a n d  w o o d y  s p e c ie s  h e ig h t  a n d  s lo p e  o f  r e a c h .  T h e  q u a l i t a t i v e  

q u e s t io n s  w e r e  f r o m  b o t h  L e n t i c  a n d  L o t i c  s t a n d a r d  c h e c k l i s t s – a l l  h a v e  Y e s  

o r  N o  o p t io n s  s o m e  w i t h  N / A  o p t io n s 1 .  T h e s e  q u e s t io n s  a r e  a p p l i e d  t o  e a c h  

d e f in a b le  r e a c h  a lo n g  t h e  s t r e a m  w h ic h  m e a n s  t h e  c h e c k l i s t s  c a n  b e  a p p l i e d  

m u l t ip le  t im e s  f o r  e a c h  s t r e a m .  T h e  t e s t  a r e a  f o r  t h i s  p r o j e c t  in c lu d e d  o n e  

d e f in a b le  r e a c h .  S u b j e c t  m a t t e r  e x p e r t s  c o n d u c t  g r o u n d  a s s e s s m e n t s  

u t i l i z in g  t h e s e  s a m e  c h e c k l i s t s .  R e c o m m e n d a t io n s ,  r e m o t e  s e n s in g  

t e c h n iq u e s  a n d  G I S  o p t io n s  w e r e  c h o s e n  f o r  e a c h  o f  t h e  q u e s t io n s  b a s e d  o n  

t h e i r  e a s e  o f  u s e  a n d  a c c u r a c y .  S e v e r a l  o p t io n s  w e r e  g iv e n  f o r  s o m e  

q u e s t io n s  t o  g iv e  u s e r s  c h o i c e s  in  o r d e r  t o  b e s t  a p p ly  t h e  in t e r p r e t a t io n  k e y  

t o  t h e i r  s t u d y  a r e a  a n d / o r  G I S  s k i l l  l e v e l .  I n  M a r c h  2 0 1 3 ,  M a t t  B o b o  a n d  J e f f  

S a f r a n  ( r e m o t e  s e n s in g  e x p e r t s  f r o m  t h e  B L M ) ,  M e l i s s a  D ic k a r d  a n d  I  m e t  t o  

r e v ie w  m y  a p p r o a c h  f o r  t h e  in t e r p r e t a t io n  k e y .  T h e y  o f f e r e d  s u g g e s t io n s  a n d  

a d d i t i o n a l  o p t io n s .  I  in c o r p o r a t e d  t h e s e  c h a n g e s  a n d  a d d i t i o n s  in t o  t h e  k e y  

a n d  t h e n  s t a r t e d  t h e  a n a ly s i s  c a p t u r in g  s c r e e n s h o t s  a n d  w r i t in g  d i r e c t io n s  t o  

b e  in t e g r a t e d  in t o  t h e  t e c h n ic a l  r e f e r e n c e .   

                                                             
1  Q u a n t i t a t i v e  a n d  q u a l i t a t i v e  a s s e s s m e n t s  c a n  b e  v i e w e d  i n  t h e  i n t e r p r e t a t i o n  K e y  w i t h i n  t h e  T e c h n i c a l  R e f e r e n c e ,  
A p p e n d i x  1 .  
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 T h e  im a g e r y  w a s  a n a ly z e d  w i t h in  A r c G I S ,  G o o g le  E a r t h  a n d  E N V I  t o  

a t t e m p t  t o  a n s w e r  t h e  q u a n t i t a t i v e  a s s e s s m e n t s  a n d  P F C  c h e c k l i s t s .  F o r  

G o o g le  E a r t h ,  t h e  K M L  f i l e  w a s  a d d e d  t o  G o o g le  E a r t h  a n d  s o m e  b a s i c  

a s s e s s m e n t s  w e r e  m a d e  a n d  d o c u m e n t e d .  I  in c lu d e d  G o o g le  E a r t h  a n a ly s i s  

b e c a u s e  s o m e  s u b j e c t  m a t t e r  e x p e r t s  m a y  o r  m a y  n o t  b e  f a m i l i a r  w i t h  

A r c G I S  o r  E N V I .  G o o g le  E a r t h  i s  r e la t i v e ly  s im p le  t o  u s e  a n d  t h e  p r o f i l e  v ie w  

o f  t h e  s lo p e  i s  u s e f u l  f o r  a n s w e r in g  o n e  o f  t h e  P F C  c h e c k l i s t  q u e s t io n s .  I n  

a d d i t i o n  t o  t h e  s lo p e  c a l c u la t io n  a n d  v ie w in g ,  I  d e m o n s t r a t e d  h o w  t o  

m e a s u r e  f e a t u r e s ,  c r e a t e  a  v e c t o r  l a y e r ,  a n d  v ie w  h i s t o r i c a l  l a y e r s  o f  

im a g e r y .  E a c h  o f  t h e s e  c a n  a s s i s t  in  t h e  a s s e s s m e n t  o f  r ip a r ia n - w e t la n d  

h e a l t h .  G o o g le  E a r t h  c o u ld  b e  p r im a r i l y  u s e d  f o r  t h e  q u a n t i t a t i v e  

a s s e s s m e n t s  a n d  t h e  v i s u a l  in t e r p r e t a t io n  o f  s o m e  o f  t h e  q u a l i t a t i v e  

a s s e s s m e n t s  a l t h o u g h  t h e  G e o T I F F  f i l e  h a s  b e t t e r  r e s o lu t io n  a n d  v ie w in g  

w i t h in  E N V I  o r  A r c G I S  w o u ld  b e  p r e f e r a b le .  

