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ABSTRACT 

Water resources data are often unavailable for  small watersheds in the 

Southeast, yet accurate estimates of the magnitude of discharge events are 

needed for  engineering design and floodplain delineation. A regionalized 

streamflow estimation technique was developed for  North Carolina and Virginia 

for  estimating the two, ten and twenty-five year return interval peak flows. 

Separate equations were generated for the Mountain, Piedmont, Coastal Plain 

regions and for  urbanized watersheds. Comparison with previous techniques 

used in North Carolina indicated that  the new equations produce more accurate 

peak discharge estimates in most instances. 
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

The need for improved estimates of peak discharges for  small watersheds 

i s  well established, The problem i s  most acute in basins affected by urban 

development where discharge data are  needed for  designing stormwater drainage, 

detention ponds, channel improvements and other engineering applications. 

The potential users of peak discharge data seldom have the expertise,  

time, or money to employ sophisticated modes. Regression equations provide an 
L 

acceptable compromise between the more accurate, b u t  harder to  use, process- 

response models and the simpler, b u t  very inaccurate deterministic equations 

tha t  are  s t i l l  widely used. 

Several investigators have developed regression equations for  predicting 

small basin stream discharges in North Carolina (Hinson, 1965; Jackson, 1976; 

and, Putnam, 1972). Jackson's and Hinson' s  equations are  appl icabl e ,  essent ia l ly ,  

only to  basins that have not been subjected to  radical modifications such as 

channelization, regulation or urbanization. Putnam's study, though confined 

t o  urbanizing or urbanized basins, produced equations that  appear t o  give 

unsatisfactory resul ts  when tested against urban basins with gaging records of 

10 years or longer ( the average error  exceeded 50 percent). 

In th i s  study we sought to  produce improved regression equations by con- 

fining the study t o  small watersheds, expanding the sample s ize by using stream 

basins outside North Carolina, using longer data records (due to  the time 

elapsed since Jackson's study),  incorporating more variables which influence 

peak discharge, and controling for some of the variance i n  the data se t  by 

creating more homogeneous regions through the use of multivariate techniques. 

Regionalization schemes employing basin a t t r ibutes  produced no better 

equations than grouping by physiographic provinces. Grouping of basins using 

discharge character is t ics  yielded equations with very low standard errors of 
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estimates, b u t  the basins in each group possessed no d i s t inc t  a t t r ibutes  which 

could be identified with the groups so that  ungaged basins could be assigned 

to groups. 

The f ina l  equations for  two, ten and twenty-five year returns were based 

on four groups--one for each of the three physiographic provinces, mountain, 

piedmont, and coastal plain,  and one fo r  basins which were substantially urban- 

ized. These equations employ only s ize  and a lag coefficient as dependent 

variables. None of the other climatic, land use, or geomorphic variables 

proved to be useful in predicting discharge, probably because they were con- 

t rol led to some extent by the regional groupings. Prediction errors were cal-  

culated for  each basin fo r  each return interval.  These were compared to  the 

prediction errors using U.S.G.S. equations (Jackson's equations for non-urban 

basins and Putnam's equation fo r  urban basins). 

Equations developed for  urban basins were the most accurate, overal l ,  and 

the resu l t s  (Table 111) were clearly superior to  resul ts  using Putnam's equa- 

tion. Our  equations produced an average percentage error less  than t h i r t y  

percent for  a l l  recurrence intervals compared t o  an average error  ranging from 

56 percent to  over 100 percent for  the Putnam equation. In addition, there 

were fewer large errors of overprediction. 

For rural basins the resu l t s  were mixed. Estimates of peak discharges 

were improved, in most cases, over those using Jackson's equations. However, 

the U.S.G.S. equations gave s l ight ly  bet ter  resu l t s  fo r  the twenty-five year 

return interval flows for  the mountain regions and fo r  the ten and twenty-five 

year discharges in the piedmont. Even in these cases, however, there was a 

bet ter  balance between numbers of s ta t ions in each group tha t  were over- 

predicted and under-predicted compared to  the U.S.G.S. equations. This implies 

tha t  the U.S.G.S. equations, which were developed from a much broader range of 
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watershed s izes ,  may be somewhat biased when used on small watersheds. 

The equations produced by t h i s  study seem to be logically consistent in 

that  successively larger peak discharges are  predicted fo r  successively larger 

basins and successively higher return intervals .  Furthermore, i f  return in- 

te rva l ,  basin s ize ,  and lag are  held constant urban basins produce the largest  

discharges, followed by mountain, piedmont, and coastal plain. The lag ef fec t  

i s  negative, except for  the mountain basins. This i s  contradictory to  the 

prevailing notion of lag ef fec t .  There i s  reason to believe, nevertheless, 

that  the effect  may be real and may be a product of the dramatic reduction in 

the time of concentration of overland flow in small, steep mountain basins. 

Further research using detailed process-response models i s  needed to  c l a r i fy  

th i s  issue. 

