
E
ST

IM
A

T
IN

G
 V

EG
ETA

TIV
E 

B
IO

M
A

SS 
PROM

 
LA

N
D

SA
T-1 

IM
A

G
ERY

 
FO

R
 R
A
N
G
E
 M

A
N

A
G

EM
EN

T. 

P
a

u
l M

. 
S

e
e

v
e

rs, 
Jam

es 
V

. 
D

rew
 

an
d

 M
arv

in
 

P. 
C

a
rlso

n
, 

C
o

n
se

rv
a

tio
n

 
an

d
 S

u
rv

ey
 D

iv
isio

n
 an

d
 G

rad
u

ate C
o

lle
g

e
, 

U
n

iv
e

rsity
 o

f 
N

eb
rask

a, 
L

in
c

o
ln

, 
N

eb
rask

a, 
6
8
5
0
8
. 

A
B

STR
A

C
T 

E
v

a
lu

a
tio

n
 of 

LA
N

D
SA

T-1, 
b*?d 

5
 d

a
ta

 fo
r u

se
 in

 e
stim

a
tio

n
 o

f 
v

e
g

e
ta

tiv
e

 b
io

m
ass 

fo
r ra

n
g

e
 m

anagem
ent d

e
c

isio
n

s w
as 

c
a

rrie
d

 o
u

t fo
r 

fiv
e

 s
e

le
c

te
d

 ra
n

g
e

 s
ite

s
 in

 th
e

 S
a

n
d

h
ills re

g
io

n
 o

f N
eb

rask
a. 

A
n

aly
- 

s
is

 o
f s

e
ts

 o
f 

o
p

tic
a

l d
e

n
sity

-v
e

g
e

ta
tiv

e
 

b
io

m
ass d

a
ta

 in
d

ic
a

te
d

 th
a

t 
c

o
n

p
a

riso
n

s o
f b

io
m

ass e
stim

a
tio

n
 c

o
u

ld
 b

e
 m

ade w
ith

in
 o

n
e

 
fram

e b
u

t 
n

o
t b

etw
een

 
fra

m
e

s w
ith

o
u

t c
o

rre
c

tio
n

 fa
c

to
rs. 

T
h

ere w
as h

ig
h

 c
o

rre
- 

la
tio

n
 am

ong s
ite

s
 w

ith
in

 s
e
ts

 o
f ra

d
ia

n
c

e
 v

a
lu

e
-v

e
g

e
ta

tiv
e

 
b

io
m

ass 
d

a
ta

 an
d

 a
lso

 b
etw

een
 
s
e
ts

, 
in

d
ic

a
tin

g
 co

m
p

ariso
n

s o
f 

b
io

m
ass 

c
~

l
d

 
b

e m
ade w

ith
in

 an
d

 b
etw

een
 

fram
es. 

L
an

d
sat-1

 
d

a
ta

 a
re

 show
n 

t
o

 b
e

 a 
v

ia
b

le
 a

lte
rn

a
tiv

e
 t

o
 c

u
rre

n
tly

 u
se

d
 m

eth
o

d
s o

f 
d

e
te

rm
in

in
g

 v
e

g
e

ta
tiv

e
 

b
io

m
ass p

ro
d

u
c

tio
n

 
an

d
 sto

c
k

in
g

 ra
te

 reco
m

m
en

d
atio

n
s fo

r S
a

n
d

h
ills 

ra
n

g
e

 lan
d

. 

IN
TR

O
D

U
C

TIO
N

 

E
stim

a
te

s o
f 

v
e

g
e

ta
tiv

e
 b

io
m

ass 
fro

m
 re

fle
c

ta
n

c
e

 d
a

ta
 a

c
q

u
ire

d
 by 

a
irc

ra
ft an

d
 

s
a

te
llite

s
 h

av
e b

een
 e

v
a

lu
a

te
d

 by a num
ber 

o
f 

in
v

e
stig

a
to

rs. 
In

 g
e

n
e

ra
l, 

th
e

s
e

 s
tu

d
ie

s
 in

d
ic

a
te

 th
a

t e
stim

a
te

s o
f 

v
e

g
e

ta
tio

n
 d

e
n

s
ity

 
b

ased
 o

n
 re

fle
c

ta
n

c
e

 d
a

ta
 a

re
 c

o
m

p
lic

a
te

d
 by 

fa
c

to
rs

 a
sso

c
ia

te
d

 w
ith

 
th

e
 v

e
g

e
ta

tio
n

 
its

e
lf

, an
d

 w
ith

 th
e

 u
n

d
e

rly
in

g
 s

o
il w

hen v
e

g
e

ta
tio

n
 

d
o

e
s n

o
t c

o
v

e
r th

e
 s

o
il su

rfa
c

e
 c

o
m

p
le

te
ly

. 

R
e

fle
c

ta
n

c
e

 is
 in

flu
e

n
c

e
d

 b
y

 th
e

 k
in

d
 a

s
 w

e
ll a

s
 th

e
 d

e
n

s
ity

 o
f 

v
e

g
e

ta
tio

n
. 

T
h

u
s, 

d
iffe

re
n

c
e

s i
n

 re
fle

c
ta

n
c

e
 w

e
re

 u
se

d
 b

y
 L

av
er 

an
d

 
K

rum
pe 

(
I
)
 t

o
 d

is
tin

g
u

is
h

 sta
n

d
s o

f 
w

oody 
sp

e
c

ie
s an

d
 h

e
rb

a
c

e
o

u
s sp

e
c

ie
s, 

an
d

 b
y

 T
u

e
lle

r, 
e

t a
l., 

(2
) 

to
 d

is
tin

g
u

is
h

 th
e

 v
a

rio
u

s v
e

g
e

ta
tio

n
 

ty
p

e
s 

in
 N

evada. 
W

e
 h

av
e o

b
se

rv
e

d
 th

a
t p

u
re

 
sta

n
d

s o
f 

d
iffe

re
n

t g
ra

s
s

 sp
e

c
ie

s 
m

ay 
b

e
 d

iffe
re

n
tia

te
d

 o
n

 h
ig

h
-a

ltitu
d

e
 

c
o

lo
r-in

fra
re

d
 

p
h

o
to

g
rap

h
y

. 
W

iegand 
(3

) 
d

e
m

o
n

stra
te

d
 re

la
tio

n
s

h
ip

s
 b

etw
een

 
re

fle
c

ta
n

c
e

 m
easu

red
 

in
 m

u
ltis

p
e

c
tra

l sc
a

n
n

e
r 

(M
SS) 

