
NRCS	Runoff	Curve	Number	
Hydrology 
Development, Status, and Updates 
Claudia	C.	Hoe7,	P.E.,	F.	ASCE,	

Na=onal	Hydraulic	Engineer,	USDA	-	NRCS	



Outline	

1.	Introduc=on	

2.	History	and	Development	of	the	CN	Method	

3.	Need	for	Updates	

4.	ASCE-NRCS	Partnership	for	Developing	Updates	to	NEH	Part	630	

5.	Summary	and	Conclusions	



•  What	is	the	Runoff	Curve	Number	Method?	
– NRCS’	approach	to	solving	hydrology	(runoff	
from	rainfall)	for	ungaged	watersheds	

–  Intended	to	be	a	simple	procedure	to	es2mate	
total	storm	runoff	from	total	storm	rainfall	as	an	
integrated	loss	func2on	concept	

– Used	to	describe	typical	watershed	response	from	
infrequent	rainfall	anywhere	in	the	country,	for	
watersheds	with	the	same	land	use,	soil	
hydrologic	group,	and	surface	runoff	condi2ons	

Introduc2on	



•  What	is	the	Runoff	Curve	Number	Method?	
The	Curve	Number	Runoff	Equa2on:	

𝑸= ​​(𝑷−𝟎.𝟐𝑺)↑𝟐 /(𝑷+𝟎.𝟖𝑺)   	for	 𝑷> ​𝑰↓𝒂 	

𝑸=𝟎															for	 𝑷≤ ​𝑰↓𝒂 	

where: 	Q	=	runoff	volume	(inches)	
	 	P	=	rainfall	(inches)	
	 	Ia	=	ini2al	abstrac2on	or	rainfall	before	runoff	begins	(inches)	
	 	S	=	maximum	poten2al	reten2on	(inches)	

	 									=	5	2mes	ini2al	abstrac2on,	or		𝑰𝒂=𝟎.𝟐𝑺		

The	CN	is	a	transforma2on	of	S:	

𝑪𝑵= ​𝟏𝟎𝟎𝟎/𝟏𝟎+𝑺 	

Introduc2on	



Introduc2on	

What	do	you	get	from	the	CN	Method?		

Runoff	Volume	

What	DON’T	you	get	from	the	CN	Method?		

Peak	Discharge	

Hydrograph	



•  Uses	of	the	CN	Method:	
– Single	event	modeling	

•  Developed	through	observa2on	of	extreme	[rainfall]	
events	and	aQempted	quan2fica2on	of	runoff	from	
these	events	

– Con2nuous	models	
•  Adapta2on	of	CN	method	to	con2nuous	models	
requires	trea2ng	each	day	or	2me	step	as	a	discrete	
extreme	(?)	event	

– Other	

Introduc2on	



•  Victor	Mockus	
–  Father	of	the	CN	Method	(also	developed	the	SCS	standard	unit	

hydrograph;	watershed	lag	equa2on;	convex	method	of	flood	rou2ng)		

–  Established	how	technical	exper2se	in	Federal	Gov’t	could	
be	used	to	carry	out	important	policy	changes	by	providing	
an	equitable	distribu2on	of	Federal	funding	to	states	with	
the	most	significant	[soil	erosion	and	flooding]	problems	
through	development	and	publica2on	of	the	curve	
number	rela2onship	between	rainfall	and	runoff	

–  Primary	author	of	Sec2on	4	–	Hydrology	of	the	Na2onal	
Engineering	Handbook	(now	NEH	Part	630,	Hydrology)	

History	&	Development	



•  Mockus’	goal:	
–  Determine	an	equa2on	for	a	curve	to:	

•  describe	a	paQern	where	a	curve	drawn	through	a	plot	of	total	
storm	runoff	versus	total	storm	rainfall	for	many	storms	on	a	
watershed	was	concave	upwards	and	showed	no	runoff	for	small	
storms;	and	

•  as	storm	size	increased	for	the	curve	to	become	asympto2c	to	a	
line	parallel	to	a	line	of	equality	(rainfall=runoff)	

