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SCSRunof: A Spreadsheet Implementation of the
SCS Runoff Method

Gregory W Pouch
Geohydrology Section

Kansas Geological Survey

Abstract
A Microsoft Excel spreadsheet implementation of the SCS Curve Number Runoff

Estimation Method for small watersheds allows the user to enter input and view output
quickly and easily.  The use of a spreadsheet provides both easy, powerful input-editing
and a wide range of output graphing options, lets the user see results immediately and
immediately check for spurious input, and avoids the difficulties of file import/export.

Required inputs are daily rainfall values, vegetation state (dormant/active), and a
Curve Number, dependent upon soil properties and land cover and determined with look-
up tables.  The spreadsheet calculates the resulting depth of runoff on an areal basis, which
can then be used to calculate total runoff volume.  An example Excel workbook -
SCSROXL1.xLs -  includes sample data for some small drainage basins in south-central
Kansas as well as the source code for calculating runoff.
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Explanation of SCS Method to Estimate Runoff
The SCS Runoff Method (Chow et al, 1988; SCS, 1975; SCS, 1985) is a widely-

used method for calculating runoff from small watersheds based on minimal infomation:
this section describes the SCS Method as presented in hydrology textbooks, and is based
largely on Chow et al (1988).

The required input data are storm rainfall (here, daily rainfall), a Curve Number
indicating runoff potential, and antecedent moisture condition, which is based on
vegetation state and a summation of preceding rainfall.  The resulting calculation gives the
runoff as a distributed depth of runoff.  (e.g., a rainfall event of 3.21 inches might produce
a runoff of 1.17 inches equivalent runoff, meaning that each acre produces 1.17 acre-
inches of water).

The Curve Number, used to calculate runoff, depends on a number of factors,
including soil type, vegetation state, and degree and style of cultural features, particularly
pavement and buildings.  The SCS (1975,1985) and most surface water hydrology books
(e.g. Chow et al, 1988) provide tables to determine the Curve Number 11 based on these
factors:  The Curve Number is a surrogate for potential retention within the watershed.
Depending on antecedent rainfall conditions and vegetation, one of three possible Curve
Numbers may be used:  Curve Number I for dry conditions; Curve Number 11 for normal
conditions, and Curve Number Ill for wet conditions.  Curve Number I and Curve
Number Ill can be determined from Curve Number 11 with algebraic formulas.  (See SCS
(1985) and Chow et al (1988). )The spreadsheet automatically chooses the correct
moisture condition and uses the appropriate Curve Number corresponding to the user' s
input of Curve Number 11.

Traditionally, the SCS method is used with look-up curves giving the rainfall-
runoff relationship for various curve numbers.  This is a time€onsuming, tedious, and
error-prone process.  The spreadsheet calculates the runoff based directly on the original
fomula.
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Theoretical Basis of SCS Method
The theoretical basis for the SCS Method may be stated as

1a)
Actual RetentionwithinBasin     _   Actual RunoffI-I-

Potential Retentionwithin Basin     Potential Runof f

I__9_
S      Pc         9Where

is infiltration occurring after runoff begins
is potential maximum retention
is actual direct runoff

Pc = min(P -JA,0)      is excess precipitation or potential maximum runoff

P                                     is actual precipitation
JA = a.2S                        is initial abstraction

The runoff 0 may then be calculated as

2a)

2b)

o=p,p::5

_(p-O.2S)2
P + 0.8S

Q=O

Or
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or, more conveniently,

if P 2 0.2S and

it  P < 0.2S

SCS ( 1985) gives an explanation of these assumptions based on asymptotic behavior for
large and small storms.