b
an

d
s o

f 
LA

EID
SA

T-1 
an

d
 v

e
g

e
ta

tio
n

 d
en

- 
s

ity
 in

 g
iv

e
n

 sta
n

d
s o

f 
know

n 
c

ro
p

s. 
In

 th
e

 c
a

se
 o

f 
m

ix
ed

 ra
n

g
e

la
n

d
 

v
e

g
e

ta
tio

n
, 

h
o

w
ev

er, 
e

stim
a

te
s o

f v
e

g
e

ta
tiv

e
 b

io
m

ass m
ay 

b
e 

c
o

m
p

lic
a

te
d

 
by 

d
iffe

re
n

c
e

s
 in

 p
la

n
t sp

e
c

ie
s a

s
 w

e
ll a

s
 v

e
g

e
ta

tio
n

 d
e

n
sity

. 

A
 

fu
rth

e
r c

o
m

p
le

x
ity

 in
 e

stim
a

tin
g

 v
e

g
e

ta
tiv

e
 b

io
m

ass 
in

v
o

lv
e

s 
th

e
 m

u
ltip

le
 

la
y

e
rs

 o
f 

v
e

g
e

ta
tio

n
 d

e
sc

rib
e

d
 by 

P
earso

n
 

an
d

 M
ille

r 
(4

). 
T

he m
ask

in
g

 o
f 

a
 

sh
o

rt-g
ra

ss 
la

y
e

r by a m
id- 

o
r ta

ll-g
ra

s
s

 
la

y
e

r is
 a 

p
o

s
s

ib
ility

 in
 m

ix
ed

-sp
ecies 

ra
n

g
e

la
n

d
. 

In
 a

d
d

itio
n

, 
th

e
 p

re
se

n
c

e
 o

f 
c

o
n

tin
u

o
u

s v
e

g
e

ta
tiv

e
 c

o
v

e
r can

 m
ake 

la
y

e
rin

g
 a

 m
o

re 
c

r
itic

a
l fa

c
to

r 
th

a
n

 
in

 a
r
e
a
s
 w

h
ere v

e
g

e
ta

tio
n

 
is

 le
ss 

d
en

se. 

In
 a

re
a

s
 w

h
ere v

e
g

e
ta

tio
n

 c
o

v
e

r i
s

 d
isc

o
n

tin
u

o
u

s, 
h

o
w

ev
er, 

re
fle

c
- 

ta
n

c
e

 c
h

a
ra

c
te

ris
tic

s
 o

f 
th

e
 s

o
il su

rfa
c

e
 m

ay 
b
e a 

c
o

m
p

l~
c

a
tin

g
 fa

c
to

r 
in

 e
stim

a
tin

g
 v

e
g

e
ta

tiv
e

 b
io

m
ass. 

F
o

r 
ex

am
p

le, 
i
t
 h

a
s b

een
 

show
n re
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p
e

a
te

d
ly

 th
a

t re
fle

c
ta

n
c

e
 from

 
a 

s
o

il su
rfa

c
e

 i
s
 in

flu
e

n
c

e
d

 by 
th

e
 

m
o

istu
re

 c
o

n
te

n
t o

f 
th

e
 su

rfa
c

e
. 

M
o

reo
v

er, 
M

athew
s 

e
t a

l. 
(5

) 
fo

u
n

d
 

th
a

t th
e

 re
fle

c
ta

n
c

e
 

fro
m

 su
rfa

c
e

 s
o

il is
 a

ls
o

 in
flu

e
n

c
e

d
 by 

th
e

 am
o

u
n

t 
o

f 
c

la
y

, 
s
ilt an

d
 o

rg
a

n
ic

 m
a

tte
r in

 th
e

 s
o

il. 

T
he p

u
rp

o
se

 o
f th

is
 p

a
p

e
r is

 to
 d

isc
u

ss th
e

 u
se

 o
f 

M
SS 

d
a

ta
 a

c
- 

q
u

ire
d

 by 
LA

N
D

SA
T-1 

in
 e

stim
a

tin
g

 v
e

g
e

ta
tiv

e
 b

io
m

ass 
in

 th
e

 S
a

n
d

h
ills 

ra
n

g
e

la
n

d
 o

f 
N

eb
rask

a, 
an

d
 to

 show
 th

e
 re

la
tio

n
s

h
ip

 o
f 

th
e

se
 e

stim
a

te
s 

to
 ra

n
g

e
 m

anagem
ent 

d
e

c
isio

n
s. S

tu
d

y
 A

re
a

 

T
h

e S
a

n
d

h
ills re

g
io

n
 o

f N
eb

rask
a 

en
co

m
p

asses a
b

o
u

t 5
2

,0
0

0
 

sq
u

a
re

 
k

ilo
m

e
te

rs 
(2

0
,0

0
0

 
sq

u
a

re
 m

ile
s) 

o
f 

ra
n

g
e

la
n

d
. 

C
e

rta
in

 c
h

a
ra

c
te

ris
tic

s
 

o
f 

th
e

 re
g

io
n

 te
n

d
 to

 m
in

im
ize p

o
te

n
tia

l c
o

m
p

le
x

itie
s in

 e
stim

a
tin

g
 v

eg
e- 

ta
tiv

e
 b

io
m

ass 
fro

m
 re

fle
c

ta
n

c
e

 d
a

ta
 a

c
q

u
ire

d
 by 

L
an

d
sat-1

. 

T
h

e re
g

io
n

 is
 d

o
m

in
ated

 by 
d

u
n

e
s an

d
 

in
te

rv
e

n
in

g
 v

a
lle

y
s

 co
m

p
o

sed
 

o
f 

e
o

lia
n

 sa
n

d
 an

d
 s

ta
b

iliz
e

d
 by 

g
ra

sse
s an

d
 g

ra
ss-lik

e
 

p
la

n
ts. 