 U t i l i z in g  E N V I ,  I  i l l u s t r a t e d  h o w  t o  lo a d  im a g e s ,  m e a s u r e ,  a d d  v e c t o r  

l a y e r s  a n d  c o n d u c t  t h e  t o p o g r a p h ic  m o d e l in g  t o  v ie w  h i l l s h a d e  o r  s lo p e .  H o w  

t o  a p p ly  t h e  N o r m a l i z e d  D i f f e r e n c e  V e g e t a t io n  I n d e x  ( N D V I )  w a s  s h o w n  e v e n  

w i t h o u t  n e a r  I R  b a n d s  f o r  i l l u s t r a t io n  o f  t e x t u r e  t h a t  c a n  b e  a c h ie v e d  e v e n  

w i t h  n a t u r a l  c o lo r  im a g e r y  a n d  t o  s h o w  d i r e c t io n s  f o r  a p p ly in g  i t  t o  n e a r  I R  

im a g e r y .  A d d i t i o n a l  t o o l s  s u c h  a s  t h e  S A M  t o o l  o r  v e g e t a t io n  l i b r a r ie s  w e r e  

s u g g e s t e d  a s  o p t io n s  w i t h in  t h e  in t e r p r e t a t io n  k e y  a n d  t h e  o p t io n s  s h o w n  in  
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t h e  G I S  o p t io n s  a p p e n d ix  b u t  r e a l  e x a m p le s  c o u ld  n o t  b e  s h o w n  w i t h o u t  n e a r  

I R  o r  h y p e r s p e c t r a l  im a g e r y .  

 A r c G I S  w a s  u s e d  f o r  t h e  m a j o r i t y  o f  t h e  a n a ly s i s .  H e lp f u l  t o o l s  t h a t  

R ip a r ia n  t e a m s  m ig h t  u s e  w e r e  d e s c r ib e d  a n d  i l l u s t r a t e d  w i t h  e x a m p le s .  

T h e s e  in c lu d e d  t h e  M e a s u r e ,  S w ip e  L a y e r ,  a n d  t h e  s e a r c h  w in d o w  n e w  f o r  

A r c G I S  1 0 .  T h e  B L M  r e c e n t ly  m ig r a t e d  f r o m  A r c G I S  9 . 3 . 1  t o  A r c G I S  1 0 . 1  s o  

n o t  a l l  u s e r s  a r e  f a m i l i a r  w i t h  t h e  n e w  v e r s io n .  

 H o w  t o  c r e a t e  v e c t o r  l a y e r s  a n d  t h e i r  u s e  f o r  R ip a r ia n - w e t la n d  

a s s e s s m e n t  w e r e  a d d e d  a s  w e l l .  T h i s  in c lu d e d  a n  e x a m p le  f o r  u s in g  a  p o in t  

f e a t u r e  c la s s  t o  v ie w  d e n s i t y  o f  in d i c a t o r  s p e c ie s ,  a n c h o r e d  w o o d  w i t h in  t h e  

s t r e a m  o r  f o r  n o x io u s  w e e d s  b y  u s in g  t h e  P o in t  D e n s i t y  t o o l .  T h e  S lo p e  t o o l  

w a s  i l l u s t r a t e d  a n d  h o w  t o  a d d  c o n t o u r s  t o  t h e  s lo p e  r a s t e r  f r o m  t h e  S p a t ia l  

A n a ly s t  t o o lb a r .  

 T h e  L A S  f i l e  e x p o r t e d  f r o m  P h o t o S c a n  w a s  u s e d  in  A r c G I S  t o  c r e a t e  

t h e  L A S  d a t a s e t .   D i r e c t io n s  w e r e  w r i t t e n  f o r  t h i s  a n d  h o w  t o  u s e  t h e  p r o f i l e  

a n d  3 - D  v ie w s .  T h i s  i s  a n  im p o r t a n t  f e a t u r e  f o r  v ie w in g  v e g e t a t io n  h e ig h t s  

a n d  t h e  o v e r a l l  s lo p e  o f  t h e  r ip a r ia n - w e t la n d  a r e a .  

 T h e  N D V I  w a s  a p p l i e d  t o  t h e  n a t u r a l  c o lo r  im a g e r y  in  A r c G I S  a s  w e l l  a s  

E N V I .  W h i le  N D V I  i s  m o s t  u s e f u l  w h e n  a p p l i e d  t o  n e a r  I R  im a g e r y ,  i t  d o e s  

m a k e  t h e  v e g e t a t io n  s t a n d  o u t  a n d  a l l o w s  a n o t h e r  v ie w  f o r  d e t e r m in in g  t h e  

h e a l t h  o f  v e g e t a t io n .  T h e  o t h e r  p u r p o s e  w a s  j u s t  t o  s h o w  u s e r s  o f  l a t e r  
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p r o j e c t s  s im p le  d i r e c t io n s  f o r  a p p ly in g  N D V I  s o  t h e y  c o u ld  u s e  i t  o n  t h e i r  

o w n  n e a r  I R  im a g e r y .  

 I n s t r u c t io n s  f o r  a d d in g  S S U R G O  s o i l s  d a t a  w a s  in c lu d e d .  E a c h  m e m b e r  

o f  t h e  I D  t e a m  r e s e a r c h e s  t h e  s o i l s  in  t h e  a r e a  p r io r  t o  t h e  a s s e s s m e n t .  T h i s  

i s  o f t e n  d o n e  w i t h  a  p a p e r  m a p  o r  b y  u s in g  t h e  o n l in e  s o i l  m a p p in g  s e r v i c e  

h o s t e d  b y  U . S .  D e p a r t m e n t  o f  A g r i c u l t u r e ,  

h t t p : / / w e b s o i l s u r v e y . n r c s . u s d a . g o v / a p p / H o m e P a g e . h t m .  T h e  a b i l i t y  t o  l a y e r  

t h e  s o i l s  u n d e r  t h e  im a g e r y  i s  a  h e lp f u l  o p t io n .  