In order to express the soil water retention in a more convenient form, the Curve
Number is introduced, which is

cN-1sO+001o

s-_xp-1o
CIV

and thus

where S must be measured in inches.
Curve Number H (CNII) is found from soil properties and cover type.  Curve

Number I, used under dry conditions, is calculated from Curve Number 11 as

CNI- 4.2CNII
10 -O.058CNII
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and Curve Number Ill, used under wet conditions, is found from Curve Number H as

6)                                                 CNIII --
23CNII

10 + 0.13CNII

Dry means 5-day antecedent rainfall less than 0.5" for dormant or 1.4" for active
vegetation, and wet means more than 1.1" for dormant or 2.1" for active vegetation.
Normal means 0.5-1.1" of antecedent rainfall for dormant vegetation or 1.4-2.1"
antecedent rainfall for active vegetation.  (SCS, 1985; Chow et al, 1988)

Spreadsheet to Calculate Runoff
Calculation of runoff using this spreadsheet requires 1 ) the spreadsheet and a copy

of Excel; 2) knowledge of the soil properties and land cover to determine the Curve
Number 11 from various SCS tables; and 3) daily rainfall and vegetation state
(Active/Dormant).  (Stomi rainfall amounts could be used instead of daily rainfall and the
calculations remain the same, but the layout of a spreadsheet becomes much more
complicated.)

Once these data are available, the user can enter them into the spreadsheet and use
the functions, described below, to calculate the runoff.  Figure la shows a sample
worksheet that uses these functions, as a user would normally see it.  Figure lb shows the
formulas used to produce the worksheet in Figure 1 a.

Runoff is most readily calculated directly, using the function SCSBunoff(  ),
explained in Functions to Calculate Runoff.  The formula for runoff in row 13, column D
of Figure lb shows a typical usage.  The input values are current rainfall (SB13), five-day
total rainfall (SUM(SB8:S812), vegetation state (SC13), and Curve Number 11 (D$3).  The
dollar sign S is used to make absolute references rather than relative spreadsheet
references:  e.g., always use column 8 for rainfall, rather than the column two to the left.
The user could easily have a column containing the Curve Number 11 if cover conditions
are varying more rapidly, or get the five-day rainfall from a more complicated smoothing
function using a more complicated formula or other column of data.
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Figure 1 Sample Spreadsheet to Calculate Runoff by the SCS Method
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`=+

•-~xrs>rs{ipm.
`\,y`yy.y'+vaeENas

S•y%&#*Si`*+

muname PRATT- ALBION WALDECK PLEVNA Cement
CAFIWILECOMPLEX SANDY LOAM FINE SANDYLOAM SOILS

Soil Runoff Letter A 8 C D

Curve Number 11 30 58 71 78 98
•x     ;`;`-       :^=,yy

•         i:¥g¥K,,-S;i Date Rainfall VegetationState Runoff A Runoff 8 Runoff C Runoff D RunoffCement

3se``` 850415 0.00 ACTIVE 0.00 0.00 0.00 0.00 0.00
850416 0.00 ACTIVE 0.00 0.00 0.00 0.00 0.00
850417 0.00 ACTIVE 0.00 0.00 0.00 0.00 0.00
850418 0.00 ACTIVE 0.00 0.00 0.00 0.00 0.00

•i-,\(y" 850419 0.00 ACTIVE 0.00 0.00 0.00 0.00 0.00
850420 0.00 ACTIVE 0.00 0,00 0.00 0.00 0.00

* 850421 0.04 ACTIVE 0.00 0.00 0.00 0.00 0.00

? 850422 0.71 ACTIVE 0.00 0.00 0.00 0.00 0.34
(i 850423 0.00 ACTIVE 0.00 0.00 0.00 0.00 0.00

850424 0.00 ACTIVE 0.00 0.00 0.00 0.00 0.00
~`1•..``i,|

6` 850425 0.00 ACTIVE 0.00 0.00 0.00 0.00 0.00
`*tr:.::f¥` 850426 0.39 ACTIVE 0.00 0.00 0.00 0.00 0.11

un 850427 0.00 ACTIVE 0.00 0.00 0.00 0.00 0.00
''//

850428 0.cO ACTIVE 0.00 0.00 0,00 0.00 0.00
850429 3.54 ACTIVE 0.00 0.00 0.22 0.54 3.02
850430 0.04 ACTIVE 0.00 0.00 0.00 0.00 0.00