I t  i s  recommended that  individuals who need two, ten,  or twenty-five year 

return interval discharge estimates for  small, ungaged watersheds use the pro- 

cedures presented in th i s  report. The only measures required are  drainage 

basin s ize ,  main stream length and average main stream slope between points 

10 percent and eighty-five percent upslope from the point where the discharge 

estimate i s  required, Detailed procedures for  calculating the lag variable 

and for  using the equation are  given on pages 15 and 16. Nomographs are 

provided (Figures 6 ,  7 and 8)  for  those who prefer a graphical solution. 
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I n t r o d u c t i  on 

Water resource  da ta  a r e  o f t e n  u n a v a i l a b l e  f o r  smal l  watersheds, y e t  

accura te  es t imates  o f  t h e  magnitude of d ischarge  events a r e  needed f o r  eng i -  

nee r i ng  des ign  and f l o o d p l a i n  d e l i n e a t i o n  ( L i c h t y  and L i  scum, 1978).  The 

d e f i c i e n c y  o f  s t reamf low da ta  f o r  smal l  ungaged watersheds i s  p a r t i c u l a r l y  

severe i n  t he  Southeast, where r a p i d  development of r u r a l  areas and urban 

expansion demands adequate s t reamf low da ta  f o r  p l ann ing  purposes. To compound 

t h e  problem t h i s  development i s  o c c u r r i n g  i n  a  r e g i o n  cha rac te r i zed  by smal l  

communities which have n e i t h e r  t h e  computer hardware, q u a l i f i e d  personnel no r  

funds t o  make use o f  s o p h i s t i c a t e d  s i m u l a t i o n  methods. These p o t e n t i a l  users  

need a technique which a c c u r a t e l y  es t imates  s p e c i f i c  d ischarge  events  f o r  

smal l ,  ungaged watersheds and which i s  s imple and inexpens ive  t o  implement. 

The model should be f l e x i b l e  enough t o  work w i t h  equal accuracy i n  t h e  range 

of phys i ca l  c o n d i t i o n s  encountered f rom mountains t o  coas ta l  p l a i n  and f o r  

urban and r u r a l  areas. 

St reamf l  ow s i m u l a t i o n  techniques va ry  cons ide rab l y  i n  da ta  requi rements,  

d e s i r e d  ou tpu ts ,  geographica l  focus,  necessary e x p e r t i s e  and c o s t .  Models 

such as t h e  U,S, Army Corps o f  Engineers Streamflow Syn thes is  (SSARR) and t h e  

S tan fo rd  Watershed Model Se r i es  r e f 1  e c t  g r e a t  techno1 o g i c a l  s o p h i s t i c a t i o n  i n  

reproducing watershed processes (Fleming, 1975). However, t he  very  s o p h i s t i -  

c a t i o n  which enables these models t o  s imu la te  d ra inage  bas in  responses t o  p a r t i -  

c u l a r  events i s  a l s o  t h e i r  main weakness, The i ns t rumen ta t i on ,  e x p e r t i s e ,  

t ime  and c o s t  requi rements i n h i b i t  t h e  genera l  use fu lness  t o  many l o c a l  govern- 

ments and p r i v a t e  concerns who o f t en  have immediate need f o r  s p e c i f i c ,  y e t  

i nexpens i ve l y  ob ta ined  d i  scharge data.  

Other so -ca l l ed  "qu i ck  and d i r t y "  techniques a r e  o f t en  used b u t  t h e  1 arge 

i n h e r e n t  e r r o r s  make them u n s u i t a b l e  f o r  many des ign  purposes. The Ra t i ona l  



Formula, for  example, i s  restr ic ted to  very small watersheds and despite i t s  

reputation as a conservative approach, i t  consistently underestimates peak 

discharges in some areas (Dunne and Leopold, 1978). 

Another s e t  of streamflow estimation techniques 1 ies  somewhere between 

the highly sophisticated deterministic models and the "quick and dir ty"  methods. 

This third group u t i l i zes  regression analysis t o  mathematically define the 

r e l a t i  onshi ps between geomorphic, cl  imati c and land use vari abl es and discharge 

data to  yield a s t a t i s t i c a l l y  based estimate of a particular discharge event. 

Horton (1 945) conceived of the f easi bi 1 i ty  of using geomorphi c parameters to  

estimate discharge of ungaged watersheds and did much t o  identify important 

variables. I n i t i a l l y ,  basin area was found to be a relat ively good surrogate 

for  mean annual discharge (Hack, 1957), and i t  i s  re1 ied upon as the sole 

parameter in some model s (Jackson, 1976). 

