Land processes: surface runoff and streamflow
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Land processes: surface runoff and streamflow
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Land processes: surface runoff and streamflow

Lecture content Skript: Ch. IV.6

Ch.VI §2.4
Surface runoff and streamflow processes

— definition / characterisation
- influencing factors (natural vs anthropogenic, flood hydrograph vs streamflow regime)
- measurements and sources of data

— hydrograph analysis
o annual hydrograph and streamflow regimes

o flow duration curve
o event scale hydrograph analysis and baseflow separation
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Surface runoff and streamflow: definition
LUV UL}y PRECIPITATION

OVERLAND FLOV
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SUBSURFACE FLOW
Runoff generation mechanisms lead to

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

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

L streamflow (channel flow) = one- and/or two-dimensional flow occurring in river

network channels
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Surface runoff and streamflow controls

* climatic and hydrologic * basin characteristics
L » patterns L topography
< 6 L precipitation L elevation and aspect
g IE - ';ype ('rain/snow),'intensifcy, - L vegetation cover
= > uration, space-time variability 5 <ol
<Zt ® interception b geology
O evapotranspiration .
G infiltration L drainage network
* land use changes * water resources exploitation
L urbanisation L rrigation
L agriculture L hydropower
L forest management L water supply

* climate change

ANTHROPOGENIC
CONTROLS
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Basin controls: effects of elevation, aspect and orientation

* elevation controls

- temperature decreases at higher elevations
L evapotranspiration decreases = effects on soil water dynamics

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

 aspect controls

— solar radiation and energy balance
L evapotranspiration = effects on soil water dynamics

L vegetation patterns =2 effects on infiltration/runoff generation

* orientation controls

- the exposure to dominant winds and precipitation patterns

L rainfall regime = effects on soil water dynamics and runoff generation
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Basin controls: effects of topography (slope)
slope controls

— the basin response time

L steeper basin = faster response
L gentle slopes = delayed response

Q) 4

- runoff generation mechanisms

L soil storage / infiltration = gentle slopes
are characterised by deeper soils

L soil wetness = steeper slopes drain

faster

2 s BASIN RELIEF

Long profile

e | —e 1
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Basin controls: effects of soil and vegetation cover

vegetation controls

— interception
— evapotranspiration

— infiltration

2

runoff generation mechanisms
basin storage capacity

NB vegetation, soil type and

permeability influence each
other

vegetated basin =2 richer sub-surface
flow and baseflow
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Basin controls: effects of geology and shape

geology controls the formation of the DENDRITIC PARALLEL
drainage network structure NETWORK NE TWORK
(most frequent, (steep slopes,
W effects on homogenous outcropping elongated
» drainage density geology) resistant rock bands)

L storage capacity of the network
L runoff/streamflow travel path

7 impact on
* runoff concentration

 basin time response

shape controls the SRR
temporal dynamics of
basin response

v
effects on hydrograph
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Anthropogenic controls

* water exploitation through
infrastructures modifies streamflow
(and sediment transport) regimes and
volumes by

_.
:
:
3

Annual flow

L storage and regulation (hydropower,
irrigation) § —

LN time
L abstraction (irrigation, water supply) beginning of ,
upstream dam operation

* basin topography changes due to agricultural practice and urbanisation
L local and average slope

L drainage network

* basin response changes due land use and vegetation cover changes (e.g.
deforestation, forest fires, agriculture, ...)

L infiltration capacity and soil water storage
L evapotranspiration
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Streamflow measurement

Measurement of surface runoff is complex = not available

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

L water level, w u = velocity

— 0O=u-A

|

steady state

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

Streamflow, Q(t), is a flux = [L]3[T]t = [m3/s], [m3/day], ...

Data are typically available in the form of
L water levels

L flows (= discharge) = hourly, daily, monthly, and annual flow
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Streamflow measurement: water level (1)

Water level measurements are both

F —

e continuous (from automatic devices) < and discrete (from manual readings)
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Streamflow measurement: water level (2)

Typical water level measuring devices are Tempgzan‘:;er\*" -
S’
* ultrasonic gauges =
g g —_ Pulse/(/ ) ggﬁg
* pneumatic recorders —~

Echo
Maximum Liquid Level

* floating counters

/N-ecorder house

‘. Measured Level ' Span

www.openchannelflow.com

recorder \

recorder chart ~ manometer
recorder __|| battery —_ v -
ot [ Y assembly
table || {OH - Eeres A\
ks ; Y I / gas
floating g cylinder
counter /| —
stage E

= = pier D’L:L
Stlulng / / B = %, P lastic tube [Chow et al., 1988]
well £ m

“intake orifice bubbling a continuous gas stream
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Streamflow measurement: velocity

Velocity is measured by means of

 current meters (propellers) —

 flow measuring structures
tracer

* acoustic doppler profiler immission

sampling
point

e chemical methods

* ultrasonic methods

7 i i .":j-;i?:".-:'f;
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Fall 1
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Streamflow measurement: from velocity and water level to Q

At n regular intervals along the cross sections:
* depth measurement, d;

* velocity measurements at two depths (0.2d;
and 0.8d;)

* compute the discharge by integration

velocity

measuring points
(0.2 and 0.8 d)

......