Figure lb Spreadsheet Formulas
C\`' .    y       §rs         i?i-i, |  !t*€f`: >,   +~,    ,,,   ,„„    ,,,  `>    `^v    `y     ,                                                 ``    ,`,``>      `y`>+``¥j>ri!-##`!{¥esasseREEN!§ENtr¥is  `+         „`7IA`\``  x            ',    '`','''<``ff     :+`    z'`y,

muname PRATT-CARWILE COMPLEX
Soil Runoff Letter A
Curve Number 11 30

+                                     J\
Date Rainfall VegetationState RunoffA

31152 0 ACTIVE =SCSRunoff(S86,SUM(S83:S85),SC6,D$3)
S 31153 0 ACTIVE =SCSPlunoff(S87,SUM(S84:S86),SC7,D$3)
31154 0 ACTIVE =SCSPlunoff(SB8,SUM(S84:S87),SC8,D$3)

•  %zzz, 31155 0 ACTIVE =SCSF`unoff(SB9,SUM(S84:SB8),SC9,D$3)
RE 31156 0 ACTIVE =SCSPlunoff(SB10,SUM(S85:SB9),SC10,D$3)

31157 0 ACTIVE =SCSF3unoff(SBll,SUM(S86:SBI O),SCll,D$3)
ty` 2+ 31158 0.04 ACTIVE =SCSRunoff(S812,SUM(S87:SBll),SC12,D$3)

. 31159 0.71 ACTIVE =SCSRunoff(S813,SUM(SB8:S812),SC13,D$3)
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FUNCTIONS T0 CALCULATE RUNOFF

Listing 1 shows the Visual Basic Source Code for the function SCSPlunoff, which
allows one-step calculation of runoff by the SCS Method.  SCSRunoff uses four input
parameters (daily rainfall, five-day total rainfall, vegetation state (as text), and the Curve
Number 11) and returns that day's runoff.

SCSpunoff works by first extracting the first letter of the Vegetation State, then uses
the first letter to determine whether vegetation is dormant or active.  Depending on
vegetation and five-day total rainfall, it classifies the antecedent moisture conditions as
wet, normal, or dry (Antecedent Moisture Class I, 11, or HI) and calculates the appropriate
Curve Number from the input Curve Number 11.  It then calculates potential maximum
retention S from the Curve Number.  Finally, it calculates the runoff using Formula 2b.

FUNCTIONS TO CALCULATE INTERMEDIATE VALUES

To calculate runoff, only the function SCSRunoff is needed.  For teaching and
debugging purposes, it may be useful to examine partial solutions based on the SCS
Method, such as the Antecedent Moisture Condition (SCS_AMCclass(   )  ) or the Curve
Number to be used (SOS_CurveNumber(   )   ), or to use these to calculate the runoff with
SCSpunoffFromprecipAndcurveNumber(  ).  These functions are listed in the Appendix and
included in the spreadsheet for testing, teaching, and debugging purposes.
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Listing 1 Visual Basic Code to Find Runoff by the SCS Method
Functlozi  SCSRuzroff (R&1ziTod.y  A.  BLngl.,   Ralzi5DayTot&l  Jl.  Slz)g1.,   V®g®t.tloz}Stat.  Jle

String,  Cull  Jl.  Slngl.)  Jl.  glzLg1.
I   CNil                              th.  gcs  C`irv.  )fubb.I  11
I  Ralz)Today                  I.1zifall  for  th.  day  to  c.lcul.t.  runo££  for
'  Rain5Da]rTotal          tt).  tot-1  I.1nf.1l  for  th.  £1v.  pr.c.ding  days
I  Veg.tatlozistat.      .  .Crlng  to  lndlcat.  Ch.  .tat.  of  v.g.t.tlon.  Oz)1y  th.  flrflt  1.tt®r

will  b. u..a.
'Doraent  WizLt.r  I.11       8®zi..a.zit    Brown    0
'Orovlng  Spring  Sum.r  Jlctlv.          Gr..zL    1

I£  RaizLToday  <=   a  Then
'No  pr®clp  n.&n.  flo  ralzif&1l,   .o  l®av.  1m®diat.1y
'Thie  lfi  probably  th. no8t  c-on c&..

