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Abstract
Evaluation  of  land  use-water  yield  relationships  requires  knowledge  of  baseline  or  background

hydrologic  characteristics  of  relatively  undisturbed  watersheds.  Hydrologic  data  were  collected
in  1972-1976  on  a  93.70-ha  undisturbed  forested  watershed  in  the  Eastern  Mountain  and  Coal-

field region  of  Kentucky.  During  that  period,  precipitation  averaged  136.07  cm  annually.  Total
water  yield  (runoff)  averaged  80.20  cm  or  59  percent  of  the  average  annual  precipitation.  Mean
annual  stormf low  ( quickflow )  volume  comprised  44  percent  of  the  mean  annual  runoff.  Steeply
sloping  flow  duration  curves  coupled  with  a  high  percentage  of  the  total  annual  runoff  that
occurred  as  stormflow  characterizes  the  watershed  as  having  "flashy"  hydrologic  response.

Introduction

In   recent   years,   increased   attention   has
been   devoted   to   the   quantity   and   quality
of   surface   water   that   drains   from   forested
watersheds.   The   Eastern   Mountain   and
Coalfield   Region   is   mainly   forested,   and
contains   the   primary   watersheds   for   more
than   half   of   Kentucky.   The   Kentucky,
Licking,   Big   Sandy,   and   Cumberland   rivers,
that   originate   in   the   region,   provide   water
for  industrial  and  public  use  for  the  eastern
half   of   the   state.   Several   recent   reports
(  Kentucky   Department   of   Commerce   1975,
Krieger   et   al.   1969)   show   that   approxi-

mately 96  percent  of  the  water  used  in  the
Eastern   Mountain   and   Coalfield   Region   and
79   percent   of   the   water   used   in   the   Blue-
grass  Region  is  in  the  form  of  surface  water.
With   this   demonstrated   dependency   upon
surface   water   supplies,   land   use   practices
in   the   headwater   areas   can   greatly   affect
the   quantity   and   quality   of   flow   of   that
vital   resource.

In  order  to  evaluate  the  current  status  of
land   use-water   yield   relationships,   we   need
to   know   the   baseline   or   background   values
of   water   quantity   and   quality   produced
from   relatively   undisturbed   forested   water-

sheds. Such  values  are  essential  yardsticks
in   any   evaluation   of   environmental   degra-
dation.

Forest   hydrology   studies   currently   under-

way at  the  University  of  Kentucky  Robinson
Forest   in   eastern   Kentucky   are   providing
some   of   these   much   needed   baseline   data.
Several   small   forested  watersheds  have  been
monitored   since   1971,   and   this   paper   sum-

marizes some  of  the  pertinent  hydrologic
characteristics   of   one   of   those   areas.

Methods   and   Materials

Study   Area

over   75   percent   of   the   soils   of   Robinson
Robinson   Forest   lies   40.23   km   south   of

Jackson,   Kentucky,   in   the   Eastern   Mountain
and   Coalfield   Physiographic   Province.   The
University   of   Kentucky   acquired   the   6,075-
ha   tract   in   1923   following   logging   of   the
virgin   stands;   there   has   been   no   extensive
logging   since   acquisition.   The   bedrock   is
comprised   of   alternating   layers   of   sand-

stones, siltstones,  shales,  and  coal  from  the
Pennsylvanian   Age   (Hutchins   et   al.   1976).
Some  layers  of   the  bedrock  are  more  resis-

tant to  weathering  than  others,  therefore,
the   resulting   slopes   are   dissected   by
benches.   The   deepest   soils   occur   along   the
upslope  sides  of   benches  and  in   cove  sites,
while   rock   outcrops   are   common   along
slopes   and   the   outslope   edges   of   benches.
From   a   hydrologic   viewpoint,   those   soils
are   classified   as   shallow.   The   Shelocta   and
Rigley   series,     found   on   slopes,    comprise
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Fig.  1.     Topographic  map  of  Falling  Rock  Water-
shed.

Forest   (Hutchins   et   al.   1976).   The   Gilpin
and   Steinsburg   series   are   residual   soils   on
ridgetops,   and   the   Pope   series   has   evolved
from   alluvial   material   along   the   bottoms
(Graves   et   al.   1977).