Regression has persisted as the dominant analytical tool since the f i r s t  

attempts to  u t i l i z e  the relation between streamflow and geomorphic and climatic 

parameters (Benson , 1959; Carl ston, 1963; Wong , 1973; Thomas and Benson, 1970; 

de Coursey, 1972; Reynolds, 1972; Graf, 1975; Guevera, 1975; Ozga-Ziel inski , 

1975; Miller and Newson, 1975; Osborn, 1974; Osborn, 1975; Bevens and Kirby, 

1979; Wong, 1979). The vast majority of these models have focused on refining 

and combining variables fo r  efficiency, while few have contributed to  the re- 

f i  nement of the regression technique i t s e l f .  Wong ( 1  963) and others (Haan, 

1972; She1 ton and Sewel 1 , 1969; Wong, 1979) have used principal components 

analysis to  reduce the numbers of variables while retaining most of the explan- 

atory power of the s e t ,  

Error in regression analysis i s  due to  several factors including sampling 

variance, f a i lu re  t o  include a l l  pertinent variables, measurement e r rors ,  and 

improper specification of the model form. As a general ru le ,  the more variable 

the environments from which samples are drawn the larger the errors  of predic- 
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t i o n .  Bu t  through t h e  use o f  p r i n c i p a l  components a n a l y s i s  w i t h  g roup ing  

a n a l y s i s  (decoursey, 1972; Gustafson, 1973) o r  mapping o f  r eg ress ion  r e s i d u a l  s 

(Jackson, 1976; M i l l e r  and Newson, 1975; Newson, 1978) t h i s  v a r i a b i l i t y  can 

be s i g n i f i c a n t l y  reduced (decoursey , 1972). 

Prev ious Work i n  No r th  Ca ro l i na  

Several  f l o o d  f l o w  f requency techniques have been developed f o r  No r th  

Ca ro l i na  i n  t h e  pas t  twenty  years .  Speer and Gamble (1964, 1965) developed 

procedures f o r  e s t i m a t i n g  f l o o d  magnitudes f o r  1 arge streams ( g r e a t e r  than  

2 150 m i .  ). T h e i r  e f f o r t s  were f o l l o w e d  by Hinson (Hinson, 1965) who used t h e  

network o f  crest -gage s t a t i o n s  es tab l i shed  i n  1952 t o  d e f i n e  f l o o d  f requenc ies  

f o r  sma l l e r  bas ins ( l e s s  than  150 mi.'). Putnam (1972) examined t he  e f f e c t  o f  

u r b a n i z a t i o n  on f l o o d  f requencies and magnitudes i n  t h e  piedmont. 

Though these s t u d i e s  encompassed a broad range o f  b a s i n  s i zes  and u rban ized  

areas none o f  them produced v e r y  accura te  r e s u l t s  across t h e  f u l l  range o f  

phys iograph ic  and c l i m a t i c  v a r i a t i o n s  r e p r e s e n t a t i v e  o f  No r th  Ca ro l i na  

streams. Jackson, however, found th rough mapping r e s i d u a l s  f rom a genera l  

mu1 t i p l e  r eg ress ion  equat ion  t h a t  two hyd ro log i c  zones cou ld  be d e l i n e a t e d  i n  

No r th  Ca ro l i na .  The piedmont and mountain reg ions  were combined i n t o  one w h i l e  

t he  coas ta l  p l a i n  formed t h e  o the r .  

The use o f  Jackson 's  r e g i o n a l  model i s  r e s t r i c t e d  by severa l  c o n s t r a i n t s .  

Streams must n o t  be a f fec ted  by r e g u l a t i o n ,  t i d e s ,  u r b a n i z a t i o n  o r  channel i m -  

provement ( c h a n n e l i z a t i o n ) .  But  these l a s t  two f a c t o r s  d i  squal i f y  many streams 

f o r  which f l o o d  f requency da ta  i s  most needed. 

Consider ing these c o n s t r a i n t s  coupled w i t h  t h e  e f f o r t s  o f  p rev ious  r e -  

search (decoursey, 1972; Gustafson, 1973) i t  was f e l t  t h a t  an improved r e g i o n a l  

model cou ld  be developed. V i r g i n i a  s t a t i o n s  were i nc l uded  t o  i nc rease  sample 

- s i ze .  E r r o r s  r e s u l t i n g  f rom a l a r g e  var iance  w i t h i n  the  sample should be 
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reduced by grouping basins based on geomorphic and hydrologic character is t ics .  

Further reduction i n  error  may be attained through increasing the number of 

predictor variables. Simul taneously , the need t o  provide data for  small ungaged 

watersheds through the range of urban and rural areas could be f u l f i l l e d .  

Data and Method 

Historic records of streamflows a t  gaged streams provide the foundation 

on which s t a t i s t i c a l  treatment of specif ic  flows and predictor variables i s  

based. The in tegr i ty  of the magnitude-frequency relationship produced from 

his tor ic  records i s  par t ia l ly  dependent on the length of record a t  the gaging 

s ta t ion .  A minimum of ten years of record i s  recommended by the U.S. Water 

Resources Council to  develop suff ic ient ly  accurate magnitude-frequency estimates 

using the log-Pearson Type I11 method (U. S. Water Resources Council , 1976). 

