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Lecture	content

Surface	runoff	and	streamflow processes

– definition	/	characterisation

– influencing	factors	(natural	vs	anthropogenic,	flood	hydrograph	vs	streamflow regime)

– measurements	and	sources	of	data

– hydrograph	analysis
□ annual	hydrograph	and	streamflow regimes
□ flow	duration	curve
□ event	scale	hydrograph	analysis	and	baseflow separation

Skript:	Ch.	IV.6

Ch.	VI	§2.4
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Surface	runoff	and	streamflow:	definition

OVERLAND FLOW

PRECIPITATION

DEPRESSION STORAGES

INFILTRATION

SUBSURFACE FLOW

STREAMFLOW

Runoff	generation	mechanisms	lead	to	

⤷ overland	flow	=	surface	runoff	à two-dimensional	flow	occurring	on	slopes	or	in	
ephemeral	drainage	patterns

Concentration	of	surface	runoff	into	permanent	natural	drainage	patterns	(river	network)
leads	to

⤷ streamflow (channel	flow)	à one- and/or	two-dimensional	flow	occurring	in	river	
network	channels
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Surface	runoff	and	streamflow	controls
• climatic and	hydrologic
patterns

⤷ precipitation
– type	(rain/snow),	intensity,	

duration,	space-time	variability

⤷ interception
⤷ evapotranspiration
⤷ infiltration

• basin characteristics
⤷ topography
⤷ elevation	and	aspect
⤷ vegetation	cover
⤷ soil
⤷ geology
⤷ drainage	network

• land	use	changes
⤷ urbanisation
⤷ agriculture
⤷ forest	management

• climate	change

• water	resources	exploitation
⤷ irrigation
⤷ hydropower
⤷ water	supply

N
AT

U
RA

L
CO

N
TR

O
LS

AN
TH

RO
PO

G
EN

IC
CO

N
TR

O
LS

Hydrology	– Land	Processes	(surface	runoff	and	streamflow)	- Autumn	Semester	2016 5



Basin	controls:	effects	of	elevation,	aspect	and	orientation

• elevation	controls
– temperature	decreases	at	higher	elevations

⤷ evapotranspiration	decreases	à effects	on	soil	water	dynamics

⤷ the	proportion	of	snowall/rainfall	increases	à effects	on	streamflow regime	(distribution	
of	flow	across	seasons)

• aspect	controls
– solar	radiation	and	energy	balance

⤷ evapotranspiration	à effects	on	soil	water	dynamics

⤷ vegetation	patterns	à effects	on	infiltration/runoff	generation

• orientation	controls
– the	exposure	to	dominant	winds	and	precipitation	patterns

⤷ rainfall	regime	à effects	on	soil	water	dynamics	and	runoff	generation
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Basin	controls:	effects	of	topography	(slope)
slope	controls
– the	basin	response	time

⤷ steeper basin	à faster response
⤷ gentle slopes	à delayed response

– runoff	generation	mechanisms
⤷ soil	storage	/	infiltration	à gentle	slopes	

are	characterised	by	deeper	soils
⤷ soil	wetness	à steeper	slopes	drain	
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Basin	controls:	effects	of	soil	and	vegetation	cover

vegetation	controls

– interception
– evapotranspiration
– infiltration

ê

runoff	generation	mechanisms
basin	storage	capacity

NB vegetation,	soil	type	and
permeability	influence	each
other

FAIRLY VEGETATED

POORLY VEGETATED

FAIRLY VEGETATED

POORLY VEGETATED

vegetated	basin à richer	sub-surface
flow	and	baseflow
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Basin	controls:	effects	of	geology	and	shape
geology	controls	the	formation	of	the	
drainage	network	structure

ê effects	on
• drainage	density
⤷ storage	capacity	of	the	network
⤷ runoff/streamflow	travel	path

ê impact	on
• runoff	concentration
• basin	time	response

DENDRITIC
NETWORK

(most frequent,
homogenous 
geology)