S
o

ils
 

fo
rm

ed
 

in
 th

e
 w

in
d

-so
rte

d
 

sa
n

d
s a

re
 re

la
tiv

e
ly

 u
n

ifo
rm

 an
d

 c
o

n
ta

in
 m

ore 
th

a
n

 
8

5
 p

e
rc

e
n

t sa
n

d
 o

v
e

r a
p

p
ro

x
im

a
te

ly
 8

5
 p

e
rc

e
n

t o
f 

th
e

 re
g

io
n

. 
L

a- 
c

a
lly

, 
s

o
ils

 c
o

n
ta

in
in

g
 

5
0

 t
o

 8
5

 p
e

rc
e

n
t sa

n
d

 o
c

c
u

r in
 v

a
lle

y
s an

d
 

a
re

 
o

fte
n

 c
h

a
ra

c
te

riz
e

d
 by 

n
e

a
r-su

rfa
c

e
 

w
a

te
r 

ta
b

le
s

 an
d

 c
o

n
tin

u
o

u
s v

e
g

e
ta

- 
tio

n
 in

 re
sp

o
n

ss t
o

 su
b

irrig
a

tio
n

. 

B
ecau

se o
f 

th
e

 ra
p

id
 in

filtra
tio

n
 an

d
 p

e
rm

e
a

b
ility

 o
f 

th
e

 san
d

y
 

s
o

ils
, 

th
e

 s
o

il su
rfa

c
e

 i
s

 n
o

rm
a

lly
 d

ry
 in

 a m
a
tte

r 
o

f 
h

o
u

rs 
fo

llo
w

in
g

 
ra

in
 sh

o
w

ers, 
e

v
e

n
 in

 su
b

irrig
a

te
d

 v
a

lle
y

s w
h

ere th
e

 w
a
te

r 
ta

b
le

 i
s
 

w
ith

in
 th

e
 lo

w
e

r p
o

rtio
n

 o
f 

th
e

 ?
o

il p
ro

file
. 

T
h

u
s, 

th
e

 p
o

s
s

ib
ility

 
o

f 
w

e
t su

rfa
c

e
 s

o
il a

s
 a 

fa
c

to
r in

flu
e

n
c

in
g

 re
fle

c
ta

n
c

e
 is

 m
in

im
ized

. 

V
ery

 
few

 p
la

n
t sp

e
c

ie
s a

re
 u

n
iq

u
e

 to
 s

p
e

c
ific

 s
o

ils
 o

r ra
n

g
e

 
s
ite

s
 w

ith
in

 th
e

 S
a

n
d

h
ills re

g
io

n
, 

e
x

c
e

p
t in

 w
e

tla
n

d
 

a
re

a
s

 w
h

ere 
re

la
- 

tiv
e

ly
 p

u
re

 
sta

n
d

s o
f w

a
te

r-to
le

ra
n

t 
sp

e
c

ie
s o

c
c

u
r. 

A
lth

o
u

g
h

 
th

e
 n

a
tiv

e
 

v
e

g
e

ta
tio

n
 c

o
n

s
is

ts
 o

f a m
ix

tu
re

 o
f 

sp
e

c
ie

s in
c

lu
d

in
g

 sh
o

rt- 
an

d
 m

id- 
g

ra
sse

s, th
e

 d
is

trib
u

tio
n

 an
d

 d
e

n
sity

 o
f 

ra
n

g
e

la
n

d
 p

la
n

ts
 is

 su
c

h
 th

a
t 

re
fle

c
ta

n
c

e
 is

 n
o

t g
e

n
e

ra
lly

 in
flu

e
n

c
e

d
 by m

u
ltip

le
 la

y
e

rs o
f 

v
e

g
e

ta
- 

tio
n

. V
e

g
e

ta
tio

n
 

su
rv

e
y

s in
d

ic
a

te
 a 

re
la

tiv
e

ly
 h

ig
h

 c
o

n
sta

n
c

y
 

(p
e

rc
e

n
- 

ta
g

e
 o

f 
s
ite

s
 o

n
 w

h
ich

 a g
iv

e
n

 
sp

e
c

ie
s is

 fo
u

n
d

) 
fo

r th
e

 m
a

jo
r 

fo
ra

g
e

- 
p

ro
d

u
cin

g
 

sp
e

c
ie

s. 
W

oody 
p

la
n

ts
 a

re
 re

la
tiv

e
ly

 in
s

ig
n

ific
a

n
t w

ith
in

 
th

e
 n

a
tiv

e
 v

e
g

e
ta

tio
n

. 
C

o
n

se
q

u
e

n
tly

, 
th

e
 re

la
tiv

e
 n

o
n

-se
g

re
g

a
tio

n
 

o
f 

sp
e

c
ie

s m
in

im
izes 

th
e

 in
flu

e
n

c
e

 o
f sp

e
c

ie
s d

iffe
re

n
c

e
s o

n
 

re
fle

c
ta

n
c

e
 

v
a

lu
e

s. 

M
eth

o
d

s 

F
iv

e
 s

s
le

c
te

d
 ra

n
g

e
 
s
ite

s
 w

ere 
sam

p
led

 d
u

rin
g

 th
e

 f
a

ll o
f 

1
9

7
2

 
an

d
 

fro
n

 Y
ay 

th
ro

u
g

h
 O

cto
b

er o
f 

1
9

7
3

 an
d

 
1

9
7

4
. 

V
e

g
e

ta
tio

n
 w

ith
in

 a 
q

u
a

d
ra

t o
n

e 
sq

u
a

re
 m

e
te

r 
in

 s
iz

e
 a

t
 e

a
c

h
 s

ite
 w

as 
c

lip
p

e
d

 w
ith

in
 th

re
e

 
d

a
y

s o
f 

se
le

c
te

d
 o

v
e

rp
a

sse
s o

f 
L

A
X

D
S

A
T

-1. 
D
r
y
 w

e
ig

h
ts o

f 
th

e
 sa

m
p

le
s 

a
s w

e
ll a

s fie
ld

 o
b

se
rv

a
tio

n
s re

la
te

d
 t

o
 ra

n
g

e
 c

o
n

d
itio

n
 w

ere 
o

b
ta

in
e

d
 

fo
r 
e
a
c
h
 
s
ite

. 