•  An	appropriate	curve	resulted	from	using	a	
rela2onship	among	rainfall,	runoff,	and	reten2on	
(rainfall	not	converted	into	runoff)	
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•  Why	was	it	needed?	
–  SCS	needed	a	planning	and	design	hydrology	that…	

•  Showed	land	condi)on	
•  Used	soils	data	
•  Could	be	applied	uniformly	across	the	na2on	to	
equalize	compe22on	among	states	for	projects	
(PL-566)	
•  Met	the	data	limita)ons	(Available	were	daily	rainfalls	from	a	
few	research	watersheds	and	some	emerging	soils	technology)	

History	&	Development	



•  What	was	available?	
–  SOME	(not	a	lot)	of	data	from	experimental	watersheds	
–  Slide	rules	
–  Graph	paper	
–  Crea2vity	
–  Sense	of	urgency	

History	&	Development	
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Table 1.   Research watersheds used in the determination of NEH4 Curve Numbers 
------------------------------------------------------------------------------------------------------------ 
State   Location     State   Location 
----------------------------------------------------------------------------------------------------------- 
Arizona  Safford               New Mexico  Albuquerque 
Arkansas  Bentonville    New Mexico  Mexican Springs 
California  Santa Paula    New York  Bath 
California   Watsonville    Ohio   Coshocton 
Colorado  Colorado Springs   Ohio   Hamilton 
Georgia  Americus    Oklahoma  Muskogee 
Idaho   Emmett    Oregon  Newberg 
Illinois   Edwardsville    Texas  Garland 
Maryland  Hagerstown    Texas  Vega 
Montana  Culbertson    Texas  Waco 
Nebraska  Hastings    Virginia  Danville 
New Jersey  Freehold    Wisconsin  Fennimore 
---------------------------------------------------------------------------------------------------------- 
Source: Rallison(1980) 
 
 



•  Development	of	the	Curve	Number	Equa=on	
𝑸= ​​(𝑷−𝟎.𝟐𝑺)↑𝟐 /(𝑷+𝟎.𝟖𝑺)   	for	 𝑷> ​𝑰↓𝒂 	


𝑸=𝟎															for	 𝑷≤ ​𝑰↓𝒂 	
where: 	Q	=	runoff	volume	(inches)	
	 	P	=	rainfall	(inches)	
	 	Ia	=	ini2al	abstrac2on	or	rainfall	before	runoff	begins	(inches)	
	 	S	=	maximum	poten2al	reten2on	(inches)	

	 									=	5	2mes	ini2al	abstrac2on,	or		𝑰𝒂=𝟎.𝟐𝑺		

	and: 	𝑪𝑵= ​𝟏𝟎𝟎𝟎/𝟏𝟎+𝑺 	
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​𝑭/𝑺 = ​𝑸/𝑷 	
							where:		F	=	actual	reten2on	ager	runoff	begins	(inches)	

							S	=	maximum	poten2al	reten2on	ager	runoff	begins,	S>F,	(inches)	
							Q	=	actual	runoff	(inches)	
							P	=	actual	rainfall,	P>Q,	(inches)	
							Ia	=	ini2al	abstrac2on	(inches)	=	0	

	
To	sa2sfy	the	conserva2on	of	mass:		F	=	P	–	Q	

Subs2tu2ng: 	 ​𝑷−𝑸/𝑺 = ​𝑸/𝑷  	 	Solving	for	Q: 	𝑸= ​​
𝑷↑𝟐 /𝑷+𝑺 	
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•  When	Ia	≠	0,	P	=	P	-	Ia	and	equa2on	becomes:	

𝑸= ​​(𝑷− ​𝑰↓𝒂 )↑𝟐 /(𝑷− ​𝑰↓𝒂 )+𝑺 	
•  Ini2al	abstrac2on	consists	of:	