SCSRunof I  I   0
E][it  Functlozi

End  lf

Static  CNuged  JL.  Slngl.,   8  Jl.  Slngl.
'Cboo8®  Vog®tatiozi  Scat.  bag.d  on  £1r.t  1.tt.r  of  trord,
I   th.zi  chool.  th.  Azit®c.d.zLt  Xol.tor.  Cozidltlon,   th.zL
t  calcul.t.  th.  Curv.  lhinb.r  from CNll
g.I.ct  C...  UC.fl.S (I..£ts(V.g.t.tlozlsc.t.,1) )

c.8.   I.Di.,   .w.,    I.I.,    .a.,   .a.,    I.oi.
1£  R.1ti5Da]rTotal  <   a.5  Th.a.U|®  "C  I

CNUB®d   a   4.2   *   CNll   /    (10   -   0.058   *   CNll)
=11®

If  R.1zi5D&y.Tot.1   >   1.1  Th.a
.Ue®  JLXC   IlI
CNtJ®ed  -23   .   CNll   /   (10   +   a.13   .   Cull)

=11®'ul, "CII
cNtI..a  -  corll

End  I£
End  1£

C ..., a,,    |S|,    I,11,,    I,11,
If  Ralzi5DayTot.I  <  1.4  Th.a'U®,  us  I

CNU..a  -I.2   .  CNll   /   (10   -0.058   .  CNll)
=18®
If  Raln5Da]rTotal  >  2.1  |h.a

'U®®  "C  Ill
CNugod  -23   .  CNll   /   (10   +   0.13   .   CNil)

=1.,
•u®®  Juell
Croged  -  CNll

=zld   1£
End  If

End  s®|®ct
S   =   1000   /   ClltJ®.a   -   10
1£  RainToday  <  0.2   .  a  Th.a

SCSRunof I  -   0
HIC  mnctlon

End  1£

SCSRunof£   -((R.1ziTod&y  -a.2   *   8)   ^   2)   /   (tL.Lnlod.]r  +   0.8   *   8)

EBd  Fuactloa
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Basin-wide Integration
Rarely does a watershed consist entirely of soils of one type.  Prediction of runoff

requires integration of the runoff from the constituent soils.  Traditionally, SCS runoff has
been calculated by looking up mnoff with a chart or table with curves or columns for a set
of Curve Numbers:  because of the labor involved, the analyst usually calculated a single
composite Curve Number for the whole basin and used that.  The spreadsheet approach
supports that method, but also includes the possibility of calculating the runoff for each
soil and integrating to determine the total runoff, which is the recommended albeit tedious
procedure in SCS (1985).

The Composite Curve Number approach replaces the constituent soils with a
homogeneous equivalent soil.  The Areal Summation approach may require more
calculation, but preserves the properties of each soil.  The Areal Summation approach
assumes that all runoff generated can reach streams:  the Composite Curve Number
approach assumes that runoff generated on one soil can infiltrate into another soil (i.e.,
runoff generated on soil A can infiltrate in an area of soil 8).  If the more impermeable
soils are concentrated in bottom lands, the Areal Summation approach should more
accurately predict the runoff.  If the soils are distributed at random, the Composite Curve
Number might be more realistic.  Two worksheets in the sample workbook illustrate each
of these approaches.

BY COMPOSITE CURVE NUMBER

In the Composite Curve Number approach, a single Curve Number 11 is calculated
for the whole basin as a weighted average of the individual soils' Curve Number IIs.  This
Composite Curve Number is used for the whole basin to calculate runoff.

A spreadsheet allows easy calculation of the Composite Curve Number using
matrix multiplication.  The worksheet Bunoff_CompositecurveNumber shows an actual
example.  Figure 2 shows an example worksheet to calculate Composite Curve Number 2.
The formula in cell E9 is a matrix multiplication of Curve Number IIs in row 2 by soil
areas in column E divided by the total area.