 A  r ip a r ia n  I D  t e a m ,  a s  r e q u i r e d  f o r  P F C  a s s e s s m e n t s ,  u s e d  t h e  

t e c h n ic a l  r e f e r e n c e  a lo n g  w i t h  t h e  v e c t o r  m e a s u r e m e n t s  a n d  b o u n d a r ie s  I  

c r e a t e d  t o  p e r f o r m  t h e  q u a n t i t a t i v e  a n d  P F C  c h e c k l i s t .  T h i s  in t e r d i s p l in a r y  

t e a m  in c lu d e d :   M e l i s s a  D ic k a r d ,  A q u a t i c  E c o lo g i s t ,  N a t io n a l  O p e r a t io n s  

C e n t e r ;  D r .  M a r k  G o n z a le z ,  N R S T  E c o lo g i s t / S o i l s ,  P r in e v i l l e  D e s c h u t e s  F ie ld  

O f f i c e ;  S a n d r a  W y m a n ,  N R S T  -  R a n g e la n d  M a n a g e m e n t  S p e c ia l i s t ,  

W a s h in g t o n  O f f i c e  c o n d u c t e d  t h e  a s s e s s m e n t s  f r o m  t h e  im a g e r y  t o  r e v ie w  

t h e  a c c u r a c y  o f  u s in g  t h e  U A S  im a g e r y .  L a n c e  B r a d y ,  F i r e  M a n a g e m e n t  

S p e c ia l i s t  a n d  U A S  P r o g r a m  L e a d ,  N a t io n a l  O p e r a t io n s  C e n t e r  a t t e n d e d  t h e  

m e e t in g  a s  w e l l  a s  t h e  U A S  e x p e r t .  T h e  r e s u l t s  o f  t h e  r e m o t e  s e n s in g  I D  

T e a m  w e r e  t h e n  c o m p a r e d  t o  a n  o n  t h e  g r o u n d  m e a s u r e m e n t s  a n d  f i e ld  

n o t e s  c o l l e c t e d  b y  H e id i  B la s iu s ,  F i s h e r y  B io lo g i s t  a n d  J e f f  C o n n ,  N a t u r a l  

R e s o u r c e  S p e c ia l i s t ,  S a f f o r d  F ie ld  O f f i c e  in  M a r c h  2 0 1 3 .  T h e  a c c u r a c y  o f  t h e  
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U A S  a s s e s s m e n t  w a s  t h e n  d e t e r m in e d  a n d  r e c o m m e n d a t io n s  f o r  f u t u r e  u s e  

a d d e d  t o  t h e  T e c h n ic a l  R e f e r e n c e .  

  T h e s e  r e s u l t s  w e r e  a d d e d  a  g e o d a t a b a s e  w i t h  p o in t ,  l i n e  a n d  p o ly g o n  

f e a t u r e  c la s s e s  w i t h  r e la t io n s h ip  f e a t u r e  c la s s e s  l i n k in g  t h e m  t o  t h e  r ip a r ia n  

t e a m 's  a s s e s s m e n t  r e s u l t s  r e c o r d e d  in  n o n - s p a t ia l  t a b le s .  T h e  d a t a  s t a n d a r d  

f o r  P F C  d a t a ,  R ip a r ia n  W e t la n d  A q u a t i c  L o c a t io n s  ( R W A L )  h a d  b e e n  

e s t a b l i s h e d  b u t  n o t  y e t  im p le m e n t e d .  T h i s  a s s e s s m e n t  w a s  t h e  s t a r t  o f  t h e  

im p le m e n t a t io n  o f  t h e  s c h e m a .  T h e  s t r u c t u r e  o f  t h e  g e o d a t a b a s e  i s  

i l l u s t r a t e d  in  t h e  A p p e n d ix  2  a n d  3  d ia g r a m s .  F o r  t h i s  p r o j e c t ,  t h e  a r c  f e a t u r e  

c la s s e s  w e r e  n o t  p o p u la t e d .  T h e s e  w e r e  r e q u i r e d  in  B L M  s p a t ia l  s c h e m a s  in  

t h e  p a s t  t o  k e e p  t r a c k  o f  h i s t o r i c a l  b o u n d a r ie s  o v e r  t im e .  P o ly g o n  f e a t u r e s  

w e r e  c r e a t e d  f r o m  t h e  a r c s  a n d  b o u n d a r y  m o v e m e n t s  w e r e  d o c u m e n t e d  t h i s  

w a y .  H o w e v e r ,  v e r s io n e d  S D E  g e o d a t a b a s e s  a r e  b e in g  u s e d  n o w  a n d  

e l im in a t e s  t h e  n e e d  f o r  t h e  a r c s .  P o ly g o n  f e a t u r e s ,  l i k e  t h e  o n e s  c r e a t e d  f o r  

t h i s  d a t a s e t ,  w i l l  b e  c r e a t e d  in d e p e n d e n t ly .  T h e  f e a t u r e  c la s s e s  w e r e  n o t  

o r ig in a l l y  c r e a t e d  in  t h i s  s c h e m a  b e c a u s e  t h e r e  w a s  o n g o in g  d e b a t e  a t  t h e  

t im e  a b o u t  p o s s ib le  c h a n g e s  t o  t h e  s c h e m a .  T h e  d a t a  w a s  m ig r a t e d  in t o  t h e  

s c h e m a  a f t e r  c o m p le t io n  o f  t h e  p r o j e c t .   

P r o j e c t  R e s u l t s  
 
 T h e  R ip a r ia n  I D  T e a m  w a s  a b le  t o  a n s w e r  m o s t  t h e  P F C  c h e c k l i s t s '  

q u e s t io n s .  T h e i r  r e s u l t s  w e r e  c o m p a r e d  t o  g r o u n d  m e a s u r e m e n t s ,  f i e ld  n o t e s  
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a n d  o n  t h e  g r o u n d  p h o t o g r a p h s  o f  t h e  t e s t  a r e a  c h e c k in g  t h e  v a l id i t y  o f  U A S  

im a g e r y  u t i l i z a t io n .  T h e  t e a m  f e l t  t h e i r  c h o i c e s  b a s e d  o n  t h e  U A S  im a g e r y  

w e r e  b a c k e d  u p  t h e  m e a s u r e m e n t s ,  f i e ld  n o t e s  a n d  p h o t o g r a p h s  in c lu d in g  

t h e  id e n t i f i c a t io n  o f  s p e c ie s  w h ic h  w e r e  n o t e d  in  t h e  o n  t h e  g r o u n d  

p h o t o g r a p h s .  T h e  t e a m  w a s  a b le  t o  id e n t i f y  s a c t o n  f r o m  t h e  U A S  im a g e r y  

w h ic h  i s  c le a r ly  d i s p la y e d  in  t h i s  p h o t o  t a k e n  b y  t h e  o n  t h e  g r o u n d  t e a m .  