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

My i=1 —' Aw"\'_ - n Jﬁm stage-discharge relationship
v Qﬁ (rating curve)
N
L *
depth d, T velocity measuring S
points (0.2 and 0.8 d)
n
Q=p v.-d -Aw,

*
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Rating curve: remarks

A rating curve is valid as long as

* the cross section does not change

* for steady state conditions

2

 periodical check of cross-section and update of the rating curve are necessary for high quality data

* measurements in flood conditions are difficult = extrapolation of the curve outside the calibration
observation range is dangerous

ETH:rich
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Discharge

7
“ v B,

measurement o

station (BAFU)

» water level (pressure

gauge)
* velocity (propeller)
 stable cross-section

© P. Burlando
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propeller
operating
station
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pressure gauge
electronic components

drum chart

compressor

© P. Burlando
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Streamflow data sources

Streamflow measurements are collected / elaborated by hydrologic agencies
* in CH > Hydrology Division of the Federal Office for the Environment

Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Schwei he Eid haft
9 i Departement fiir Umwelt, Verkehr, Energle und Kommunikation

Startseite | Ubersicht | Kontakt | Auswahl drucken |

Umweltzustand | Dienstleistungen | Dokumentation | Das BAFU
Suchen auf der BAFU-Website

Hydrologische Grundlagen Startseite > Hydrologische Grundlagen und Daten | [ Suchen |
und Daten Diese Seite drucken | Seiten zum Drucken auswéhien

Erweiterte Suche

Kontakt
= Abteilung Hydrologie

Aktuelle hydrologische Daten
Vorhersagen und Warnungen
Services und Links

Extremereignisse und Statistik Umweltzustand
Messnetze
Informationssysteme und
Methoden
Rechtliche Grundlagen Thema Hydrologische Grundlagen und Daten
Fachstellen/Vollzug
Publikati Das BAFU betreibt verschiedene Messnetze und liefert damit aktuelle Informationen, - p

u onen langfristige Datenreihen und umfassende Synthesen zu Abfluss, Wasserstinden und s ik & 1]
Mitteilungen Wasserqualitdt von Fliilssen, Seen und Grundwasser. Die warmsten Fliessgewédsser
150 Jahre Hydrometrie in der der Schweiz (storymap)
Schweiz = Umweltzustand: Wasser

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

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Startseite | Ubersicht | Kontakt | Auswahl drucken |

Departement fiir Umwelt, Verkehr, Energle und Kommunikation

Umweltzustand | Dienstleistungen | Dokumentation | Das BAFU

Hydrologische Grundlagen
und Daten

Aktuelle hydrologische Daten
Vorhersagen und Warnungen
Services und Links

Hydrologisches Jahrbuch

Suchen auf der BAFU-Website

Startseite > Hydrologische Grundlagen und Daten > Services und Links > Hydrologisches Jahr... [“suchen ]
Diese Seite drucken | Seiten zum Drucken auswéhlen | J (=] [§ 5 £§ @

Erweiterte Suche

HydroWatch Im hydrologischen Jahrbuch der Schweiz werden die Messdaten aller Stationen, die vom

Kantonale Daten
Internationale Daten

BAFU betrieben werden in Form von Tabellen, Grafiken und Karten veréffentlicht:
Wasserstiande von Seen und Grundwasser, Abflussmengen, Wassertemperatur,
Schwebstofffiihrung sowie physikalische und chemische Merkmale von Fliessgewdssern.

Meteorologische Daten
rolog Seit seiner ersten Verdffentlichung 1917 wurde dieses Dokument laufend an neue Bedurfnisse
Hydmiogisches Jshrbuch und neue Datenverarbeitungsverfahren angepasst. Die Jahrbiicher kdnnen beim BAFU
Kantonale Jahrbiicher

Individuelle Datenlieferung

IHydroIogisches Jahrbuch der Schweiz 2008 12009

bestellt werden. Seit der Ausgabe 1996 liegt das Jahrbuch jeweils auch im PDF-Format vor.

Kalibrieranlage
Extremereignisse und Statistik Publikationen Hydrologie - Altere Jahrbiicher
Messnetze Altere Jahrgénge ab 1978 kénnen bestellt werden unter der Adresse
m::z:"”vmm und hydrologie@bafu.admin.ch. Preis pro Band: CHF 60 bis 85.