Figure 2 Calculation of Composite Curve Number

=m4ul.I ( ]i2 : D2 , E4 : E7 ) / SUM ( E4 : E7 )

r*
3,````^,a,``-+        ,,i   ``=-y       "

--                          ',/7/7ZZZZZ7ZZZZ           '        `

Foxtrot victor Delta ifelo
30 30 72 58 Curve  Number  11

Area
12098 FOxtrot

1234 victor
• 34756 D®1ta

`es',1*,!i:.

98341 thle
se 146429 Total  JLrea

.Compogite  Curve  Number 58.77
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BY AREAL SUMMATION

In the Areal Summation approach, the runoff from each soil is calculated using its
own Curve Number 11, then the total runoff is calculated using matrix multiplication.  The
worksheet Runoff_Arealsummation illustrates this approach.

Conclusions
The SCS Method to Estimate Direct Runoff is a popular and widely-accepted

technique for estimating runoff from minimal information.  Its implementation as an Excel
spreadsheet provides many advantages over the traditional look-up curve and file-oriented
program approaches, such as easy, powerful input-editing and easy and powerful
8raphing.

The computational power of modem computers combined with the ease of use of a
spreadsheet makes more detailed analysis, such as the Areal Summation approach, more
available than before.  Because the necessary parameters are input for each day, the use of
spreadsheets makes it easy to use either constant values for land cover conditions or let
them vary on a daily basis.  The spreadsheet approach may be particularly useful for
explaining runoff related concepts.
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Appendix 1  Complete Listing of Spreadsheet Functions
for Runoff Calculation with the SCS Method
Option  =xplLclt
I I   Thl&  1.  .  .inpl.  Vifiual  Ba81c  lnplementaciozi  o£  Ch.  SCS  curve  I)umber  technic[`le  ag

d®&crib®d
I I   in  Jlppll®d  Hydrolog]r  by    Chow,  mldn.Dt,  .zid  Nay.  for  .etlnatizig  €urfac.  riinoff

'Tho  function paran®t.rl  are  laid  out  to  b.  1n  ord.r  of  no.t-rapidly varying  to  least
I.pidly varying.

r`inction  SCSRunof£ (RalnTod&y  JL.  Slnqrl.,   Ralzi5Da]rTot.I  Jl.  Bingl.,  V.a.tationst&t.  JIB
String,   CNll  Jl®  Sinqil.)   A.  SlzLgl.

I  CNil                               tb.  Scg  Curv.  Nuab.I  11
I  RalaToday                  r&1zi£.1l  for  th.  day  to  c.lculat.  ruaof I  for
I   Rain5I)ayTotal          the  total  raln£.ll  for  tb.  £lv®  pr.c®dizig  day.
I  V.g.tationstat®      a  Fltring  to  lndic&t.  th.  .tat®  of  v.getatlon.  OzLly  th.  flrgt  letter

will  b. u..a.[Domant  Wizit.r  rail      a.zi..c.nt    Brorirn    a
•Crovlzig  Sprlzig  8`izrm.I  Jlctlv.           ar®®zi    1

If  Ralz)Today  <=   a  Th®zi'No  pr.cip  n.abe  no  ralzifall,  8o  I..v.  1zD.dl.t.1y
•Thlfi  ig  probably  tb.  noflt  comoa  c.I)®

SCSRuzlof I   -   0
E]Elt  F`inctlozi

=t)a  If

St.tic  CNtJ..a  Jl.  8lngrl.,   8  Jlfl  Slngl.

a.1.ct  C-I).  tJcae.S (I..Its (V®q.t.tlozigt&t.,1) )
c&..   |Di-,    |wl,    I.rl,    181,    .B.,    I.ol.