 

F i g u r e  9 :  G r o u n d  p h o t o  o f  s t u d y  a r e a  ( M a r c h  2 0 1 3 )  

 T h e  e x c e p t io n s  w e r e  e i t h e r  d u e  t o  t h e  l im i t a t io n s  o f  t h e  s t u d y  a r e a  o r  

r e m o t e  s e n s in g  in  g e n e r a l .  F o r  e x a m p le ,  t h e  s e c o n d  lo t i c  q u e s t io n  a s k s  i f  

w h e r e  b e a v e r  d a m s  a r e  p r e s e n t  a r e  t h e y  t h e  a c t iv e  a n d  s t a b le .  A n  e x a m p le  

c o u ld  n o t  b e  c h o s e n  f r o m  t h e  s t u d y  a r e a  a n d  t h e  I D  t e a m  h a d  t o  s e le c t  N / A  

f o r  t h e  q u e s t io n  b e c a u s e  n o  b e a v e r  d a m s  e x i s t  o n  t h e  r e a c h .  T h e  

r e c o m m e n d a t io n s  w i t h in  t h e  in t e r p r e t a t io n  k e y  c o u ld  n o t  b e  t e s t e d  a n d / o r  
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a d d e d  t o  w i t h o u t  a  r e a l  e x a m p le .  L im i t a t io n s  o f  r e m o t e  s e n s in g  m a d e  le n t i c  

q u e s t io n  1 5 ,  t h e  c o l l e c t io n  o f  w a t e r  s a m p le s  t o  c h e c k  f o r  c h e m ic a l  a f f e c t in g  

p la n t  p r o d u c t iv i t y / c o m p o s i t i o n  im p o s s ib le ;  in s t e a d  o n ly  t h e  o v e r a l l  h e a l t h  o f  

t h e  p la n t s  c o u ld  b e  a n a ly z e d .  W a t e r  s a m p le s  w o u ld  b e  im p o s s ib le  t o  c o l l e c t  

a n d  a s s e s s  v ia  r e m o t e  s e n s in g  a n d  in d i c a t o r s  s u c h  a s  h o o f  s h e a r  m ig h t  b e  

d i f f i c u l t  t o  s e e  in  i t s  e n t i r e t y  b e c a u s e  i t  m a y  b e  lo c a t e d  u n d e r  v e g e t a t io n .  

F u l l  L iD A R  a s s e s s m e n t  m ig h t  b e  u s e f u l  in  t h i s  c a s e  b u t  o u t s id e  o f  t h e  b u d g e t  

o f  t h e  B L M .  

 T h e  I D  T e a m 's  s u g g e s t e d  m o d i f i c a t io n s  w e r e  a d d e d  t o  t h e  t e c h n ic a l  

r e f e r e n c e .  T h e  t e c h n ic a l  r e f e r e n c e  w i l l  b e  f o l l o w e d  a s  a  b e s t  p r a c t i c e  w h e n  

a n a ly z in g  f u t u r e  U A S  d a t a  t o  d e t e r m in e  w h a t  P F C  in d i c a t o r s  c a n  b e  a s s e s s e d  

b y  t h e  t e c h n o lo g y .  T h i s  w i l l  v a r y  b y  s i t e ,  c a m e r a  a n d  f l i g h t  c o n d i t i o n s .   

D i s c u s s i o n  
 
 O v e r a l l ,  t h e  p r o j e c t  w a s  a  s u c c e s s .  T h e  e n d  u s e r s ,  t h e  R ip a r ia n  I D  

T e a m ,  w e r e  p le a s e d  w i t h  t h e  r e s u l t .  T h e  t e c h n ic a l  r e f e r e n c e  w a s  a c c e p t e d .  

T h e  g e n e r a l  c o n s e n s u s  i s  t h a t  t h e y  w i l l  b e  u s in g  i t  a s  a  s t a r t in g  p o in t  t o  

r e w r i t e  t h e  e x i s t in g  t e c h n ic a l  r e f e r e n c e  f o r  t r a d i t i o n a l  a e r ia l  a n d  s a t e l l i t e  

in t e r p r e t a t io n  in  a d d i t i o n  t o  k e e p in g  i t  j u s t  f o r  U A S  im a g e r y .  T h i s  t e c h n ic a l  

r e f e r e n c e  w i l l  m o s t  l i k e ly  n o t  b e  p r in t e d  l i k e  p r e v io u s  o n e s ;  in s t e a d  i t  w i l l  b e  

a v a i l a b le  a c r o s s  t h e  B L M  o n  t h e  R ip a r ia n  S h a r e P o in t  s i t e .  T h i s  i s  d u e  t o  t h e  

r a p id  c h a n g e s  in  t e c h n o lo g y .  A s  s o f t w a r e  u p d a t e s  a r e  im p le m e n t e d  w i t h  t h e  



F o n d a  -  2 4  
 

B L M  t h e  s c r e e n s h o t s  a n d  d i r e c t io n s  m a y  n e e d  t o  b e  r e p la c e d .  A n  u p g r a d e  o f  