–  Intercep2on	(can	be	es2mated	from	cover	and	surface	condi2ons)	
–  Infiltra2on	during	early	parts	of	the	storm	(highly	variable	–	dependent	upon	

rainfall	intensity,	soil	crus2ng,	soil	moisture)	
–  Surface	depression	storage	(can	be	es2mated	from	cover	and	surface	

condi2ons)	

•  Ager	much	debate	and	discussion	(and	perhaps	a	jug	of	mar2nis?),	a	
decision	was	made	to	use	an	assump2on	that	Ia = 0.2S,	resul2ng	in	the	
equa2on:	

𝑸= ​​(𝑷−𝟎.𝟐𝑺)↑𝟐 /𝑷+𝟎.𝟖𝑺 		(and	don’t	forget!		For	P < Ia, Q = 
0)	

History	&	Development	



•  Transforming	the	S	parameter	into	something	more	“useful”	
results	in	the	Curve	Number:	

𝑪𝑵= ​𝟏𝟎𝟎𝟎/𝟏𝟎+𝑺 	
where	CN	is	dimensionless	and	ranges	from	0	(no	rain	ever	becomes	runoff)	

	 	 	 	 	to	100	(all	rain	is	always	runoff)	
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•  What	does	a	CN	represent?	
–  Land	use	
–  Hydrologic	cover	condi2on	
–  Soils	
–  Antecedent	runoff	condi2on	

•  NEH	Part	630,	Chapter	9,	presents	tables	of	runoff	
curve	numbers	for	land	uses	determined	using	
rainfall/runoff	data	and	the	runoff	equa2on	
assuming	Ia/S	=0.2	

History	&	Development	
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•  BUT….	Where	did	the	CNs	come	from?	

History	&	Development	
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•  Plots	of	rainfall	versus	runoff	from	experimental	
watersheds	data	
–  Typically	daily	rainfall	values	(24-hour?)	
–  Provides	P	(measured),	Q	(measured),	and	Ia	(observed)	
–  Solve	for	S	
–  Solve	for	CN	
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History	&	Development	

Documenta=on??	(Or	lack	thereof...)	

Most	files	and	suppor2ng	data	used	in	the	development	
have	been	lost,	destroyed,	or	misplaced	over	the	years	

CN	method	never	underwent	a	cri2cal	open	review	

Suppor2ng	data	was	never	published	

What	survives	are	tradi2on,	wriQen	summaries,	
customs	of	entrenched	usage,	ins2tu2onal	memory	



•  Some	Issues:	
–  Natural	vs.	Ordered	Data	
–  Antecedent	runoff	condi2on?	
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•  Some	Issues:	
– Storm	characteris2cs	

•  Intensity?	
•  Distribu2on?	
•  Dura2on?	

– Seasonal	data	(hydrologic	cover	condi2on	during	
what	2me	of	year)	

– Land	use	
– Slopes	
– Drainage	area	

Need	for	Updates	



•  Some	Issues:	
–  Ini2al	abstrac2on	–	is	Ia	=	0.2S	the	right	value?	
– Watershed	response	–	Mockus’	work	assumed	
(and	sought)	a	uniform	response	
•  Concave	upward	
•  Constantly	increasing	

	or	no	nega2ve	
	change	in	slope	

Need	for	Updates	



•  Some	Issues:	
–  In	reality,	there	are	mul2ple	watershed	responses	

•  Asympto2c		

Need	for	Updates	
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•  Some	Issues:	
–  In	reality,	there	are	mul2ple	watershed	responses	

•  Complacent		

Need	for	Updates	
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•  Some	Issues:	
–  In	reality,	there	are	mul2ple	watershed	responses	

•  Violent		

Need	for	Updates	
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•  Some	Issues:	
– Regional	issues	(is	AMC	II	in	Ohio	really	the	same	as	AMC	II	in	

Arizona?)	

– Does	the	CN	Method	really	“fit”	the	complacent	
and	violent	watershed	responses?	

– When	should	other	methods	of	analyzing	
hydrology	be	used?	

Need	for	Updates	



•  Some	Issues:	
– What	about….	