If  Raln5Da]rTotal   <   a.5  Th®a
'UI®  "C  I

cNu..a  -4.2   *  cull  /   (io  -O.o5e   *  cull)
=|s®
If  Raln5DayTot.I  >  1.1  Th.a

•U.®  A||C  Ill
clltr..a  -23  .  cull  /   (10  +  a.13  .  cull)

11.,'u,, "CII
cro..a . cull

End  It
Ead  If

C ..., a,,   ,S|,   I,Ill,,   ,1,
If  Ralzi5Da]rTotal   <   1.4  Th.zi

'U|®   JINC   I
cup..a  I  4.2  *  cull  /   (io  -  a.o5e  *  cull)

=1,e
If  Raln5Da]rTot.I   >   2.1  Th®zi

'U8®  JIHC   Ill
CNU..a  -23   .  CHil   /   (10  +   0.13   .  Cull)

=1B®
lu8®  J"CII
CNI|.a  .  C"11

=Dd  lf
=zld  If

End  8®1ect
a  -  1000  /  C]ltJ..a  -  10
1£  R.1nTod-y  <  0.2   *  a  Th.a

8CSRuzlo££   I   a
E{1t  function

Ezld  If

SCSRunoff   I   ((RalnToday  -a.2   *   8)   ^   2)   /   (RalnToday  +   0.e   *   a)
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End  Function

F`inctlozi  8CS_JIHCcla.. (R&lD5I)ayTot.1  Ill  81zigl.,   V.g.t.tlozL8t.t.  A.  8trlzicT)   JL.  Izitog®r
'R®turzifl  1,2,   or  3  for  Ch.  8CS  Ant.a.a.ac  IIol.Cur.  Condltlozi  cat.gor]r

I  Raln5DayTotal          tb.  total  r&lnf.11  tor  th.  I lv.  pr.c.dlpg  dayfi
I  V.g®tatlozist.t.     .  .trltLg  to  lndlc.t.  th.  .t-t.  of  v.g.tatLon.  ozily Cb.  I ir.t  letter

vlll  b®  ue®d.
•Dozmazit  Wlnt®r   Fall        g®z)®8c®zit     Elrorirti     0
'Grovlz)a  Sprlzig  S`im.I  Jlctlv.          Cr..a    1

S®1®ct  Cat).  Ucae.S (I.efts (Veg.tatlonsc.t.,1) )
Ca8®    ND-,     t'W.,     l'Fll,     I.S-,     ''8'',     I-a-

If  Raln5DayTocal  <  0.5  Th.a
'U|®  RE  I

8CS_JLHCcla..   =   1
=1€®

1£   a.1zi5Da]rTotal   >   1.1   Th®zi
'Ue®  JLHC   Ill
SCS  AHCcla]4   a   3

=1e®
'u8®  J"CII
SCS_Jl)4Ccla.a   a  2

=Bd  lf
End  If

C...   I,a.,   .S.,   ,Jl,,   111,
If  RalB5P.]rTot.I  <  1.4  Th.a

'Ug®  "C  I
scs_Junccl.8.  =  1

Else
If  Rain5I)ayTotal  >  2.1  Then

lUe®  A)4C   Ill
gas_AXccl.fl.  I  3

=|fl®
'uf'®  "CII
8C8_A)OCC1...-2

End  1£
End  I£

=zld   g®1®ct
EDd  runctlon

hizictlozi  SCS_Cut:v.)hizbb®r(Ralzi5Da]rTot.1  A.  glaqrl.,  V.g.t.tlonstat.  JL.  8trlng,   CNll  Jl|
Slnqrl.)   JL.   81zLg1.I I  Thl.  11  .  .1apl.  V1.ual  B&elc  lDpl.a.zit.tlon  of  th.  SCS  curv.  I)unb®r  t.chulqu.  ..
a..crib.a

I t   lzl  Appll.a  Brdrologr]r  by    Cbov,  Haldn.zit,   -zed  X.y.  tor  ..tlnatlt)g  .urf-c.  ruzLo££

I   CNil                                  the  SCS  Curve  )hinb®r  11
t   Raln5DayTot.1          th.  total  r.1z)I.11  for  th.  £1v.  pr®c®dlzig  a.y-
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Disclaimer

The  Kansas  Geological Survey does  not guarantee tbis document to be  free  from
errors    or    inaccuracies    and    disclaims    any    responsibility    or    liability    for
interpretations based on data used in the production of this document or decisions
based thereon.   This report is intended to make results of research available at the
earliest possible date,  but is  not intended to constitute final or formal publication.