E N V I  f r o m  v e r s io n  4 . 8  t o  5  i s  a n t i c ip a t e d  t o  b e  a c c e p t e d  o n  t h e  B L M 's  

b a s e l in e  f o r  s o f t w a r e  in  t h e  n e x t  f e w  m o n t h s .  S ig n i f i c a n t  u p d a t e s  t o  t h e  

d i s p la y  a n d  m e n u s  w i l l  r e q u i r e  u p d a t e s  t o  t h e  t e c h n ic a l  r e f e r e n c e .  A d d i t i o n a l  

t o o l s ,  in c lu d in g  t h e  B L M  M o n i t o r in g  T o o l ,  I n t e r g r a p h ' s  S t e r e o  A n a ly s t  

e x t e n s io n  a n d  t h e  F o r e s t  S e r v i c e ' s  V a l l e y  B o t t o m  T o o l  a r e  e x p e c t e d  t o  b e  

a d d e d  t o  t h e  C i t r i x  e n v i r o n m e n t  s o o n  a n d  d e m o n s t r a t io n s  o f  t h e i r  u s e  w i l l  

n e e d  t o  b e  d o c u m e n t e d  a n d  in c o r p o r a t e d  in t o  t h e  t e c h n ic a l  r e f e r e n c e  a s  

w e l l .  

L e s s o n s  L e a r n e d  
  M y  in i t i a l  i n t e r v ie w s  s h o u ld  h a v e  in c lu d e d  m u l t ip le  e x p e r t s  a t  t h e  

b e g in n in g  o f  t h e  p r o j e c t  r a t h e r  t h a n  m id w a y  t h r o u g h  t o  g e t  a  b e t t e r  id e a  o f  

t h e i r  e x p e c t a t io n s .  T h e  p r o j e c t  w a s  s t a r t e d  w i t h  t h e  p la n  b a s e d  o n  m y  

in t e r v ie w  o f  t h e  r ip a r ia n  e x p e r t  w h o  m a d e  t h e  r e q u e s t  f o r  t h e  t e c h n ic a l  

r e f e r e n c e ,  M e l i s s a  D ic k a r d .  S h e  i s  a  f i s h e r ie s  e x p e r t  a n d  b e c a u s e  o f  t h i s  h a s  

s l i g h t ly  d i f f e r e n t  e x p e c t a t io n s  a n d  n e e d s  t h a n  o t h e r  R ip a r ia n  T e a m  m e m b e r s  

w h o  a r e  v e g e t a t io n  o r  s o i l s  e x p e r t s .  I  w a s  a b le  t o  m a k e  t h e  c h a n g e s  a n d  

a d d i t i o n s  t o  t h e  t e c h n ic a l  r e f e r e n c e  b u t  i t  w o u ld  h a v e  b e e n  e a s ie r  t o  d o  t h i s  

f r o m  t h e  s t a r t  o f  t h e  p r o j e c t .  

A r e a s  f o r  F u r t h e r  R e s e a r c h  
 T h e  s t u d y  a r e a  f o r  t h e  t h i s  p r o j e c t  w a s  c h o s e n  b e c a u s e  t h e  im a g e r y  

w a s  a l r e a d y  a v a i l a b le  a n d  i t  p r o v id e d  a  c h a n c e  t o  e x a m in e  t h e  im a g e r y  
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q u a l i t y  a n d  d e t e r m in e  w h a t  t h e  p o s s ib i l i t i e s  f o r  u s in g  U A S  f o r  r ip a r ia n  P F C  

a n d  q u a n t i t a t i v e  a s s e s s m e n t s  a n d  p r o v id e  f e e d b a c k  t o  t h e  U A S  t e a m  

r e g a r d in g  t h e  U A S  a n d  c a m e r a  c h o i c e  f o r  u p c o m in g  p r o j e c t s .  H o w e v e r ,  d u e  

t o  b e in g  m a n m a d e  a n d  s m a l l  s i z e  i t  i s  n o t  a n  id e a l  e x a m p le .  A n  a r e a  f o r  

f u r t h e r  r e s e a r c h  t h a t  w i l l  c e r t a in ly  b e  a p p l i e d  i s  t h e  a d d i t i o n  o f  o t h e r  s t u d y  

a r e a s  w i t h  d i f f e r e n t  t y p e s  o f  r ip a r ia n - w e t la n d  a r e a s .  T w o  m o r e  U A S  p r o j e c t s  

f o r  r ip a r ia n  a r e a s  a r e  a l r e a d y  p la n n e d  w i t h in  t h e  B L M  f o r  t h e  s u m m e r  o f  

2 0 1 3 .  T h e s e  c a s e  s t u d ie s  w i l l  u s e  t h e  t e c h n ic a l  r e f e r e n c e  a s  a  g u id e  a n d  

t h e n  t h e i r  r e s u l t s  a n d  t h e  r e c o m m e n d a t io n s  g le a n e d  f r o m  t h e m  w i l l  b e  

a d d e d  a s  a p p e n d ic e s  t o  t h e  t e c h n ic a l  r e f e r e n c e .  T h i s  a p p r o a c h  h a s  b e e n  

d o n e  w i t h  p r e v io u s  t e c h n ic a l  r e f e r e n c e s  a n d  i s  h e lp f u l  f o r  f u t u r e  I D  t e a m s .  

T h e y  a r e  a b le  t o  r e v ie w  s e v e r a l  e x a m p le s  in s t e a d  o f  j u s t  o n e  a n d  m o r e  

a c c u r a t e ly  a p p ly  t h e  in f o r m a t io n  t o  t h e i r  o w n  p r o j e c t .  D i f f e r e n t  s t u d y  a r e a s  

c o u ld  p r o v id e  t h e  c h a n c e  t o  u s e  a d d i t i o n a l  s p a t ia l  a n a ly s t  t o o l s  s u c h  a s  t h e  

p a i r e d  t - t e s t  a n d  s p a t ia l  a u t o c o r r e la t io n  w i t h  M o r a n ’ s  I  z - s c o r e s  a s  w a s  u s e d  

b y  B o o t h  e t  a l  f o r  in d i c a t o r  s p e c ie s  l i k e  t h e  w i l l o w .  