I
m
a
g
e
r
y
 
f
r
o
m
 M
S
S
 
band 

5 
a
c
q
u
i
r
e
d
 by 

L
a
n
d
s
a
t
-
1
 
f
o
r
 
t
h
e
 t
e
s
t
 s
i
t
e
s
 

w
a
s
 
e
v
a
l
u
a
t
e
d
 by 

o
p
t
i
c
a
l
 d
e
n
s
i
t
y
 m
e
a
s
u
r
e
m
e
n
t
s
 
o
f
 
1.:1,000,000 

p
o
s
i
t
i
v
e
 

t
r
a
n
s
p
a
r
e
n
c
i
e
s
 u
s
i
n
g
 
a
 M
c
B
e
t
h
 
d
e
n
s
i
t
o
m
e
t
e
r
.
 

R
e
a
d
i
n
g
s
 r
e
p
r
e
s
e
n
t
e
d
 a
v
e
r
-
 

a
g
e
 
o
p
t
i
c
a
l
 d
e
n
s
i
t
i
e
s
 f
o
r
 g
r
o
u
n
d
 
a
r
e
a
s
 o
f
 a
p
p
r
o
x
i
m
a
t
e
l
y
 
6
0
 h
e
c
t
a
r
e
s
 

(
1
5
0
 a
c
r
e
s
)
,
 w
e
l
l
 w
i
t
h
i
n
 t
h
e
 B
o
u
n
d
a
r
i
e
s
 o
f
 t
h
e
 
(
6
0
0
-
1
0
0
0
 a
c
r
e
)
 
2
4
0
-
 

4
0
0
 h
e
c
t
a
r
e
 m
a
n
a
g
e
m
e
n
t
 u
n
i
t
s
 
s
t
u
d
i
e
d
.
 
C
o
r
r
e
l
a
t
i
o
n
 
c
o
e
f
f
i
c
i
e
n
t
s
 w
e
r
e
 

t
h
e
n
 c
a
l
c
u
l
a
t
e
d
 f
o
r
 t
h
e
 r
e
s
u
l
t
i
n
g
 
s
e
t
s
 o
f
 
o
p
t
i
c
a
l
 d
e
n
s
i
t
y
-
v
e
g
e
t
a
t
i
v
e
 

b
i
o
m
a
s
s
 data. 

I
n
 a
d
d
i
t
i
o
n
,
 p
r
i
n
t
o
u
t
s
 f
r
o
m
 c
o
m
p
u
t
e
r
 c
o
m
p
a
t
i
b
l
e
 t
a
p
e
s
 of 

r
a
d
i
a
n
c
e
 

v
a
l
u
e
s
 
for 

M
SS 

b
a
n
d
 

5 w
e
r
e
 u
s
e
d
 
t
o
 o
b
t
a
i
n
 a
n
 
a
v
e
r
a
g
e
 r
a
d
i
a
n
c
e
 v
a
l
u
e
 
for 

a
n
 a
r
e
a
 9
 t
o
 
1
8
 h
e
c
t
a
r
e
s
 
(22 t

o
 4
4
 a
c
r
e
s
)
 
i
n
 s
i
z
e
 a
t
 e
a
c
h
 t
e
s
t
 
site. 

A
v
e
r
a
g
e
s
 o
f
 
20 

t
o
 4
0
 p
i
c
t
u
r
e
 e
l
e
m
e
n
t
s
 w
e
r
e
 d
e
t
e
r
m
i
n
e
d
 
f
o
r
 e
a
c
h
 
site. 

T
h
e
s
e
 a
v
e
r
a
g
e
 r
a
d
i
a
n
c
e
 v
a
l
u
e
s
 w
e
r
e
 
t
h
e
n
 u
e
e
d
 
t
o
 c
a
l
c
u
l
a
t
e
 c
o
r
r
e
l
a
t
i
o
n
 

c
o
e
f
f
i
c
i
e
n
t
s
 f
o
r
 t
h
e
 r
e
s
u
l
t
i
n
g
 s
e
t
s
 o
f
 r
a
d
i
a
n
c
e
 v
a
l
u
e
-
v
e
g
e
t
a
t
i
v
e
 b
i
c
-
 

m
a
s
s
 
data. 

R
e
s
u
l
t
s
 

V
e
g
a
t
i
o
n
 o
n
 t
h
e
 f
i
v
e
 s
i
t
e
s
 c
o
n
s
i
s
t
e
d
 o
f
 m
i
x
t
u
r
e
s
 o
f
 
s
h
o
r
t
-
 and 

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

d
i
t
i
o
n
 
i
m
p
r
o
v
e
d
.
 
S
e
v
e
r
a
l
 s
p
e
c
i
e
s
 w
e
r
e
 
c
o
m
m
o
n
 
t
o
 
a
l
l
 s
i
t
e
s
:
 
C
a
l
o
m
o
v
i
l
f
a
 

l
o
n
 
i
f
o
l
i
a
 
(
p
r
a
i
r
i
e
 s
a
n
d
r
e
e
d
)
 
S
 o
r
o
b
o
l
u
s
 
c
r
y
p
t
a
n
d
r
u
s
 
(sand d

r
o
p
s
~
e
d
r
 

h
9
r
a
c
i
l
i
s
 (
b
l
u
e
 g

r
a
&
a
]
b
a
 
-
-
 

crl s
t
a
t
T
T
p
r
a
i
r
i
e
 j
u
n
e
g
r
a
s
s
)
 . 

a
n
d
 
C
a
r
e
x
 s
p
e
c
i
e
s
.
 