PARALLEL
NETWORK
(steep slopes,

outcropping elongated
resistant rock bands)

shape	controls	the	
temporal	dynamics	of	
basin	response
ê
effects	on	hydrograph
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Anthropogenic	controls

• water	exploitation	through	
infrastructures	modifies	streamflow	
(and	sediment	transport)	regimes	and	
volumes by
⤷ storage	and	regulation	(hydropower,	

irrigation)
⤷ abstraction	(irrigation,	water	supply)

An
nu
al
fl
ow

time

mean annual flow

beginning of
upstream dam operation

• basin	topography	changes	due	to	agricultural	practice	and	urbanisation
⤷ local	and	average	slope
⤷ drainage	network

• basin	response	changes	due	land	use	and	vegetation	cover	changes	(e.g.	
deforestation,	forest	fires,	agriculture,	…)
⤷ infiltration	capacity	and	soil	water	storage	
⤷ evapotranspiration
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Measurement	of	surface	runoff	is	complex	à not	available

Measurement	of	channel	flow	(streamflow)	is	carried	out	by	combining	for	a	
known	channel	geometry	measurements	of

⤷ water	level,	w u	=	velocity

⤷ flow	velocity,	u A	=	cross-section	area,	f(w,	river	width)

Streamflow,	Q(t),	is	a	fluxà [L]3[T]-1 à [m3/s],	[m3/day],	…

Data	are	typically	available	in	the	form	of

⤷ water	levels

⤷ flows	(=	discharge)à hourly,	daily,	monthly,	and	annual	flow

Streamflow	measurement

→  Q = u ⋅A

A
w

steady	state
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Streamflow	measurement:	water	level	(1)
Water	level	measurements	are	both

• continuous (from	automatic	devices) • and	discrete (from	manual	readings)

recorder

recorder house

recorder chart

stage

stilling
well

intake

floating
counter

table

stage
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Streamflow	measurement:	water	level	(2)
Typical	water	level	measuring	devices	are
• ultrasonic	gauges
• pneumatic	recorders
• floating	counters

recorder

recorder house

recorder chart

stage

stilling
well

intake

floating
counter

table

www.openchannelflow.com

recorder

battery

orifice bubbling a continuous gas stream

pier

manometer
assembly

gas
cylinder

plastic tube [Chow	et	al.,	1988]
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Streamflow	measurement:	velocity

Velocity	is	measured	by	means	of
• current	meters	(propellers)
• flow	measuring	structures
• acoustic	doppler	profiler
• chemical	methods
• ultrasonic	methods

sampling 
point

tracer 
immission

mixing reach

tracer 
immission sampling time, T

k dt∫

Q = K
kdt

T∫
in	steady	state	conditionsà

′v = L
2cosα

1
t1
− 1
t2
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Q

H

Streamflow	measurement:	from	velocity	and	water	level	to	Q

Q = vi ⋅di ⋅ Δwi
i=1

n

∑

velocity
measuring points
(0.2 and 0.8 d)

At	n regular	intervals	along	the	cross	sections:
• depth	measurement,	di
• velocity	measurements	at	two	depths	(0.2di
and	0.8di	)

• compute	the	discharge	by	integration

By	repeating		measurements	and	computation	
of	Q	for	different	depths	in	steady	state	
conditions	elaborate	the	

stage-discharge	relationship
(rating	curve)

ê

velocity measuring
points (0.2 and 0.8 d )

depth di
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Rating	curve:	remarks

Q

H

steady state
rating curve

unsteady state
rating curve

A	rating	curve	is	valid	as	long	as
• the	cross	section	does	not	change
• for	steady	state	conditions

ê
• periodical	check	of	cross-section	and	update	of	the	rating	curve	are	necessary	for	high	quality	data
• measurements	in	flood	conditions	are	difficult	à extrapolation	of	the	curve	outside	the	calibration	
observation	range	is	dangerous