•  Forested	watersheds?	
•  Small	storms	and	water	quality	planning?	
•  Local	calibra2ons	for	CN?	
•  New	land	uses/type?	
•  Effects	of	fire?	
•  Non	CN	watersheds?	
•  Urbaniza2on	issues?	
•  LID	issues?	
•  Karst?	

Need	for	Updates	



•  ASCE	“Curve	Number	Hydrology	–	State	of	the	
Prac2ce”	

Need	for	Updates	



•  Coopera=ve	Agreement	(signed	August	2015)	
to	update	NRCS’	NEH	Part	630,	Chapters	8,	9,	
10,	and	12	
– Chapter	8:		Land	Use	and	Treatment	Classes	
– Chapter	9:		Hydrologic	Soil-Cover	Complexes	
– Chapter	10:		Es2ma2on	of	Direct	Runoff	from	
Storm	Rainfall	

– Chapter	12:		Hydrologic	Effects	of	Land	Use	and	
Treatment	

ASCE	–	NRCS	Partnership	



•  Why	ASCE?	
– Authors	of	the	ASCE	monograph,	“Curve	Number	
Hydrology	–	State	of	the	Prac2ce”	serve	on	the	
ASCE-WMTC-CN	Task	CommiQee	

•  Who	else	is	involved?	
– Universi2es	
– ASABE	
– State/Local	Government	representa2on	
– Private	individuals	

ASCE	–	NRCS	Partnership	



•  Time	Line	
– ASCE	to	deliver	drags	of	subject	chapters	to	NRCS	
by	September	30,	2017	

– NRCS	will	review	internally	and	make	a	decision	
about	implementa2on	

– Request	for	review	will	also	be	solicited	outside	of	
NRCS	through	ASCE	

ASCE	–	NRCS	Partnership	



•  Love	it	or	hate	it,	it’s	here	to	stay.	
•  Is	it	“science”?	
– Ques2onable	

•  Does	it	“work”?		Does	it	approximate	reality?	
– For	the	most	part	

•  Where	does	that	leave	us	today?	
– NRCS	working	to	incorporate	the	latest	findings	

Summary	/	Conclusions	



Claudia.Hoe7@wdc.usda.gov	
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•  Don	Woodward,	P.E.,	F.	ASCE,	NRCS	Na-onal	Hydraulic	Engineer	
(re-red),	Member	ASCE	CN	Task	CommiBee	

•  Richard	H.	(Pete)	Hawkins,	PhD,	P.E.,	F.ASCE,	F.EWRI,	Professor	
Emeritus,	School	of	Natural	Resources		and	Environment,	Watershed	
Resources	and	Ecohydrology,	Department	of	Agricultural	and	
BioSystems	Engineering,	Department	of	Hydrology	and	Water	
Resources,	University	of	Arizona,	Tucson	AZ,	Chair	ASCE	CN	Task	
CommiBee	

•  Tim	J.	Ward,	Ph.D.,	P.E.,	F.ASCE,	F.EWRI,	M.	NSPE,	Dean	and	
Professor,	School	of	Engineering,	ManhaBan	College,	Riverdale,	NY,	
Member	ASCE	CN	Task	CommiBee	

Special	Thanks	
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Ques=ons	



•  USDA	–	Natural	Resources	Conserva2on	Service,	Na2onal	Engineering	
Handbook	(NEH),	Part	630,	Chapters	8,	9,	10,	and	12	(available	
hQp://direc2ves.sc.egov.usda.gov/viewDirec2ve.aspx?hid=21422)	

•  ASCE,	“Curve	Number	Hydrology	–	State	of	the	Prac2ce”,	Prepared	by	the	
ASCE/EWRI	Runoff	Curve	Number	Hydrology	Task	CommiQee,	2009	

•  Notes	on	Victor	Mockus,	provided	by	Don	Woodward	
•  Slides	from	ASCE-EWRI,	2015	Watershed	Management	Symposium,	

“Curve	Number	Rainfall-Runoff:		Professional	Applica2on	Workshop”,	
provided	by	Richard	Hawkins,	Don	Woodward,	and	Tim	Ward	
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