Falling   Rock   Watershed   is   a   93.7-ha   tract
selected  as  the  control   watershed  for   future
studies   (  Fig.   1  )  .   Its   orientation  is   predom-

inantly northwest,  and  the  slopes  average
44   percent.   The   main   channel   length   is
670  m  and  slopes  at   a   rate  of   54.6   m/km.
The   basin   is   oval   and   the   long   axis   runs
from   southwest   to   northeast.   The   100   per-

cent forest  cover  on  the  watershed  has  an
average  basal  area  of  20.40  m2/ha,  with  the
predominant   species   being   oaks   (Quercus
spp.),   yellow   poplar   (Liriodendron   tulipi-
fera),   hickories   (Carya   spp.),   and   maples
(Acer   spp.).   Carpenter   and   Rumsey   (1976)
published   a   complete   checklist   of   species
on   Robinson   Forest.

Measurements

Total   incoming   precipitation   was   mea-
sured with  a  weighing  type  gauge  in  a  small

clearing   near   the   stream   gauging   station
(Fig.   1).

Streamflow   was   measured   continuously
by    a    3:1    side-sloped,    broad-crested    tri-

angular weir  equipped  with  an  FW-1  water
level   recorder   (Fig.   2).   The   weir   cutoff
wall   is   tied   into   shale   on   each   side   and
across   the   bottom.   The   weir   has   a   rated
head  capacity  of  0.9  m,  equivalent  to  4,825.7
1/sec.

Data   Reduction

Precipitation   charts   were   point   picked   by
hand,   and  the  data   transferred  to   computer
cards.  Reduction  of  the  data  to  2,  5,  10,  15,
and  30-min  and  1,   2,   6,   and  24-hour  inten-

sities, for  each  event  and  daily  and  monthly
totals,   was   accomplished   by   means   of   a
previously   developed   computer   program
(Shanholtz   and   Rurford   1967).

Streamflow  charts  were  reduced  by  means
of   an   Oscar-K   chartreader   available   through
the   U.S.   Forest   Service,   Rerea,   Kentucky.
The   Oscar-K   utilizes   an   X-Y   coordinate
system,   with   time   on   the   X   axis   and   stage
on  the   Y   axis;   the   chartreader   is   interfaced
with  a  keypunch  so  that  values  are  punched
directly  into  cards.  The  cards  were  processed
into   streamflow   information   using   the
Coweeta   streamflow   program   described   by
Hibbert   and   Cunningham   (  1967  )  .   The   out-

put of  the  program  includes  ( 1 )  mean  daily
flow   in   Ism   (liters   per   second   per   square
mile),   with   monthly   and   annual   summaries;
(2)   flow   frequency   by   minutes;   (3)   storm-
flow   information;   and   (4)   stormflow   sum-

mary by  months,  seasons,  and  years.

Results   and   Discussion

Precipitation

The   precipitation   pattern   is   typical   for
this  area  of  the  United  States;  low  intensity,
long   duration   rainstorms   predominate   dur-

ing winter,  and  high  intensity,  convectional
storms   occur   in   summer.   Snow   is   an   insig-

nificant form  of  precipitation  and  no  attempt
has   been   made   to   determine   its   relative
contribution   (percentage   of   total).   Mean
annual   precipitation   for   1972-1976   was
136.07   cm;   the   driest   year   was   1976   when
117.85   cm   fell   and   the   wettest   was   1974
when   156.99   cm   fell.   The   amounts   and
distribution  of   the  monthly   and  annual   pre-
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Fig.  2.     V-notch  weir  used  for  measurement  of  streamflow.

cipitation   for   the   study   period   (Table   1)   Streamflow
indicate   that   March   receives    the   highest   Monthly   and   annual   streamflow   for   1972-
mean   monthly   precipitation   of   17.19   cm   and   1976   are   shown   in   Table   2.     Mean   annual
August   is   the   lowest,   receiving   6.80   cm.   streamflow   was   80.20   cm,   59   percent   of   the