 T h e  o t h e r  o b v io u s  a n d  e x c i t in g  p r o s p e c t  f o r  f u r t h e r  r e s e a r c h  i s  u t i l i z in g  

a  n e a r  I R  c a m e r a  o r  e v e n  b e t t e r ,  o n e  w i t h  h y p e r s p e c t r a l  b a n d s .  T h e  n e a r  I R  

c a m e r a  w i l l  b e  t e s t e d  in  a  f e w  w e e k s  w h i le  t h e  h y p e r s p e c t r a l  c a m e r a  a n d  t h e  

U A S  t o  c a r r y  i t  a r e  c u r r e n t ly  o u t s id e  o f  t h e  b u d g e t .  E i t h e r  o p t io n  c o u ld  

e x p a n d  t h e  a v a i l a b le  a n a ly s i s  t o  in c lu d e  t o o l s  l i k e  E N V I ' s  S A M  o r  v e g e t a t io n  

l i b r a r ie s .  I d e n t i f i c a t io n  in  t h i s  m a n n e r  c o u ld  e i t h e r  h e lp  t h e  I D  t e a m  
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d e t e r m in e  p la n t  s p e c ie s  o r  b a c k u p  t h e i r  d e d u c t io n s  m a d e  f r o m  v i s u a l  

in t e r p r e t a t io n  o f  t h e  m o s a ic .    
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U n i t e d  S t a t e s  E n v i r o n m e n t a l  P r o t e c t io n  A g e n c y ,  C le a n  W a t e r  A c t  R e g u la t io n s  
l i s t e d  a t  4 0  C F R  2 3 0 . 3 ( t ) .  T a k e n  f r o m  
h t t p : / / w a t e r . e p a . g o v / la w s r e g s / g u id a n c e / w e t la n d s / d e f in i t i o n s . c f m  
( a c c e s s e d  O c t o b e r  2 0 1 2 ) .  

Y a n g ,  X .  2 0 0 7 .  I n t e g r a t e d  u s e  o f  r e m o t e  s e n s in g  a n d  g e o g r a p h ic  in f o r m a t io n  
s y s t e m s  in  r ip a r ia n  v e g e t a t io n  d e l in e a t io n  a n d  m a p p in g .  I n t e r n a t io n a l  
J o u r n a l  o f  R e m o t e  S e n s in g  2 8 ,  n o .  2 :  3 5 3 - 3 7 0 .   
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GUIDANCE (Reference) TABLES

Feature Dataset

Feature Dataset
rwal_lgcy

rwal

rwal_lgcy_loc_int_pt

Interest Point Identifier
RWA Identifier
Interest Point Type
Interest Point Date
GlobalID

Image Identifier
RAW Identifier
Image Reason One
Image Reason Two
Image Reason Three
Image Date
Image Time
Image Party Name
Image Direction Code
Image Link
GlobalID

rwal_lgcy_img_tbl

rwal_lgcy_pfc_ext_fctr_tbl

RWA Identifier Assessment Date
External Factor Name
External Factor Text
GlobalID

rwal_len_arc

Created Date
Created By Name
Modified Date
Modified By Name
Coordinate Source Type Code
Coordinate Source Code
Defining Feature Type Code
Defining Feature Code
Accuracy Measurement in Feet
Administrative State Code
GlobalID

rwal_loc_int_pt

Interest Point Identifier
RWA Identifier
Interest Point Type
Interest Point Date
GlobalID

rwal_pfc_asmt_tbl

RWA Identifier
Assessment Date
RWA Identifier Assessment Date
Functional Rating Name
Functional Rating Rationale A
Functional Rating Rationale B
Functional Risk Rating Trend
Risk Rating Trend Rationale A
Risk Rating Trend Rationale B
Assessment Method
Complex Indicator
Plant Species Occurrence Code
Assessment Overall Remarks A
Assessment Overall Remarks B
Assessment Restoration A
Assessment Restoration B
GlobalID

zz

rwal_asmt_discp_tbl

RWA Identifier Assessment Date
Assessment Party Name
Discipline One
Discipline Two
GlobalID

rwal_pfc_ext_fctr_tbl

RWA Identifier Assessment Date
External Factor Name
External Factor Text
GlobalID

rwal_img_tbl

Interest Point Identifier
RWA Identifier
Image Identifier
Image Reason One
Image Reason Two
Image Reason Three
Image Date
Image Time
Image Party Name
Image Direction Code
Image Link
GlobalID

rwal_len_pfc_tbl

RWA Identifier Assessment Date
LE01 Element Number Condition Response
LE01 Element Number Condition Level
LE01 Condition Response Text A
LE01 Condition Response Text B
LE02 Element Number Condition Response
LE02 Element Number Condition Level
LE02 Condition Response Text A
LE02 Condition Response Text B
LE03 Element Number Condition Response
LE03 Element Number Condition Level
LE03 Condition Response Text A
LE03 Condition Response Text B
LE04 Element Number Condition Response
LE04 Element Number Condition Level
LE04 Condition Response Text A
LE04 Condition Response Text B
LE05 Element Number Condition Response
LE05 Element Number Condition Level
LE05 Condition Response Text A
LE05 Condition Response Text B
LE06 Element Number Condition Response
LE06 Element Number Condition Level
LE06 Condition Response Text A
LE06 Condition Response Text B
LE07 Element Number Condition Response
LE07 Element Number Condition Level
LE07 Condition Response Text A
LE07 Condition Response Text B
LE08 Element Number Condition Response
LE08 Element Number Condition Level
LE08 Condition Response Text A
LE08 Condition Response Text B
LE09 Element Number Condition Response
LE09 Element Number Condition Level
LE09 Condition Response Text A
LE09 Condition Response Text B
LE10 Element Number Condition Response
LE10 Element Number Condition Level
LE10 Condition Response Text A
LE10 Condition Response Text B
LE11 Element Number Condition Response
LE11 Element Number Condition Level
LE11 Condition Response Text A
LE11 Condition Response Text B
LE12 Element Number Condition Response
LE12 Element Number Condition Level
LE12 Condition Response Text A
LE12 Condition Response Text B
LE13 Element Number Condition Response
LE13 Element Number Condition Level
LE13 Condition Response Text A
LE13 Condition Response Text B
LE14 Element Number Condition Response
LE14 Element Number Condition Level
LE14 Condition Response Text A
LE14 Condition Response Text B
LE15 Element Number Condition Response
LE15 Element Number Condition Level
LE15 Condition Response Text A
LE15 Condition Response Text B
LE16 Element Number Condition Response
LE16 Element Number Condition Level
LE16 Condition Response Text A
LE16 Condition Response Text B
LE17 Element Number Condition Response
LE17 Element Number Condition Level
LE17 Condition Response Text A
LE17 Condition Response Text B
LE18 Element Number Condition Response
LE18 Element Number Condition Level
LE18 Condition Response Text A
LE18 Condition Response Text B
LE19 Element Number Condition Response
LE19 Element Number Condition Level
LE19 Condition Response Text A
LE19 Condition Response Text B
LE20 Element Number Condition Response
LE20 Element Number Condition Level
LE20 Condition Response Text A
LE20 Condition Response Text B
GlobalID