Extrapolating a1 ong frequency curves synthesized from short  term records t o  

predict extreme return interval events (greater than 50 years) can r e su l t  in  

large errors .  However, Moss (1  979) has i 11 ustrated that  extrapol ating to  

medium return interval events (25 year) can be achieved i f  a suf f ic ien t  number 

of s ta t ions i s  ut i l ized.  Although tasks such as  floodplain mapping require 

one hundred year return interval data,  there may be a greater need a t  the 

local level for  more frequent return interval discharges which are  necessary 

in designing storm drainage and stormwater detention f a c i l i t i e s  (Linsley and 

Franzini , 1979). Consequently, t o  supply useful recurrence interval discharges, 

b u t  maximize the number of s ta t ions included in the study, while ensuring 

adequate estimates from the magnitude frequency curves, the two, ten and 

twenty-five year flood were chosen as the focus of th i s  study. 

Watershed Characteristics Re1 ated to  Discharge 

Numerous researchers have noted a relationship between streamflow and 

watershed character is t ics  (Horton, 1945; Benson, 1959; Carl ston, 1963; Wong , 
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1963; Thomas and Benson, 1970; de Coursey, 1972; Reynolds, 1972; Graf ,  1975; 

Guevera, 1975; Ozga-Zie l inska,  1975; M i l l e r  and Newson, 1975; Osborn, 1974; 

Osborn, 1975; Bevens and K i rkby ,  1979; Wong, 1979). T h e i r  e f f o r t s  have served 

t o  i s o l a t e  those v a r i a b l e s  which most i n f l u e n c e  t h e  hydro logy o f  a watershed. 

I n i t i a l l y ,  bas in  area was found t o  be a r e l a t i v e l y  good sur roga te  f o r  mean 

annual d ischarge  (Hack, 1957). Benson (1959),  u t i l i z i n g  mu1 t i p l e  regress ion ,  

determined t h a t  area and v a l l e y  s lope  combined produced s i g n i f i c a n t l y  more 

e f f e c t i v e  es t imates  than  area used alone. T r a i n e r  (1969) de f ined  a c l ose  r e -  

l a t i o n s h i p  between d ra inage  d e n s i t y  ( t h e  t o t a l  s t ream's  l e n g t h  d i v i d e d  by 

catchment area)  and low f l o w s  a long  t h e  Potomac R i ve r .  Others have remarked 

on t h e  importance o f  dra inage d e n s i t y  i n  c h a r a c t e r i z i n g  streamflow (Hor ton,  

1945; Schumm, 1956; Ca r l s t on ,  1963; Pa t ton  and Baker, 1976; Gard iner ,  1979). 

Many a d d i t i o n a l  morphometric and 1 and use v a r i a b l e s  have been inspec ted  (Wong , 

1963; Jackson, 1976; Thomas and Benson, 1970) b u t  t h e  f i n a l  l i s t  of most 

e f f e c t i v e  v a r i a b l e s  remains smal l .  These a r e  enumerated i n  Table I. 

The t h r e e  l and  use v a r i a b l e s  (Table I )  were measured f rom the  Land use 

and Land Cover Se r i es  produced by the  U.S. Geo log ica l  Survey. Th i s  se r i es ,  

based on da ta  f rom h i g h  a l t i t u d e  a e r i a l  photography and LANDSAT imagery, was 

found t o  p resen t  t he  bes t ,  most e a s i l y  acqu i red  source f o r  c u r r e n t  l a n d  use 

and l and  cover  i n fo rma t i on .  

Because many morphometr ic c h a r a c t e r i  s t i c s  a r e  somewhat a f f e c t e d  by 

map sca le  (Gard iner  and Parks, 1978) a c o n s i s t e n t  sca le  i s  r e q u i r e d  f o r  

da ta  c o l l e c t i o n .  Morisawa (1962) noted t h a t  t he  1:24,000 sca le  U.S. Geolog i -  

c a l  Survey topograph ic  s e r i e s  served as w e l l  as a e r i a l  photographs t o  d e p i c t  

stream channels i n  Kentucky. Thus t h e  7.5 minu te  s e r i e s  was se lec ted  as t h e  

base f rom which a l l  t h e  morphometr ic v a r i a b l e s  were synthes ized.  



Table I 

Watershed Character is t ics  

CHARACTERISTIC 

1. Watershed s i z e  

- .  

2. Channel slope 

3 .  Lag time ( k )  

- 
4. Elongation r a t i o  

5. Precipi ta t ion 

MEASURE SOURCE 

K = 
Mainstream Length 

'\/channel s l  ope 

Area 

10% - 85% slope 
a1 ong mainstream 

Area of Basin 
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& 10 y r . ,  24 hour p rec ip i t a t ion  Technical Paper 40 

Land Use and Land cover'  

1.  Agricultural Land and Forest Cover 

2. Urban Land 

3 ,  Water and Wet1 and Component (Storage) 
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When the U.S. Geological Survey water data system ( N A W D E X )  was accessed 

to determine the number of streams in Virginia and North Carolina with the 

designated s ize range1 one hundred and forty-five watersheds were identified . 
However, the selection of the 1:24,000 ser ies  topographic map posed a res t r ic -  

tion on the available streamflow stations since not a l l  of North Carolina has 

been mapped a t  the 1:24,000 scale,  Furthermore, when the data were inspected, 

some stat ions were found t o  be subject t o  flow regulation in twenty-five percent 

of the basin and were discarded. Other watersheds located in areas exhibiting 

karst  topography were rejected. Inspection of the streamflow records revealed 

constant or near constant discharges fo r  multiple years a t  some stat ions.  