P
o
a
 c
o
m
p
r
e
s
s
a
 
(
C
a
n
a
d
a
 b
l
u
e
g
r
a
s
s
)
 
w
a
s
 
found 

o
n
 
o
n
l
y
 
t
w
o
 

o
f
 
t
h
e
 
s
c
t
e
s
,
 w
h
i
l
e
 6

K
l
Z
e
r
g
i
a
 p
u
n
g
c
n
s
 
(
s
a
n
d
h
i
l
l
s
 m
u
h
l
e
y
)
 w
a
s
 
found 

. . 
o
n
l
y
 
o
n
 o
n
e
 
site. 

~
i
v
e
 

v
e
g
e
t
a
t
i
o
n
 c
o
n
s
t
i
t
u
t
e
d
 
f
r
o
m
 
1
1
 t
o
 
39 

p
e
r
c
e
n
t
 

of 
t
h
e
 p
l
a
n
t
 
c
o
v
e
r
 
o
n
 
t
h
e
 f
i
v
e
 sites. 

T
h
e
 h
i
g
h
 
c
o
r
r
e
l
a
t
i
o
n
 c
o
e
f
f
i
c
i
e
n
t
s
 o
b
t
a
i
n
e
d
 
f
o
r
 
t
h
e
 
s
e
t
s
 o
f
 r
a
d
i
-
 

a
n
c
e
 
v
a
l
u
e
-
v
e
g
e
t
a
t
i
v
e
 b
i
o
m
a
s
s
 
data 

from 
t
h
e
 
f i.vc t

e
s
t
 
s
i
t
e
s
 
i
n
d
i
c
a
t
e
d
 

t
h
a
t
 
r
e
l
i
a
b
l
e
 e
s
t
i
m
a
t
e
s
 o
f
 v
e
g
e
t
a
t
i
v
e
 b
i
o
m
a
s
s
 
c
a
n
 b
e
 m
a
d
e
 
from M

S
S
 
band 

5
 d
a
t
a
 o
b
t
a
i
n
e
d
 w
i
t
h
i
n
 t
h
e
 S
a
n
d
h
i
l
l
s
 r
e
g
i
o
n
.
 
iIowever, g

r
e
a
t
e
r
 v
a
r
i
a
-
 

t
i
o
n
 
e
x
i
s
t
e
d
 a
m
o
n
g
 c
o
r
r
e
l
a
t
i
o
n
 c
o
e
f
f
i
c
i
e
n
t
s
 for 

s
e
t
s
 o
f
 o
p
t
i
c
a
l
 d
e
n
s
i
t
y
-
 

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

v
e
g
e
t
a
t
i
v
e
 b
i
o
m
a
s
s
 
data. 

T
a
b
l
e
 1
 s
h
o
w
s
 a
 r
e
l
a
t
i
v
e
l
y
 w
i
d
e
 
r
a
n
g
e
 o
f
 
c
o
r
r
e
l
a
t
i
o
n
 c
o
e
f
f
i
c
i
e
n
t
s
 

f
r
o
m
 
.20 

to 
.94 

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

A
 
coinposite 

a
n
a
l
y
s
i
s
 o
f
 
t
h
e
s
e
 
1
9
7
3
 d
a
t
a
 
s
e
t
s
 r
e
s
u
l
t
e
d
 
in 

a
 
l
o
w
 n
e
g
a
-
 

t
i
v
e
 
c
o
r
r
e
l
a
t
i
o
n
 c
o
e
f
f
i
c
i
e
n
t
 
(-.20,. 

In 
c
o
n
t
r
a
s
t
,
 T
a
b
l
e
 
2
 s
h
o
w
s
 r
e
l
a
-
 

t
i
v
e
l
y
 h
i
g
h
 
c
o
r
r
e
l
a
t
i
o
n
 
c
o
e
f
f
i
c
i
c
n
t
z
 r
a
n
g
i
n
g
 
f
r
o
m
 -.79 

t
o
 
-.93 

for 
th

e 
s
e
t
s
 of 

r
a
d
i
a
n
c
e
 v
a
l
u
e
-
v
e
g
e
t
a
t
i
v
e
 b
i
o
m
a
s
s
 d
a
t
a
.
 

In 
a
d
d
i
t
i
o
n
,
 t
h
e
 
c
o
r
-
 

r
e
l
a
t
i
o
n
 c
o
e
f
f
i
c
i
e
n
t
 
for 

a
 c
o
m
p
o
s
i
t
e
 a
n
a
l
y
s
i
s
 of 

t
h
e
 
1
9
7
2
-
1
9
7
4
 d
a
t
a
 

w
a
s
 
h
i
g
h
 
(-.85). 

D
i
s
c
u
s
s
i
o
n
 

S
t
a
t
i
s
t
i
c
a
l
l
y
,
 t
h
c
 
d
a
t
a
 
in 

T
a
b
l
c
 
2
 inc1icat.e high 

r
e
l
i
a
b
i
l
i
t
y
 
f
o
r
 

r
e
m
o
t
e
l
y
 
s
e
n
s
e
d
 
e
s
t
i
m
a
t
e
s
 o
f
 v
e
g
e
t
a
t
i
v
e
 
b
i
o
m
a
s
s
 
in 

the 
S
a
n
d
h
i
l
l
s
 r
e
g
i
o
n
 

u
s
i
n
g
 
r
a
d
i
a
n
c
e
 v
a
l
u
e
s
 
in 

band 
5
 i
r
o
m
 
c
o
m
p
u
t
e
r
 c:ompatible 

tapcs. 
T
h
e
 

c
l
o
s
e
 r
e
l
a
t
i
o
n
s
h
i
p
s
 o
b
t
a
i
n
e
d
 
for 

thc 
s
e
t
s
 of 

r
a
d
i
a
n
c
e
 v
a
l
u
c
-
v
r
g
c
t
a
t
i
v
e
 

b
i
o
m
a
s
s
 d
a
t
a
 
in 

c
o
m
p
a
r
i
s
o
n
 w
i
t
h
 
the 

s
e
t
s
 o
f
 
o
p
t
i
c
a
l
 dcrbsity-vegctdtive 

b
i
o
m
a
s
s
 d
a
t
a
 
p
r
o
S
a
S
l
y
 
r
e
s
u
l
t
 
from 

thc 
s
m
a
l
l
c
r
 

n
n

d
 m
o
r
e
 
uniform 

q
r
o
u
n
d
 



a
re

a
s m

easu
red

 
fo

r ra
d

ia
n

c
e

 v
a

lu
e

s a
s o

p
p

o
sed

 t
o

 th
e

 la
rg

e
r and 

le
ss 

u
n

ifo
rm

 g
ro

u
n

d
 

a
re

a
s m

easu
red

 fo
r o

p
tic

a
l d

e
n

sity
. 