rwal_lot_pfc_tbl

RWA Identifier Assessment Date
LO01 Element Number Condition Response
LO01 Element Number Condition Level
LO01 Condition Response Text A
LO01 Condition Response Text B
LO02 Element Number Condition Response
LO02 Element Number Condition Level
LO02 Condition Response Text A
LO02 Condition Response Text B
LO03 Element Number Condition Response
LO03 Element Number Condition Level
LO03 Condition Response Text A
LO03 Condition Response Text B
LO04 Element Number Condition Response
LO04 Element Number Condition Level
LO04 Condition Response Text A
LO04 Condition Response Text B
LO05 Element Number Condition Response
LO05 Element Number Condition Level
LO05 Condition Response Text A
LO05 Condition Response Text B
LO06 Element Number Condition Response
LO06 Element Number Condition Level
LO06 Condition Response Text A
LO06 Condition Response Text B
LO07 Element Number Condition Response
LO07 Element Number Condition Level
LO07 Condition Response Text A
LO07 Condition Response Text B
LO08 Element Number Condition Response
LO08 Element Number Condition Level
LO08 Condition Response Text A
LO08 Condition Response Text B
LO09 Element Number Condition Response
LO09 Element Number Condition Level
LO09 Condition Response Text A
LO09 Condition Response Text B
LO10 Element Number Condition Response
LO10 Element Number Condition Level
LO10 Condition Response Text A
LO10 Condition Response Text B
LO11 Element Number Condition Response
LO11 Element Number Condition Level
LO11 Condition Response Text A
LO11 Condition Response Text B
LO12 Element Number Condition Response
LO12 Element Number Condition Level
LO12 Condition Response Text A
LO12 Condition Response Text B
LO13 Element Number Condition Response
LO13 Element Number Condition Level
LO13 Condition Response Text A
LO13 Condition Response Text B
LO14 Element Number Condition Response
LO14 Element Number Condition Level
LO14 Condition Response Text A
LO14 Condition Response Text B
LO15 Element Number Condition Response
LO15 Element Number Condition Level
LO15 Condition Response Text A
LO15 Condition Response Text B
LO16 Element Number Condition Response
LO16 Element Number Condition Level
LO16 Condition Response Text A
LO16 Condition Response Text B
LO17 Element Number Condition Response
LO17 Element Number Condition Level
LO17 Condition Response Text A
LO17 Condition Response Text B
GlobalID

rwal_len_elmt_gde

Code
Description

rwal_len_ecosys_elmt_gde

Code
Description
Requirement Code

rwal_lot_ecosys_elmt_gde

Code
Description
Requirement Code

rwal_lot_elmt_gde

Code
Description

rwal_rosgen_clss_gde

Stream Classification Code
Combination of Attributes
Rosgen Channel Material Number

rwal_wtlnd_clss_gde

System
SubSystem
Class
SubClass

rwal_wtlnd_mod_gde

Wetland Modifier Code
Wetland Modifier Name
Wetland Modifier Type Name

rwal_lot_ln

RWA Identifier
NHD Reach Code
RWA Local Identifier
RWA Identification Date
NHD Water Body Name
RWA Local Name
RWA Location Access Text A
RWA Location Access Text B
RWA Location Determination Text A
RWA Location Determination Text B
Segmentation Purpose
Assessment Party Name
Data Source Code
Riparian Indicator
Riparian Potential Reference Code
Riparian Potential Reference Text A
Riparian Potential Reference Text B
Montgomery Buffington Stream Classification
Verified Montgomery Buffington Stream Classification
Rosgen Stream Classification
Verified Rosgen Stream Classification
Verified Stream Classification Text A
Verified Stream Classification Text B
Created Date
Created by Name
Modified Date
Modified by Name
Coordinate Source Type
Coordinate Source Code
Defining Feature Type Code
Defining Feature Code
Accuracy Measurement in Feet
Administrative State
Administative Unit Code
GlobalID
RWA NHD From Point Rate
RWA NHD To Point Rate