These were removed from the sample on the assumption that  they were subject to 

flow regulation or that  serious errors existed. The f inal  sample of basins 

thus held 95 cases. 

Attempts to  Improve Predictive Equations 

The two main sources of error  in regression models are  model error and 

sampling error.  Model errors include those due to  incomplete or  incorrect 

specification of the model, and measurement errors  in the independent variables. 

Sampling errors are associated with spatial  and temporal sampling problems 

(Moss, 1979). Small samples may not be representative of the population of 

watersheds for  which discharge estimates are desired, even i f  the sample i s  

considered random. The shorter the flow records the less  accurate are the 

parameter estimates derived from them which are needed to f i t  the frequency 

distribution from which return interval discharges are  estimated. 

Unfortunately, l i t t l e  can be done about sampling errors  since the number 

' ~ e e d i n ~  Ward's (Ward, 1971 ) suggestion that  a twenty-five square mile 
upper l imit  s e t  a range of s izes  wherein data may be easi ly  collected and 
analyzed with reasonable accuracy, a twenty-fi ve square mile upper 1 imi t and 
one square mile lower l imit  was adopted for  t h i s  study. 



of gaged s t a t e s  and the i r  periods of record are  limited. There are some options, 

however, for  reducing model error.  The most common approaches involve the use 

of a l ternat ive mathematical forms, the inclusion of additional variables and 

more accurate measurement of independent variables. Other studies have shown 

that  curvilinear models employing log variables can reduce error.  However, 

the improvement i s  only on the order of three or four percent. This did not 

seem to be suf f ic ien t  t o  warrant the use of these more complex models. B u t  

increasing the number of variables reduces the degrees of freedom for  the 

equation, and i f  the ra t io  of variables to  cases i s  low, may produce more 

inaccurate estimates. And the collection of additional variables increases 

the time and expense of data collection. 

An a l ternat ive approach to increasing the number of variables in the 

equation i s  to  control for  some of the variables by grouping basins with 

similar topography, vegetation, ra infa l l  or other basin a t t r ibutes  tha t  in- 

fluence peak discharges. Grouping reduces the error  variance by res t r ic t ing  

the range of the independent variables within each group. 

Several methods ex is t  which may accomplish t h i s  regionalization b u t  the 

use of principal components analysis in conjunction with a clustering algorithm 

has been shown to  be very effective in grouping similar basins based on the i r  

physical and cl  imati c a t t r ibutes  (decoursey, 1975; Gustafson, 1973). Homogenous 

regions are  produced by inputting a se t  of physical and climatic parameters 

which adequately describe those facets of a watershed which influence i t s  

hydro1 ogy. These variables are standardized, correlated and grouped into 

components. One output i s  a standardized factor  score which can be interpreted 

as a measure of the influence of each component in describing a watershed. 

Thus a large se t  of descriptors i s  combined and reduced to  a few effect ive b u t  

uncorrelated variables. These factor scores are  then used as input to  a 
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clustering algorithm which groups an observation's  a t t r i bu t e s .  Factor scores 

a r e  input ra ther  than the  raw measures because c lu s t e r  analysis  requires both 

standardized and uncorrelated variables t o  a f fec t ive ly  group observations 

(Gustafson, 1973). 

The basin charac te r i s t i cs  in Table I were factored,  and c lus ter ing was 

used t o  group the basins in to  r e l a t i ve ly  homogenous s t a t i s t i c a l  regions. Their 

locations were mapped, and the groups were analyzed to  determine whether a 

geographical pattern exis ted.  However, no de f in i t e  regions could be del ineated,  

though a general trend based on slope and urbanization was evident. Nor could 

a r e l i ab l e  system be devised t o  a l loca te  watersheds t o  a par t i cu la r  group on 

an a p r io r i  basis. 

Consequently, i t  was f e l t  t ha t  another approach u t i l i z i ng  cha rac t e r i s t i c s  

of the  peak discharges themselves might y ie ld  c lea re r  r e su l t s .  And in t h i s  way 

cer ta in  p i t f a l l s  encountered in dealing w i t h  hydrologic-topographic re la t ion-  

ships where topography may be a product of pr ior  geologic, t ec ton ic  o r  clima- 

t i c  conditions could be avoided. 

Four flow parameters were chosen t o  character ize  the  watersheds ' hydro- 

logy. These a r e  the coef f ic ien t  of var ia t ion and the  Z-score of the  ten year 

f lood,  both selected to  represent the dispersion of the  da ta ,  the mean dis-  

charge per uni t  a rea ,  and the  ten year un i t  discharge. The mean un i t  discharge 

and ten year u n i t  discharge were computed t o  describe i n t e r s t a t i on  var ia t ions  

i n  the  magnitude of the  flows. 

When these data were subjected t o  principal components analysis  and the  

c lus ter ing algorithm four groups emerged. However, even though they were 

studied in combination w i t h  the  topographic charac te r i s t i cs  no dependable 

technique was found to  determine the  group membership of an independent sample. 