In
 a

d
d

itio
n

, 
th

e
 re

la
tiv

e
ly

 h
ig

h
 c

o
rre

la
tio

n
 c

o
e

ffic
ie

n
t fo

r th
e

 
c

o
n

p
o

site
 a

n
a

ly
sis o

f 
th

e
 se

ts o
f 

ra
d

ia
n

c
e

 v
a

lu
e

-v
e

g
e

ta
tiv

e
 

b
io

m
ass 

d
a

ta
 

(-.8
5

) 
su

g
g

e
st th

a
t v

a
lid

 co
m

p
ariso

n
s can

 b
e m

ade o
f 

ra
d

ia
n

c
e

 
v

a
lu

e
s o

b
ta

in
e

d
 on d

iffe
re

n
t d

a
te

s by 
LA

N
D

SA
T-1. 

C
o

rre
la

tio
n

 c
o

e
ffi- 

c
ie

n
ts

 fo
r th

e
 s

e
ts

 o
f o

p
tic

a
l d

e
n

sity
-v

e
g

e
ta

tiv
e

 
b

io
m

ass d
a

ta
 in

d
i- 

c
a

te
 th

a
t co

m
p

ariso
n

s o
f o

p
tic

a
l d

e
n

sitie
s w

ith
in

 a 
LA

N
D

SA
T 

fram
e 

a
re

 
v

a
lid

, 
b

u
t th

e
 low

 c
o

rre
la

tio
n

 c
o

e
ffic

ie
n

t fo
r th

e
 co

m
p

o
site a

n
a

ly
sis 

o
f 

th
e

se
 d

a
ta

 su
g

g
e

sts th
a

t v
a

lid
 co

m
p

ariso
n

s o
f o

p
tic

a
l d

e
n

sity
 o

n
 

fram
es a

c
q

u
ire

d
 o

n
 d

iffe
re

n
t d

a
te

s can
n

o
t b

e m
ade w

ith
o

u
t a

p
p

lic
a

tio
n

 
o

f 
c

o
rre

c
tio

n
 fa

c
to

rs. 

O
th

er 
in

v
e

stig
a

to
rs h

av
e u

tiliz
e

d
 ra

tio
s

 o
f ra

d
ia

n
c

e
 v

a
lu

e
s, 

u
s- 

u
a

lly
 b

etw
een

 band 
5
 an

d
 band 

6
 o

r
 7

, 
to

 e
stim

a
te

 v
e

g
e

ta
tio

n
 d

e
n

sity
 

o
r 

b
io

m
ass 

(3
, 

6
). 

T
h

ese ra
tio

s
 c

o
rre

la
te

 w
ith

 *
g

reen
u

 b
ia

n
a

ss an
d

 
a

re
 in

flu
e

n
c

e
d

 by n
e

a
r-in

fra
re

d
 

re
fle

c
ta

n
c

e
 in

 band 
6

 o
r 7

 fra
n

 v
ig

o
r- 

o
u

s, 
h

e
a

lth
y

, 
g

reen
 

p
la

n
ts a

s
 w

e
ll a

s
 v

is
ib

le
 red

 
re

fle
c

ta
n

c
e

 in
 b

an
d

 
5
. 

In
 th

e
 S

a
n

d
h

ills ra
n

g
e

la
n

d
, 

how
ever, 

m
o

istu
re

 s
tre

s
s
 m

ay 
red

u
ce 

n
e

a
r-in

fra
re

d
 

re
fle

c
ta

n
c

e
 fra

n
 th

e
 v

e
g

e
ta

tio
n

 an
d

 th
u

s in
d

ic
a

te
 a d

e- 
c

re
a

se
 in

 v
e

g
e

ta
tiv

e
 b

io
m

ass, 
N

e
v

e
rth

e
le

ss, 
ran

g
e p

la
n

ts u
n

d
er m

o
is- 

tu
re

 s
tre

s
s
 a

re
 le

g
itim

a
te

 so
u

rc
e

s o
f 

fo
ra

g
e

, an
d

 v
e

g
e

ta
tiv

e
 b

io
m

ass 
d

o
e

s n
o

t n
e

c
e

ssa
rily

 d
e

c
re

a
se

 d
u

rin
g

 p
e

rio
d

s o
f m

o
istu

re
 

stre
ss. 

O
ur 

re
s

u
lts

 in
d

ic
a

te
 th

a
t e

stim
a

te
s o

f v
e

g
e

ta
tiv

e
 b

io
m

ass 
in

 th
e

 S
a

n
d

h
ills 

re
g

io
n

 u
sin

g
 ra

d
ia

n
c

e
 v

a
lu

e
s in

 band 
5
 a

lo
n

e
 in

v
o

lv
e a b

alan
ce b

etw
een

 
th

e
 a

b
so

rp
tio

n
 o

f 
v

is
ib

le
 re

d
 

lig
h

t by 
liv

e
 p

la
n

t tis
s

u
e

 an
d

 th
e

 re
fle

c
- 

ta
n

c
e

 o
f 

v
is

ib
le

 re
d

 
lig

h
t by 

ex
p

o
sed

 san
d

y
 s

o
il. 