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Annual

20.70
18.08
10.29
21.64

7.70
7.75
8.89
0.89

11.43
7.62

10.46
17.02

142.47

4.11
7.32

13.46
12.95
14.66
5.44

15.57
3.76
5.59
9.14

17.58
10.80

120.38

22.23
4.83

17.86
11.99
14.61
24.89

7.24
13.72
9.78
4.95

11.43
13.46

156.99

9.17
9.09

28.02
9.25

17.65
9.25
4.14
7.87

17.02
12.01
10.13
9.07

142.67

9.32
8.64

16.33
1.07
6.83

16.51
12.34
7.75

13.46
15.19
2.79
7.62

117.85

13.13
9.59

17.19
11.38
12.29
12.77
9.64
6.80

11.46
9.78

10.48
11.59

136.07
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Table   2.  —  Monthly,   annual,   and   mean   streamflow   (cm),   Falling   Rock   Watershed,   1972-1976

average   annual   precipitation,   an   exception-
ally high  value!  The  highest  annual  yield

was  in  1972  with  103.08  cm  and  the  lowest
yield   was  the  following  year   with  51.96  cm.

The  mean  monthly  data  in  Fig.   3  indicate
the   temporal   distribution   of   the   mean   an-

nual  flow.   On  the   average,   the   first   4
months  of  the  year  accounted  for  64  percent
of   the   annual   runoff.   If   May   and   June   are
included,   those   6   months   produced   75   per-

cent of  the  annual  runoff.  That  period  cor-
responds   with    the    dormant   vegetational
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Fig.  3.     Relationship  between  mean  monthly  precipitation,  runoff,  and  quickflow  for  Falling  Rock  Water-
shed, 1972-1976.
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Fig.  4.     Composite  flow  duration  relationship  for
Falling  Rock  Watershed,  1972-1976.

season  and  is  characterized  by  full  soil  mois-
ture recharge.  Reinhart  et  al.  ( 1963 )  found

a   similar   relationship   at   the   Fernow   Experi-
mental Forest  in  West  Virginia.  The  rela-

tively shallow  soils  do  not  have  a  large
water   storage   capacity,   and   recharge   occurs
quickly.   Such   a   lack   of   a   large   soil   water
storage   reservoir   produces   "flashy"   runoff
conditions   on   those   watersheds,   and   little
or   no   storage  dictates   that   baseflow  cannot
be   sustained   during   prolonged   dry   periods,
and  the  streams  do  not  flow  for  brief  periods
during   the   year.   Low   flows   occur   primarily
in  July  and  August,   periods  of  low  precipita-

tion and  high  evapotranspiration  demand.
For   11   days   in   late   August   and   early   Sep-

tember 1975  there  was  no  streamflow.

Percent  of  time  flow  equaled  or  eiceeded

Fig.  5.     Flow  duration  relationship  for  wet  year
1974.

Flow   Duration

Flow   duration   curves   (Figs.   4-6)   are
presented   to   indicate   the   distribution   of
flows   and   further   substantiate   the   "flashy"
characterization   of   the   watershed.   Fig.   4
represents   the   total   1972-1976   period   when
mean   discharge   was   7.00   1/sec.   Fig.   5   rep-

resents 1974,  characterized  as  a  wet  year,
and   it   is   obvious   from   the   curve   that   flow
was  not  less  than  0.60  1/sec  for  any  signifi-

cant percentage  of  time  during  the  year.
Also,  mean  flow  for  that  year  was  8.20  1/sec,
considerably   above   the   composite   mean   of
7.00  1/sec.  Fig.  6  represents  1976,  a  dry  year
when   mean   discharge   was   5.20   1/sec,   and
during   that   year   discharge   exceeded   10.20
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Fig.   6.     Flow  duration  relationship  for  dry  year
1976.

1/sec  only  36  percent  of  the  time,  while  the
average  for  that  interval   was  43  percent.

Morisawa   (1968)   indicated   that   flow
duration   curves   allow   characterization   of
runoff   from   watersheds.   Those   watersheds
with   large   storage   capacity   will   exhibit   flat
flow   duration   curves,   whereas   watersheds
with  little  or  no  storage  have  steeply  sloped
curves.   The   curves   from   Falling   Rock
Watershed   have   steep   slopes,   further   evi-

dence of  lack  of  moisture  storage  within
the   soils   of   Robinson   Forest.