As w i t h  the  watershed cha rac t e r i s t i c  groups, the grouping scheme had t o  be 

i 
abandoned. 



r e t u r n  

e f f e c t  

a  s i n g  

s o l e l y  

Nonetheless, t h e  t h r e e  phys iograph ic  p rov inces ,  t h e  mountains, piedmont 

and coas ta l  p l a i n  were i d e n t i f i a b l e  as separate e n t i t i e s  when l a g  was p l o t t e d  

aga ins t  b a s i n  a rea  (F igures  1 -4 ) .  Others ( L i n s l e y ,  Koh le r  and Paul hus , 1958) 

have noted s im i  1  a r  r e 1  a t i o n s h i  ps between bas in  l a g  and 1  oca t i on .  S i m i l a r l y ,  

t h e  u rban ized  bas ins  appeared c o n s i s t e n t l y  as a  d i s t i n c t  group. Consequently, 

t h e  sample s t a t i o n s  were regrouped by phys iograph ic  p rov ince ,  and those water-  

sheds e x h i b i t i n g  a  1  arge percentage ( g r e a t e r  than  70%) o f  u rban ized  l a n d  were 

a1 l o c a t e d  t o  a  separate group. 

- 

Resu l ts  

Regression equat ions (Table 11) were c a l c u l a t e d  f o r  each group u s i n g  t h e  

two, t e n  and twen ty - f i ve  year  r e t u r n  i n t e r v a l  peak d ischarges  as dependent 

v a r i a b l e s  and bas in  area and 1  ag c o e f f i c i e n t s  as independent o r  p r e d i c t o r  

v a r i a b l e s .  Examinat ion of t h e  equat ions produced severa l  i n t e r e s t i n g  observa- 

t i o n s .  P r e d i c t a b l y ,  t h e  i n f l u e n c e  o f  area i s  p o s i t i v e  on t h e  equat ions .  But,  

u n l  i ke i n  o t h e r  s t u d i e s  (Jackson, 1976) t h e  reg ress ion  c o e f f i c i e n t  assoc ia ted  

w i t h  area inc reases  w i t h  i n c r e a s i n g  r e t u r n  i n t e r v a l  when t h e  l a g  c o e f f i c i e n t  

i s  negat ive.  T h i s  phenomenon i s  a  p roduc t  of  t h e  i nc reas ing  nega t i ve  i n f l u e n c e  

o f  l a g  on t he  h i ghe r  r e t u r n  i n t e r v a l  events .  I n  t h e  mountain reg ion ,  where 

t he  l a g  c o e f f i c i e n t s  a r e  p o s i t i v e ,  t h e  c o e f f i c i e n t s  f o r  area p resen t  a  more 

convent iona l  decreas ing t rend .  

Where t h e  e f f e c t s  o f  area on t he  equat ions can be e a s i l y  exp la ined ,  l a g  

p resen ts  a  more complex s i t u a t i o n .  The l a g  c o e f f i c i e n t  i s  a  measure o f  r e s i -  

dence t ime. And though one o f  t he  p r ima ry  e f f ec t s  o f  u r b a n i z a t i o n  on smal 1  

o f  s torm r u n o f f ,  t h i s  

t he  urban watersheds t o  

index o f  l a n d  use change, 

c o e f f i c i e n t  i s  a  func-  

i n t e r v a l  events  i s  t o  modify t h e  res idence  t ime  

o f  u r b a n i z a t i o n  i s  c o n t r o l l e d  f o r  by a l l o c a t i n g  

l e  group. Therefore,  l a g ,  r a t h e r  than  be ing  an 

r e f l e c t s  t h e  b a s i n ' s  topography. Since t h e  l a g  
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Table  I 1  
Regress ion Equat ions  and S tandard  E r r o r s  o f  E s t i m a t e  

COASTAL PLAIN REGION 

l o g  Q2 = 1.781 + .643 l o g  AREA - .084 l o g  K 

s t a n d a r d  e r r o r  of e s t i m a t e  = ,23738 
o v e r e s t i m a t i o n  = 72% underes t imat ion  = 42% a v e r a g e  = 57% 

l o g  Q10 = 2.127 + .687 l o g  AREA - . I 6 8  l o g  K 

s t a n d a r d  e r r o r  of e s t i m a t e  = ,23896 
o v e r e s t i m a t i o n  = 42% u n d e r e s t i m a t i o n  = 73% average  = 58% 

log  QZ5 = 2.263 + ,712 log  AREA - ,206 l o g  K 

s t a n d a r d  e r r o r  of e s t i m a t e  = .26935 
o v e r e s t i m a t i o n  = 86% u n d e r e s t i m a t i o n  = 46% a v e r a g e  = 66% 