⤷
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propeller

counter

guiding	cables
Discharge	
measurement	
station	(BAFU)

• water	level	(pressure	
gauge)

• velocity	(propeller)
• stable	cross-section

©	P.	Burlando
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©	P.	Burlando ©	P.	Burlando
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stage

pressure	gauge

propeller

©	P.	Burlando ©	P.	Burlando
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drum	chart

compressor

pressure	gauge	
electronic	components

©	P.	Burlando

Hydrology	– Land	Processes	(surface	runoff	and	streamflow)	- Autumn	Semester	2016 20



Streamflow	data	sources
Streamflow measurements	are	collected	/	elaborated	by	hydrologic	agencies
• in	CHà Hydrology	Division	of	the	Federal	Office	for	the	Environment

http://www.bafu.admin.ch/hydrologie/index.html?lang=de
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Streamflow	data	sources:	hydrological	yearbook

http://www.bafu.admin.ch/hydrologie/01832/01852/index.html?lang=de
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Streamflow	data	sources:	hydrological	yearbook
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Streamflow	data	sources:	hydrological	yearbook
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Streamflow	data	sources:	hydrological	yearbook
daily	data
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Streamflow	regimes
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Annual	hydrograph

Examining	the	annual	hydrograph	allows	to	
identify	the	streamflow regime,	e.g.

streamflow
volume in Δt
T	=	1	year

Q(t
)

t

snow-fed

perennial

ephemeral

Hydrology	– Land	Processes	(surface	runoff	and	streamflow)	- Autumn	Semester	2016 30



Streamflow	regimes	in	Switzerland

source:	Hydrological	Atlas	of	Switzerland
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Streamflow	regimes	in	Switzerland
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Streamflow	(macro)regimes	in	Switzerland

•GLAZIAL

•NIVAL

•NIVO-PLUVIAL

•PLUVIAL
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Flow	duration	curve
It	provides	the	percentage	of	time	that	the	
flow	in	a	stream	is	likely	to	equal	or	
exceed	some	specified	value	of	interest.

⤷ frequency	information

Duration	of	Q*	à

The	construction	of	the	curve	is
frequently	done	using	daily	data:

1. for	each	year	sort	the	daily	data	in	
descending	order
⤷ highest	flow	exceeded	for	1	day,

2nd	highest	for	2	days,	…,	lowest	
for	365	days.

2. compute	the	average of	ranked
flows	for	each	ranking	position

3. plot	the	flow	duration	curve	using
the	averaged	flow	for	each	ranking
position
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T = 1 year

Q(t)

Q*

t

Pr[Q≥Q*]	=	D(Q*)/T	=D*/T; Pr[Q≤Q*]	=	F(Q)	=	1	- D*/T
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Streamflow	data	sources:	hydrological	yearbook
daily	data	– flow	duration	curve
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Engineering	Problem:
⤷ Estimate	the	amount	of	time	(duration)	for	which	water	can	be	abstracted	from	

a	river	to	satisfy	the	demand	of	a	water	supply	system

Solution
⤷ Compute	the	flow	duration	curve	from	daily	historical	streamflow	observations	

and	read	on	the	plot	the	duration	corresponding	to	the	water	demand

Method
⤷ flow	duration	curve

Infiltration
example	of	application	of	knowledge
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Engineering	Problem:
⤷ Estimate	the	amount	of	time	(duration)	for	which	water	can	be	abstracted	from	

a	river	to	satisfy	the	demand	of	a	run-of-river	hydropower	system

Solution
⤷ Compute	the	flow	duration	curve	from	daily	historical	streamflow	observations	

and	read	on	the	plot	the	duration	corresponding	to	minimum	flow	required	by	
the	hydropwer system