Stormflows

Stormflow   or   direct   runoff   from   forested
watersheds   consists   almost   entirely   of   sub-

surface flow,  while  overland  flow  or  surface
runoff   is   virtually   nonexistent.   Hewlett   and

Jar.        Feb     Ware.     April     May       Jim      July       »»|       Sept       Oct       Hoi       D«e

Fig.  7.    Relationship  between  mean  monthly  stream-
flow  and  quickflow  for  Falling  Rock  Watershed,

1972-1976.

Hibbert   (1967),   recognizing   the   processes
that   operate   in   forested   watersheds,   clas-

sified storm  hydrograph  volumes  as  quick-
flow   and   delayed   flow.   Quickflow   is   dis-

tinguished from  delayed  flow  by  a  line  with
a  slope  of  0.55  l/sec,  km2/hr  projected  from
the  rising  limb  to  falling  limb  of  the  hydro-
graph.   That   method   was   used   to   analyze
hydrographs   from   Falling   Rock   Watershed.
The   resultant   monthly   and   annual   quick-
flow  volumes  are  presented  in   Table  3.   The
largest   quickflow   volumes   usually   occur
during  months  of  soil  moisture  recharge  and
little   or   no   evapotranspiration.   However,
June  1974   had  an   abnormally   high  value   of
8.97   cm   that   resulted   from   above   average
precipitation   during   March-June   1974.   In
Fig.   7,   that   presents   monthly   mean   stream-
flow   and   quickflow   for   the   study   period,
July  is   the  only  month  where  quickflow  was
less   than   30   percent   of   the   mean   monthly
flow.   During   the   study,   quickflow   averaged
44   percent   of   the   mean   annual   runoff.
Hewlett   and   Hibbert   (1967),   surveying
forested   watersheds   in   the   eastern   and
southeastern   United   States,   found   only   1
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Table  3. — Monthly,  annual,  and  mean  quickflow  volumes  (cm),  Falling  Rock  Watershed,  1972-
1976

forested   watershed   with   a   quickflow   re-
sponse as  high  as  Falling  Rock  Watershed.

That   watershed,   at   Union,   South   Carolina,
has  an  85  percent  forest  cover.

There   have   not   been   enough   years   of
data   collection   to   determine   any   return
periods   on   peakflows.   The   data   presented
in   Table   4   represent   the   highest   yearly
peaks   obtained   during   this   study.   It   should
be   noticed   that   1973,   categorized   as   a   dry
year,   had   the   lowest   peak   value.

Summary

Precipitation   and   streamflow   data   were
collected   over   a   5-year   period   on   a   small
undisturbed   forested   watershed   in   the
Eastern   Mountain   and   Coalfield   Region   of
Kentucky.   Hydrologic   characteristics   were
determined   from   the   data   pool.   Such   base-

line hydrologic  information  is  lacking  for

the   region.   Precipitation   averaged   136.07
cm   for   the   period.   Total   streamflow   and
quickflow   volumes   were   closely   related,
with   most   of   the   annual   volume   produced
during   the   dormant   season.   Mean   annual
streamflow  of   80.20   cm  represented  59   per-

cent of  the  mean  annual  precipitation,  and
quickflow   accounted   for   44   percent   of   the
total   runoff.   Quickflow   volumes   coupled
with   steeply   sloping   flow   duration   curves
categorize   the   watershed   as   flashy,   from   a
hydrologic   viewpoint.

The   potential   of   the   region   as   a   lumber
and  energy   producer   is   enormous,   but   it   is
important   that   those   resources   be   obtained
without   destroying   watershed   values.   To
better   understand   such   watersheds,   experi-

ments must  be  conducted  to  evaluate  treat-
ment effects  on  the  water  resource  at  Robin-

son Forest.

Table   4.  — Yearly   maximum  rate   of   flow   (l/
sec),   Falling   Rock   Watershed.   1972-1976

Date Flow  rate

12  Apr  1972
26  Nov  1973
22  Jun  1974
25  Apr  1975
21  Mar  1976

3,375
1,195
3,060
1,818
2,999
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