PIEDMONT REG ION 

l o g  Q2 = 2.005 + .809 l o g  AREA - , 205  l o g  K 

s t a n d a r d  e r r o r  of e s t i m a t e  = . I6486 
o v e r e s t i m a t i o n  = 46% u n d e r e s t i m a t i o n  = 32% average  = 39% 

log  Q l o  = 2.446 + .809 log  AREA - .264 l o g  K 

s t a n d a r d  e r r o r  o f  e s t i m a t e  = . I8797 
o v e r e s t i m a t i o n  = 54% u n d e r e s t i m a t i o n  = 35% a v e r a g e  = 45% 

l o g  QZ5 = 2.623 + .818 l o g  AREA - .304 l o g  K 

s t a n d a r d  e r r o r  of e s t i m a t e  = .23205 
o v e r e s t i m a t i o n  = 70.6% u n d e r e s t i m a t i o n  = 35% a v e r a g e  = 56% 

MOUNTAIN REG ION 

log  Q2 = 2.253 + ,606 l o g  A R E A  + .255 log  K 

s t a n d a r d  e r r o r  o f  e s t i m a t e  = .20147 
o v e r e s t i m a t i o n  = 59% u n d e r e s t i m a t i o n  = 37% average  = 48% 

l o g  Q10 = 2.712 + .599 l o g  AREA + .293 l o g  K 

s t a n d a r d  e r r o r  o f  e s t i m a t e  = .23694 
o v e r e s t i m a t i o n  = 42% u n d e r e s t i m a t i o n  = 73% average  = 58% 

l o g  Q25 = 2.912 + m585 l o g  AREA + m308 l o g  K 

s t a n d a r d  e r r o r  o f  e s t i m a t e  = ,26619 
o v e r e s t i m a t i o n  = 85% u n d e r e s t i m a t i o n  = 46% average  = 66% 



URBAN 

l o g  Q2 = 1.682 + 1.482 l o g  AREA - 1.001 l o g  K 

s t a n d a r d  e r r o r  o f  e s t i m a t e  = ,17429 
o v e r e s t i m a t i o n  = 49% u n d e r e s t i m a t i o n  = 33% average  = 41% 

l o g  'Q10 = 1.337 + 2.222 l o g  AREA - 1.831 l o g  K 

s t a n d a r d  e r r o r  o f  e s t i m a t e  = .163b8 
o v e r e s t i m a t i o n  = 46% u n d e r e s t i m a t i o n  = 31% a v e r a g e  = 39% 

l o g  QZ5 = 1.154 + 2.576 log  AREA - 2.228 l o g  K 

s t a n d a r d  e r r o r  o f  e s t i m a t e  = .2046 
o v e r e s t i m a t i o n  = 60% u n d e r e s t i m a t i o n  = 38% a v e r a g e  = 49% 



tion of slope and shape, as measured by mainstream length, the greater the 

slope and less  elongate the basin the smaller the lag coefficient tends to 

be, and the shorter the residence time within the basin. The influence of a 

lag coefficient should be negative on the equations. In the mountains, how- 

ever, the opposite e f fec t  i s  noted. No s t a t i s t i c a l  quirk was found and i t  i s  

suggested tha t  t h i s  anomolous behavior may be character is t ic  of watersheds with 

steep slopes and long main t r ibutar ies .  Nonetheless, t h o u g h  t h i s  relationship 

i s  intui t ively acceptable, fur ther  analysis i s  beyond the scope of th i s  study 

and merits additional research, In the other equations lag behaved as expected, 

influencing the equation negatively. 

Since the purpose of developing a regionalization scheme for  estimating 

peak flows was to improve on existing techniques, the t e s t  of success was to  

compare the resul ts  of the new equations with previous work. Therefore, the 

residuals were calculated for  each s tat ion and averaged to ascertain the general 

predictive errors of the equations. I t  i s  important to note that  these are  

not standard errors ,  b u t  are  mean absolute errors .  Standard error  of estimates 

are given in Table 11. The two, ten and twenty-five year peak flows were cal-  

culated for  the sample using the U.S. Geological Survey equations developed by 

Jackson (1  976) fo r  the primarily rural basins and the equations recommended for  

estimating peak flows i n  urbanized watersheds developed by Putnam (1972) .  The 

resu l t s  were then compared (Table 111). Estimates of peak discharges were im- 

proved upon in most cases. However, the U.S. Geological Survey estimations 

were s l ight ly  better for  the twenty-five year peak flow in the mountain region 

and for  the ten and twenty-five year peak discharge in the piedmont. The 

estimates for the coastal plain were improved for  a l l  other recurrence intervals ,  

with substantial improvement for  the twenty-five year discharge. 

The direction of error was also calculated to verify tha t  the equations were 
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not biased to  underpredict or overpredict flows. No such bias was noted in 

the new equations, (Table 111) b u t  in several instances the U.S. Geological 

Survey equations appear to  exhibit  some bias. The Geological Survey equations 

overpredicted flows in two-thirds of the sample for  the twenty-five year peak 

flows in the coastal plain group. This tendence to  overpredict also contri-  

butes to  the large error  term. Similarly, a tendency to  underpredict flows 

for  the twenty-five year peak flows in the mountain and piedmont groups con- 

tributed to  the relat ively lower absolute mean er ror  terms for  the Geological 

Survey technique. 

