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M
easurem

ent units and conversions

m
 =

 m
eter

1 m
 =

 3.2808 ft
kg =

 kilogram
1 kg =

 2.2046 lb
y =

 year
ft =

 foot
1 ft =

 0.3048 m
lb =

 pound
1 lb =

 0.4534 kg
ka =

 kiloannum
 =

 1000 yr
km

 =
 kilom

eter
1 km

 =
 0.6213 m

i
m

etric ton =
 1000 kg

1 m
etric ton =

 1.1023 ton
m

i =
 m

ile
1 m

i =
  1.9093 km

E
nglish ton =

 2000 lb
1 ton =

 0.9072 m
etric ton

1 m
i =

 5280 ft
tonne =

 m
etric ton

ton =
 E

nglish ton

1 km
2=

 0.3861 m
i 2

1 g/cm
3 =

 1000 kg/m
3 =

 1 tonne/m
3 =

  62.428 lb/ft 3
1 m

etric ton/km
2 =

 2.855 ton/m
i 2

1 m
i 2=

 2.60 km
2

1 kg/m
3 =

  0.0624 lb/ft 3
1 ton/m

i 2 =
 0.3503 m

etric ton/km
2

1 m
i 2=

 27,878,400 ft 2
1 lb/ft 3 =

 0.0610 g/cm
3 =

  61.1018 kg/m
3

quantity
sym

bol
dim

ensions
units

description

E
rosion rate

E
[M

/T
]

kg/y
m

etric tons/y
m

etric tons/ka
tons/y
tons/ka

rate of rem
oval of rock and soil m

aterial from
 the land surface of a drainage basin

m
easured as m

ass rem
oved per unit tim

e

U
nit erosion rate

r
[M

/L
2 T

]
kg/km

2/y
m

etric tons/km
2/ka

tons/m
i 2/y

rate of rem
oval of rock and soil m

aterial from
 the land surface of a drainage basin

m
easured as m

ass rem
oved per unit area per unit tim

e

L
ow

ering rate
(D

enudation rate)
L

[L
/T

]
m

m
/y

m
/y

m
/ka

ft/y

average rate of low
ering of the land surface

Suspended-sedim
ent

discharge
Q

s
[M

/T
]

m
etric tons/y

tons/y
average rate of suspended sedim

ent discharge from
 a drainage basin

B
edload discharge

Q
b

[M
/T

]
m

etric tons/y
tons/y

average rate of bedload discharge from
 a drainage basin

D
rainage area

A
[L

2]
km

2

m
i 2

area of drainage basin from
 w

hich sedim
ent is derived

B
edrock or soil density

ρ
b  or ρ

s
[M

/L
3]

g/cm
3

kg/m
3

m
ean density of bedrock or soil in the drainage basin

B
edrock or soil specific w

eight
γb  or γs

[F/L
3]

N
/m

3

lb/ft 3
m

ean specific w
eight of bedrock or soil in the drainage basin

L
ogic of low

ering rate calculation:

1.
C

onvert m
ass of sedim

ent discharged to volum
e of m

aterial rem
oved from

 drainage basin by dividing by either density or specific w
eight (as appropriate) of w

atershed
substrate (bedrock or soil.)

2.
D

ivide this volum
e by the drainage area to get low

ering rate, being careful to convert units properly.
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D
ata needed

a.
Q

s  and Q
b

M
ean sedim

ent discharge from
 drainage basin (preferably suspended load plus bedload, but often only suspended load data is available).  T

he erosion rate
E

 =
 (Q

s  +
 Q

b );
or

V
sed

V
olum

e of sedim
ent discharged from

 basin over som
e period of years T

 (e.g., sedim
ent trapped in a reservoir) w

hich can be converted to a m
ass of sedim

ent if

the density ρ
sed or specific w

eight γsed of the deposited sedim
ent is know

n:

M
sed  =

 V
sed  · ρ

sed   (for m
etric m

ass units -- kg or m
etric tons)   or

M
sed  =

 V
sed  · γsed   (for E

nglish force units -- lb or E
nglish tons)

T
his can be converted to the erosion rate E

 by dividing by T
, the length of tim

e in years over w
hich volum

e V
sed  w

as accum
ulated or discharged

E
 =

  M
sed

 T

b.
A

A
rea of drainage basin from

 w
hich sedim

ent w
as derived.

c.
ρ

b  or ρ
s

M
ean density of either bedrock or soil in the drainage basin (if sedim

ent discharge is in m
etric m

ass units);  or

γb  or γs
M

ean specific w
eight of either bedrock or soil in the drainage basin (if sedim

ent discharge is in E
nglish force units)

P
rocedure

1.
D

eterm
ine the unit erosion rate for the basin by dividing the sedim

ent discharge by the drainage area:    r =
  E A

  =
  (Q

s  +
 Q

b )
A

2.
T

o com
pute the low

ering rate

a.
if the sedim

ent discharge is in m
etric m

ass units (kg or m
etric tons) divide the unit erosion rate by the density  (in appropriate units) of the m

aterial  for w
hich you w

ant to
com

pute the low
ering rate:bedrock low

ering rate
L

b  =
  

r ρ
b

soil low
ering rate

L
s  =

  
r ρ
s

b.
if the sedim

ent discharge is in E
nglish force units (lb or E

nglish tons) divide the unit erosion rate by the specific w
eight (in appropriate units) of the m

aterial for w
hich you

w
ant to com

pute the low
ering rate:

bedrock low
ering rate

L
b  =

  
r γb

soil low
ering rate

L
s  =

  r γs
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E
xam

ple calculation

C
om

pute m
ean bedrock low

ering rate of E
el R

iver basin upstream
 of Scotia, C

A

G
aging site:

E
el R

iver at Scotia, C
A

D
rainage area:  A

 =
 3113 m

i 2

Suspended-sedim
ent discharge (10/57 to 9/60):   Q

s  =
 18, 200,000 tons/y  =

  36,400, 000, 000 lb/y

E
stim

ated bedrock density:   ρ
b =

 2.5  g/cm
3

B
ecause the sedim

ent discharge is in E
nglish force units (tons or pounds) w

e need the specific w
eight of the bedrock.  T

o determ
ine this w

e recognize:

1)  T
he specific gravity , G

, of a m
aterial is the ratio of its w

eight or m
ass to the w

eight or m
ass of an equal volum

e of w
ater -- i.e. it’s how

 m
any tim

es heavier (or
lighter) than w

ater the m
aterial is.

2)
T

he specific gravity of a m
aterial is num

erically equal to its density in g/cm
3.  So in this exam

ple  G
 b =

 2.5, m
eaning that the bedrock is 2.5 tim

es heavier than
w

ater.

3)
T

he specific w
eight  γb  of the bedrock can be determ

ined by m
ultiplying the specific w

eight of w
ater  ( γw

 =
 62.4 lb/ft 3) by the specific gravity of the bedrock, i.e.,

γb  = G
 b · γw

     =
  2.5  x   62.4 lb/ft 3   =

  156  lb/ft 3

a.
C

om
pute the unit sedim

ent discharge r:

r =
   18200000 tons/y

3113 m
i 2

  =
  5,846 tons/m

i 2-y

b.
C

om
pute the bedrock low

ering rate; note that w
e have to convert the tons to pounds and the square m

iles to square feet to keep units consistent w
hen w

e divide by the
specific w

eight

L
b  =

  
r γb   =

 (5846  tons/m
i 2-y) (2000 lb/ton)

 (156 lb/ft 3) (27878400 ft 2/m
i 2)   =

   0.0027 ft/yr =
  2.7  ft/ka  =

 0.8 m
/ka  =

 0.8 m
m

/y