Method
⤷ flow	duration	curve

Infiltration
example	of	application	of	knowledge
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Flood	hydrograph	analysis
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Flood	hydrograph	analysis	- nomenclature

hydrograph	components

– ABà baseflow	recession

– BCà rising	limb

– CDà falling	limb

– DEà baseflow	recession

– tp à rime	to	peak

– Vpà flood	volume

– Qpà flood	peak

The	analysis	is	conveniently	carried	out	
in	a	semi-log	plane	(lnQ-t),	where	the	
baseflow	recession	shows	a	linear	
behaviour
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Flood	hydrograph	analysis:	baseflow	separation	(1)
• Observed	streamflow	in	rivers	is	composed	of	three	components:	surface	runoff,	interflow	and	
baseflow

• to	quantify	the	contribution	of	surface	runoff	to	the	streamflow	it	is	necessary	to	separate	the	
baseflow	and	interflow

⤷ baseflow	separation	methodsà empirical	methods

NB	1 these	methods	consider	baseflow	and	interflow	as	one	single	component
NB	2	 surface	runoff	computed	from	baseflow	separation	can	be	used	for	calibration/verification	of	runoff

generation	models	(e.g.	Φ-index)

STRAIGHT	LINE	METHOD

• a	horizontal	line	is	drawn	from	the	
point	at	which	surface	runoff	begins,	B,		
to	the	intersection	with	the	recession	
limb.

• does	not	account	for	interflow

• applicable	to	ephemeral	streams

DIRECT RUNOFF

t

ln Q(t)

B
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Baseflow	separation	(2) STRAIGHT	(INCLINED)	LINE	METHOD

• an	inclined	line	is	drawn	from	the	beginning	
point	of	the	surface	runoff,	B,	with	the	point	
on	the	recession	limb	of	the	hydrograph	where	
normal	baseflow	resumes.

• accounts	implicitely	for	interflow (inclined	
straight	line)

• applicable	to	(small)	forested	watersheds	in	
humid	regions

VARIABLE	SLOPE	METHOD

DIRECT RUNOFF

t

ln Q(t)

B

t

ln Q(t)
• extrapolation	(forward) of	the	baseflow	
recession	curve	up	to	tp à

• extrapolation	(backward) of	the	baseflow	
recession	curve	up	to	ti à

• connection	of	the	extrapolated	curvesà
• accounts	implicitely	for	interflow

• applicable	to	systems	with	threshold	driven	
interflow

PEAK

INFLECTION
POINT

Hydrology	– Land	Processes	(surface	runoff	and	streamflow)	- Autumn	Semester	2016 41



Baseflow	separation:	normal	depletion	curve
• it	is	based	on	the	evidence	of	the	exponential	decay	of	
the	recession	limb

⤷ linear	reservoir	analogue

where	Q0 is	the	flow	at	time	t0 a	nd k is	an	exponential	decay	
constant	having	the	dimensions	of	time.

• the	equation	is	linearized	in	a	semi-log	(ln Q(t)	– t)	plane
• two	inclined	lines	can	be	drawn
⤷ forward	from	the	beginning	point	of	the	surface	runoff,	B,	

to	the	time	of	the	inflection	point,	and
⤷ backward from	the	point	on	the	recession	limb	of	the	

hydrograph	where	normal	baseflow resumes	to	the	time	of	
the	inflection	point.

• the	estimation	of	k	is	obtained	by	fitting	the	linearized	
form	of	(•) to	the	flow	values	of	the	recession	limb

• accounts	implicitly	for	interflow (inclined	straight	line)

• applicable	to	watersheds	where	interflow	is	controlled	
by	soil	storage

Q t( ) =Q0 ⋅e
− t−t0( ) k

t

ln Q(t)
INFLECTION
POINT

DIRECT RUNOFF

ti

(•)

linear	reservoir	analogue

combining	(••) with	the	continuity	
equation		-Q(t)=dS(t)/dt		we	obtain	(•)

Q(t)
S(t)

S(t)	=	k	Q(t) (••)

B
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