S
in

c
e

 ran
g

e m
anagem

ent in
v

o
lv

in
g

 an
im

al sto
c

k
in

g
 ra

te
s

 is
 b

ased
 

o
n

 th
e

 fo
ra

g
e

 p
ro

d
u

cin
g

 
c

a
p

a
b

ility
 o

f 
in

d
iv

id
u

a
l m

anagem
ent 

u
n

its, 
e

stim
a

te
s o

f v
e

g
e

ta
tiv

e
 b

io
m

ass w
ith

in
 m

anagem
ent u

n
its

 a
re

 im
p

o
rta

n
t 

fo
r m

anagem
ent d

e
c

isio
n

s. 
Tw

o 
s
ite

s
 w

ere se
le

c
te

d
 fro

m
 th

e
 fiv

e
 s

ite
s
 

stu
d

ie
d

 in
 th

e
 S

a
n

d
h

ills re
g

io
n

 to
 illu

s
tra

te
 m

anagem
ent p

ra
c

tic
e

s an
d

 
t

o
 show

 m
anagem

ent d
e

c
isio

n
s b

ased
 

on 
tra

d
itio

n
a

l fie
ld

 e
stim

a
te

s o
f 

fo
ra

g
e

 p
ro

d
u

ctio
n

 
in

 co
m

p
ariso

n
 w

ith
 s

a
te

llite
 e

stim
a

te
s o

f 
v

e
g

e
ta

tiv
e

 
b

io
m

ass. 

O
ne 

o
f 

th
e

se
 s

ite
s
 

(S
ite

 A
) w

as n
o

t g
razed

 o
r m

ow
ed 

d
u

rin
g

 th
e

 
g

ro
w

in
g

 seaso
n

 of 
1973. 

T
h

is
 p

e
rm

itte
d

 d
ire

c
t m

easurem
ent 

o
f 

th
e

 m
ax- 

in
m

 p
ro

d
u

ctio
n

 
o

f 
v

e
g

e
ta

tiv
e

 b
io

m
ass. 

C
lip

p
in

g
 d

a
ta

 o
b

ta
in

e
d

 
from

 
S

ite
 A

 
a

t
 in

te
rv

a
ls d

u
rin

g
 th

e
 g

ro
w

in
g

 seaso
n

 show
ed a ty

p
ic

a
l c

u
rv

e
 

fo
r fo

ra
g

e
 p

ro
d

u
ctio

n
 

(F
ig

u
re

 1
)
. 

A
 

seco
n

d
 
s

ite
 

(S
ite

 B
)
 w

as 
su

b
je

c
te

d
 to

 g
ra

z
in

g
 by 

liv
e

sto
c

k
 d

u
r- 

in
g

 th
e

 g
ro

w
in

g
 

seaso
n

 so
 th

a
t a p

o
rtio

n
 

of 
th

e
 v

e
g

e
ta

tiv
e

 b
io

m
ass w

as 
rem

oved 
from

 th
e

 s
ite

. 
T

h
u

s, 
m

axim
um

 
p

ro
d

u
ctio

n
 o

f 
fo

ra
g

e
 co

u
ld

 n
o

t 
b

e
 m

easu
red

 a
t

 S
ite

 B
, 

b
u

t w
as 

judged 
on 

th
e

 b
a

sis o
f m

axim
um

 
p

o
ten

- 
tia

l p
ro

d
u

ctio
n

 
and an

 e
stim

a
te

 o
f 

v
e

g
e

ta
tiv

e
 b

io
m

ass 
rem

oved 
by 

g
ra

z
- 

in
g

 an
im

als. 
T

he d
e

c
lin

e
 in

 v
e

g
e

ta
tiv

e
 b

io
m

ass 
a

t S
ite

 B
 a

fte
r Ju

n
e

 
1

8
, 

1
9

7
3

, w
ith

 th
e

 e
x

c
e

p
tio

n
 o

f 
sm

a
ll in

c
re

a
se

s in
 resp

o
n

se 
to

 p
e

r- 
io

d
ic

 ra
in

 sh
o

w
ers, 

show
ed th

e
 in

flu
e

n
c

e
 of 

g
ra

z
in

g
 

in
 rem

o
v

in
g

 v
eg

e- 
ta

tiv
e

 b
io

m
ass 

(F
ig

u
re

 1
)
. 



D
ata o

b
ta

in
e

d
 a

t
 S

ite
s

 A
 an

d
 

B
 w

ere 
com

pared w
ith

 ra
n

g
e

 m
anage- 

m
en

t d
e

c
isio

n
s b

ased
 o

n
 fie

ld
 c

rite
ria

 d
ev

elo
p

ed
 by 

th
e

 S
o

il C
o

n
ser- 

v
a

tio
n

 S
e

rv
ic

e
 

(S
C

S
, 

U
SD

A
) 

th
ro

u
g

h
 e

x
te

n
siv

e
 e

x
p

e
rie

n
c

e
 w

ith
in

 th
e

 
S

a
n

d
h

ills re
g

io
n

. 
S

ite
 A

 
show

ed good ag
reem

en
t b

etw
een

 v
e

g
e

ta
tiv

e
 

b
io

m
ass m

easu
red

 b
y
 

c
lip

p
in

g
 an

d
 

th
e

 recom
m

ended 
sto

c
k

in
g

 ra
te

. 
C

lip
- 

p
in

g
 d

a
ta

 from
 th

is
 s

ite
 show

ed a
 m

axim
um

 
p

ro
d

u
c

tio
n

 o
f 

1
6

6
5

 k
ilo

g
ram

s 
o

f 
v

e
g

e
ta

tiv
e

 b
io

m
ass p

e
r h

e
c

ta
re

 
(1480 

lb
. 

p
e

r A
). 

R
ecom

m
ended m

anaga- 
m

ent 
fo

r th
is

 s
ite

 a
c

c
o

rd
in

g
 to

 SC
S 

c
rite

ria
 in

v
o

lv
e

d
 th

e
 9

~
tiliz

a
tio

n
 

o
f 

o
n

e-fo
u

rth
 

o
f 

th
e

 m
axim

um
 p

ro
d

u
c

tio
n

 o
n

 o
n

e a
c

re
 by 

o
n

e an
im

al u
n

it 
p

e
r m

onth. 
T

hus, 
416 

k
ilo

g
ram

s 
(370 lb

.) 
o

f 
v

e
g

e
ta

tiv
e

 b
io

m
ass w

ould 
b

e 
u

tiliz
e

d
 fro

m
 S

ite
 A

 p
e

r m
onth 

u
n

d
er good m

anagem
ent. 