Procedure for  Using the Technique 

The equations developed in th i s  study can be used t o  estimate peak flows 

for  small ungaged streams in North Carolina and Virginia, In order to  estimate 

the two, ten and twenty-five year return interval peak discharges follow the 

procedure 1 i s ted be1 ow. 

1. Determine tha t  the stream i s  not regulated, located in a region of 

karst topography (1 imestone) or affected strongly by t ides .  

2. Calculate the drainage area in square miles from the best available 

map and check tha t  the watershed area i s  n o t  greater than 25 mi.' nor 

2 small e r  than one mi. . 
3. Calculate the lag coefficient by measuring the slope of the mainstream 

from the point 10 percent and 85 percent upstream from the s i t e  where 

the discharge estimate i s  desired. Determine i t s  square root and 

divide the total  mainstream length by th i s  figure.  

4. Determine whether 70 percent of the watershed i s  urbanized. If i t  

i s ,  use the equations or  graphs developed for  urban basins. 

5. Ascertain whether the s i t e  i s  located in the coastal plain,  piedmont, 

or mountain areas,  then select  the appropriate equation or graph. 
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Figure 7. Graphtcal solution of the equations for urban streams. (025) 

DRAINAGE AREA, IN SQUARE MILES 



~ i g u r e 8 .  Graphical solution of the equatmns for urban streams ('32 and '210) 
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6. In certain cases streams requiring peak flow estimates may be 

influenced by inadvertent detention due to  undersized culverts.  As 

well, the discharges in a highly channelized system may be under- 

predicted by these equations. If some character is t ic  i s  known to 

a f fec t  the peak flows, the predicted peak discharges should be 

adjusted using judgment based on the influencing conditions. 

Example of the Use of the Estimating Procedure 

The twenty-five year peak flow i s  desired for  a point on Horsepen Creek 

a t  Battleground, North Carolina. No regulation, karst topography or t idal  
2 inf l  uence was present. The drainage area has been determined t o  be 15.9 m i .  . 

The lag coefficient was calculated as 1.748. Less than 70 percent of the 

watershed was urbanized and the s i t e  was located in the Piedmont region. There- 

fore the equation developed fo r  the Piedmont region was used and the twenty-five 

year return interval peak flow was estimated t o  be 3,409 cubic fee t  per second. 

Instead of using the equation the discharge value can be calculated graphically 

(Figures 5-8). Locating the drainage area of the basin on the abscissa of the 

graph (Figure 9 )  move upward until that  l ine  intersects  with the calculated lag 

coeff ic ient .  Thenread the discharge from the l e f t .  

Recommendations for  Further Research 

1 .  The regional equations improved estimates of the selected peak flows in 

most cases b u t  errors for  some s i t e s  were quite large (greater than 100 

percent), Similar errors  were produced by the U.S, Geological Survey 

equations for these same watersheds. And though these basins were examined 

t o  ascertain the cause for  the anomolous flow character is t ics  no defini te  

cause was found. Research should be conducted to  determine the factors 

influencing the flows and some means should be developed to  bet ter  identify 

I regionally anomolous basins and modify existing streamflow estimation 



procedures. 

2 .  There i s  need for  

of the lag variab 

a r t i f a c t  of the s 

fur ther  research to  determine whether the positive e f fec t  

l e  in the equations for mountain streams i s  real or  i s  an 

t a t i s t i c a l  technique. In most of the l i t e ra tu re  on 

drainage basin hydrology and in most discussions of hydrograph analysis,  

increased lag times are assumed to decrease peak discharges. Yet, examina- 

tion of the data revealed no obvious reason why the resu l t  should be viewed 

as an a r t i f a c t  of the s t a t i s t i c a l  procedures used. 

Further research i s  clearly warranted to  determine the real cause of 

t h i s  apparently anomolous resul t .  In a recent a r t i c l e  two Chinese investi-  

gators ( L u i  and Wang, 1980) presented a very detailed model for  predicting 

2 peak discharges for  small watersheds in China (.006 to 163 Km ) .  They 

indicate tha t  "the character is t ics  of the formation of small watershed 

peak flows are  different  than tha t  of large or medium river basins ...." 
and tha t ,  in mountainous areas,  the r a t e  of overland flow i s  the most 

c r i t i ca l  factor.  Their s e t  of simultaneous equations for  calculating peak 

discharge appear to lend logical support t o  the equation for  mountainous 

basins. However, no  f inal conclusion can be reached until  the model i s  

actually applied, using data from the three geographic regions of North 

Carolina. 



Appendix A 

Since the Land Use and Land Cover s e r i e s  i s  published a t  the 1:250,000 

sca le  f o r  Virginia and North Carolina the  watersheds (once iden t i f i ed  and traced 

from the 1 : 24,000 scale  topographic maps) were reduced approximately ten times 

before the boundaries were located on the land use and land cover sheets .  The 

actual  area of each category was determined using an overlay gr id .  Then t h i s  

square mile f igure  was converted t o  a percentage by dividing i t  by the bas in ' s  

area .  As these three  categories encompass the  range of land uses and covers, 

the percentages t o t a l  t o  one hundred. 
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