RWA Identifier
NHD Reach Code
RWA Local Identifier
RWA Identification Date
NHD Water Body Name
RWA Local Name
RWA Location Access Text A
RWA Location Access Text B
RWA Location Determination Text A
RWA Location Determination Text B
Assessment Party Name
Data Source Code
Riparian Indicator
Riparian Potential Reference Code
Riparian Potential Reference Text A
Riparian Potential Reference Text B
Wetland Classification Code
Wetland Classification Modifier(s)
Administrative Unit Code
Administrative State Code
GlobalID

rwal_len_poly

RWA Identifier Assessment Date
RWA Identifier
NHD Reach Code
Assessment Date
LE01 Element Number Condition Response
LE01 Element Number Condition Level
LE01 Condition Response Text A
LE01 Condition Response Text B
LE02 Element Number Condition Response
LE02 Element Number Condition Level
LE02 Condition Response Text A
LE02 Condition Response Text B
LE03 Element Number Condition Response
LE03 Element Number Condition Level
LE03 Condition Response Text A
LE03 Condition Response Text B
LE04 Element Number Condition Response
LE04 Element Number Condition Level
LE04 Condition Response Text A
LE04 Condition Response Text B
LE05 Element Number Condition Response
LE05 Element Number Condition Level
LE05 Condition Response Text A
LE05 Condition Response Text B
LE06 Element Number Condition Response
LE06 Element Number Condition Level
LE06 Condition Response Text A
LE06 Condition Response Text B
LE07 Element Number Condition Response
LE07 Element Number Condition Level
LE07 Condition Response Text A
LE07 Condition Response Text B
LE08 Element Number Condition Response
LE08 Element Number Condition Level
LE08 Condition Response Text A
LE08 Condition Response Text B
LE09 Element Number Condition Response
LE09 Element Number Condition Level
LE09 Condition Response Text A
LE09 Condition Response Text B
LE10 Element Number Condition Response
LE10 Element Number Condition Level
LE10 Condition Response Text A
LE10 Condition Response Text B
LE11 Element Number Condition Response
LE11 Element Number Condition Level
LE11 Condition Response Text A
LE11 Condition Response Text B
LE12 Element Number Condition Response
LE12 Element Number Condition Level
LE12 Condition Response Text A
LE12 Condition Response Text B
LE13 Element Number Condition Response
LE13 Element Number Condition Level
LE13 Condition Response Text A
LE13 Condition Response Text B
LE14 Element Number Condition Response
LE14 Element Number Condition Level
LE14 Condition Response Text A
LE14 Condition Response Text B
LE15 Element Number Condition Response
LE15 Element Number Condition Level
LE15 Condition Response Text A
LE15 Condition Response Text B
LE16 Element Number Condition Response
LE16 Element Number Condition Level
LE16 Condition Response Text A
LE16 Condition Response Text B
LE17 Element Number Condition Response
LE17 Element Number Condition Level
LE17 Condition Response Text A
LE17 Condition Response Text B
LE18 Element Number Condition Response
LE18 Element Number Condition Level
LE18 Condition Response Text A
LE18 Condition Response Text B
LE19 Element Number Condition Response
LE19 Element Number Condition Level
LE19 Condition Response Text A
LE19 Condition Response Text B
LE20 Element Number Condition Response
LE20 Element Number Condition Level
LE20 Condition Response Text A
LE20 Condition Response Text B

Data Source Code
Functional Rating Name
Riparian Indicator
Functional Risk Rating Trend
Risk Rating Trend Rationale Text A
Risk Rating Trend Rationale Text B
Assessment Method
Complex Indicator
Plant Species Occurrence Code
RWA Identification Date
RWA Local Name
Administrative Unit Code
Assessment Party Name
Administrative State Code
RWA Location Access Text A
RWA Location Access Text B
RWA Location Determination Text A
RWA Location Determination Text B
Riparian Potential Reference Code
Riparian Potential Reference Text A

Wetland Classification Code
Wetland Classification Modifier
Created Date
Created By Name
Modified Date
Modified By Name
Accuracy Measurement in Feet
Point Source Type
Point Source Description
Assessment Rating Rationale Text A
Assessment Rating Rationale Text B
Assessment Overall Remarks Text A
Assessment Overall Remarks Text B
Assessment Restoration Characteristic Text A
Assessment Restoration Characteristic Text B
Assessment Team

rwal_lgcy_len_pfc_pt

 

 



Fonda - 31 
 

Appendix 3 
 

 

 

RWAL Legacy Location Interest 
 5 ATTRIBUTES 

RWAL Location Interest 
 5 ATTRIBUTES 

RWAL Lotic 
 37 ATTRIBUTES 

RWAL Lentic Polygons 
21 ATTRIBUTES 

RWAL Lentic 
 11 ATTRIBUTES 

RWAL PFC Assessment 
 17 ATTRIBUTES 

RWAL Lentic PFC  
 82 ATTRIBUTES 

RWAL Lotic PFC Table 
70 ATTRIBUTES 

RWAL PFC External 
  4 ATTRIBUTES 

RWAL  Assessment 
  5 ATTRIBUTES 

RWAL Image 
 12 ATTRIBUTES RWAL Legacy Image 

 11 ATTRIBUTES 

RWAL Legacy PFC External 
  3 ATTRIBUTES 

RWAL Legacy Len. 
PFC Pt. 

 
     

 
Key: RWAID 

RWAL Legacy Lentic 
PFC Pt. 

 
     

  
Key: 

 

RWAL Legacy Lentic PFC 
 122 ATTRIBUTES 

RWAL Legacy Lentic 
PFC Pt. 

  
   

 
Key: RWAID 

RWAL Lentic Poly to Img 
  Key: RWAID 

RWAL Lentic Poly to PFC 
Asmt Tbl Rel Key: RWAID 

RWAL Lotic Ln to Img 
  Key: RWAID 

RWAL Loc. Int. Pt. to Img 
  Key: INT PTID 

RWAL Lotic Lines to PFC Asmt 
   Key: RWAID 

RWAL PFC Asmt Tbl to Asmt 
   Key: RWAIDASMT DATE 

RWAL PFC Asmt Tbl to Ext 
   Key: RWAIDASMT DATE 

RWAL PFC Asmt Tbl to Lentic 
   Key: RWAIDASMT DATE 

RWAL PFC Asmt Tbl to Lotic 
   Key: RWAIDASMT DATE 

RWAL Lentic Poly to Loc. Int. 
  Key: RWAID RWAL Lotic Lines to Loc Int 

  Key: RWAID 

RWAL Legacy 
  

Riparian, 
Wetland, Aquatic 

Location 

 
 

 

Note:  All relationships are 
simple and 
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