A
ssum

ing th
a

t o
n

e an
im

al u
n

it re
q

u
ire

s 848 k
ilo

g
ram

s 
(7

5
0

 lb
.) 

o
f v

e
g

e
ta

tiv
e

 b
io

m
ass p

e
r m

o
n

th
, 

e
a

c
h

 a
c

re
 o

f 
S

ite
 A

 w
ould 

p
ro

v
id

e
 

0
.5

 
an

im
al u

n
its

 p
e

r m
onth. 

T
h

is is
 th

e
 a

c
tu

a
l sto

c
k

in
g

 ra
te

 recom
- 

m
ended 

fo
r S

ite
 A

 by 
th

e
 SC

S 
o

n
 th

e
 b

a
sis o

f 
fie

ld
 c

rite
ria

. 

In
 th

e
 c

a
se

 o
f 

S
ite

 B
, 

g
ra

z
in

g
 w

as 
p

e
rm

itte
d

 on th
e

 s
ite

 d
u

rin
g

 
m

o
st 

o
f 

th
e

 g
ro

w
i.?g

 seaso
n

. 
T

h
u

s, 
i
t
 w

as 
n

o
t p

o
ssib

le
 to

 e
stim

a
te

 ac- 
tu

a
l m

axim
um

 
p

ro
d

u
c

tio
n

 
e

ith
e

r
 from

 c
lip

p
in

g
 d

a
ta

 o
r ra

d
ia

n
c

e
 v

a
lu

e
s. 

B
ased

 o
n
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n
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S 

fie
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a
te

 of 
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ra
n

g
e

 c
o

n
d

itio
n

 c
la

s
s

 fo
r 

S
ite

 B
, 

h
o

w
ev

er, 
m

axim
um

 
p

ro
d

u
c

tio
n

 
sh

o
u

ld
 ap

p
ro

x
im

ate 3390 k
ilo

g
ram

s 
p

e
r 

h
e

c
ta

re
 

(3000 
lb

. 
p

e
r 

A
.). 

R
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ce v

a
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e
s 
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5
 c

o
rre
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w
ith

 c
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p
in

g
 d

a
ta

 in
d
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a

te
d
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p

ro
x

im
ately
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g

ram
s 

o
f 

v
e

g
e
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e
 

b
io

m
ass p

e
r h

e
c

ta
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(1

4
8

5
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. 
p
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A
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a

t
 S

ite
 B

 d
u
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g

 th
e
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e
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f 

p
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d
u

c
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n
 on Ju

n
e

 1
8

, 
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rite
ria

 a
t

 S
ite

 B
 

in
d
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a
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d
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se
" 

g
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z
in

g
 on Ju

n
e 

1
8
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1

9
7

3
, 

su
g

g
e

stin
g

 th
a

t m
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th
a

n
 th

e
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m
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am
ount 

of 
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g

e
 h
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 b
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F

o
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w
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g
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m
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m
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p
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c
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e
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f 
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g
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n
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u
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o
f 
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e

 m
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p
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d
u

c
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p
e

r 
m

onth, 
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p
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x
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1
0

1
3
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g
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(2

2
5

0
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.) 
o
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v

e
g

e
ta

tiv
e

 b
io

m
ass 
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o

u
ld

 h
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e rem
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ed
 

a
t

 S
ite

 B
 o

n
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n
e 

1
8

, 
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In
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a
d
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th

e
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s
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m
ate o

f 
v

e
g

e
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tiv
e

 b
io

m
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from
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d
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n

c
e
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a

lu
e
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s w

e
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s
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b
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v

a
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n
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e

 fie
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d
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a
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d
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a
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n
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z
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g
 h
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m
~

v
e

d
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p
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x
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a
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n
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o
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e
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e
g

e
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tiv
e

 b
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T
h

u
s, 
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a
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s o
f 

v
e

g
e
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 b

io
m
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L
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o
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- 
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d
 w
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p
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g

 d
a
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d
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S
C

S
 ran

g
e m

anagem
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m
m

en
d

atio
n

s 
b

ased
 on 

ju
d

g
m

en
ts 
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 th

e
 fie

ld
. 

C
o

n
clu

sio
n

 

In
 th

e
 p

a
st, 

reco
m

m
en

d
atio

n
s 

fo
r sto

c
k

in
g

 ra
te

s
 h

av
e b

een
 

b
ased

 
o

n
 £

ie
ld

 e
stim

a
te

s o
f 

sp
e

c
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s c
o

z
~

~
o

s
itio

n
 

and 
th

e
 p

e
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e
n

t 
of 

v
e

g
e

ta
- 

tiv
e

 c
o

v
e

r, 
th

e
 b

e
st e

stim
a
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f 
c
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a

tic
 c

o
n

d
itio

n
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e

 g
ro

w
in

g
 

seak
o

n
, 

and 
e

x
p

e
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n
c

e
. 

N
o

rm
ally

, 
th

e
 a

g
e

n
c

ie
s 

in
v

o
lv

ed
 

in
 recom

m
end- 

in
g

 m
anagem

ent p
la

n
s d

o
 n

o
t h

av
e th

e
 m

anpow
er o

r 
re

so
u

rc
e

s n
e

c
e

ssa
ry

 
to

 c
o

lle
c

t s
u

ffic
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n
t d

a
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 on v
e

g
e

ta
tiv

e
 b

io
m

ass 
th

ro
u

g
h

 c
lip

p
in

g
 

stu
d

ie
s. 

S
in

c
e

 ra
d

ia
n

c
e
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a

lu
e

s a
c

q
u
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d

 by 
L

A
X

D
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T
-1 

m
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be 
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p
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d

 
to

 g
iv

e
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b
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a
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s of 

v
e

g
e
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e
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m
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th

e
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 d
a
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p
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v
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e
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lte
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a

tiv
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r m
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m
m
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n

s 
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c

k
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g
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s

 
o

v
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la
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e
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r
e
a
s
.
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