Rechtliche Grundlagen
= Weitere Informationen:
Fachstellen/Vollzug

Publikationen

Mitteilungen 12.11.2009 | 1508 KB | PDF
150 Jahre Hydrometrie in der

ﬂ Karte der eidgenéssischen hydrometrischen Stationen (2008)

Schweiz 'D Verzeichnis der eidgendssischen hydrometrischen Stationen auf Ende 2008

12.11.2009 | 1995 KB | PDF

ﬂ Verzeichnis der bis 2008 aufgehobenen Stationen

12.11.2009 | 2445 KB | PDF

Hydrologische Jahrbiicher anderer Herausgeber:

Kantonale Jahrbicher

E= Hydrologischer Atlas der Schweiz HADES
E Deutsches Gewdsserkundliches Jahrbuch

= Hydrologischer Atlas von Deutschland

= Hydrologischer Atlas Osterreichs

Kontakt: hydrologie@bafu.admin.ch
Zuletzt aktualisiert am: 07.01.2013

ETH:rich

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

ETH:lirich

> Umwelt-Wissen > Hydrologische Daten
> Connaissance de I'environnement > Données hydrologiques
> Studi sull’ambiente > Dati idrologici

> Hydrologisches Jahrbuch der Schweiz
> Annuaire hydrologique de la Suisse
> Annuario idrologico della Svizzera

Schweizerische Eidgenossenschaft Bundesamt fir Umwelt BAFU

Confédération suisse

Office fédéral de |‘environnement OFEV

Confederazione Svizzera Ufficio federale del'ambiente UFAM

Confederaziun svizra

Uffizi federal d’ambient UFAM
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Streamflow data sources: hydrological yearbook

ETH:rich

Dritter Teill
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Débits
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Streamflow data sources: hydrological yearbook

daily data
Abfluss Thur - Andelfingen LH 2044
Débit Koordinaten Hohe R Flache Mittlere Hohe B Vergletscherung
Coordonnées 693510 /272500 Altitude 356 m G.M. Surface 1696 km* Altitude moyenne 770 m G.M. Extension glacier - %
Portata Coordinate Altitudine Superficie Altitudine media Ghiacciaio
Jan./Janv. [Febr./Févr.| Marz/Mars | April/Avril | Mai/Mai | Juni/Juin | Juli/Juillet | Aug./Aolt |Sept./Sept.| Okt./Oct. | Nov./Nov. | Dez./Déc.
2008 Genn. Febbr. Marzo Aprile | Maggio | Giugno | Luglio | Agosto Sett. Ott. Nov. Dic.
1 15.1 18.8 87.6 61.6 659 +| 329 16.4 224 17.1 114 749 225 1
2 14.1 27.1 108 60.0 52.3 237 14.2 34.1 16.5 11.2 75.7 30.8 2
. 3 128 -| 280 74.5 734 47.6 30.2 14.3 25.3 14.0 11.3 55.6 316 3
Tagesmittel 4 13.0 22.0 57.9 69. 46.8 322 451 19.2 28.9 29.2 418 26.9 4
" 5 15.0 22.3 453 58.7 47.7 727 253 17.8 26.3 276 328 332 5
oyenne
jou¥naliére 6 48.0 249 36.8 759 448 46.9 16.0 223 16.8 20.8 27.0 439 6
7 127 +| 552 +| 314 85.8 41.6 52.1 29.0 18.5 74.0 24.2 232 56.7 7
Media 8 126 40.2 28.1 62.1 394 37.2 30.4 241 86.6 28.0 219 449 8
giornaliera 9 59.9 309 247 -| 490 -| 385 309 20.8 18.5 40.6 19.8 19.1 355 9
10 433 24.7 29.3 67.2 38.7 27.0 154 14.0 274 15.7 175 322 10
11 36.6 219 47.1 823 384 61.2 133 - 125 -| 214 14.0 16.8 30.3 11
12 334 204 98.6 106 375 65.0 31.0 20.8 19.7 12.8 16.4 28.2 12
13 40.2 18.6 188 +| 713 346 114  +| 98.0 36.5 42.0 11.5 20.2 27.3 13
m?/s 14 33.2 17.1 90.3 58.1 31.8 82.2 242 +| 277 239  +| 116 218 25.6 14
15 294 16.5 94.4 59.1 31.9 48.0 141 725 127 10.7 18.0 274 15
16 26.1 15.6 65.8 69.6 37.1 36.5 64.2 370 +| 839 16.7 156 -| 304 16
17 25.3 144 81.6 61.5 32.1 35.6 103 103 52.3 157 18.7 31.0 17
18 31.3 13.6 120 53.4 39.0 36.7 141 58.3 41.8 66.6 31.3 28.7 18
19 475 13.7 68.7 54.7 53.5 344 66.9 38.6 30.3 37.8 225 26.8 19
20 52.6 133 -| 494 55.7 36.7 271 70.3 884 25.7 276 184 54.6 20
21 36.7 134 55.7 56.8 30.3 238 123 482 214 23.0 39.6 199  +| 21
22 47.0 16.7 79.5 379 +| 250 20.7 61.1 343 19.5 18.4 128 +| 169 22
23 75.1 21.2 60.3 347 22.2 20.0 40.9 55.5 18.5 227 51.0 92.6 23
24 422 19.2 48.5 175 213 - 19.7 31.9 78.2 16.4 20.9 39.8 67.2 24
o 25 349 214 45.0 126 238 18.7 26.3 50.3 15.3 17.0 36.2 51.0 25
aximum
Massimo 26 309 229 423 105 23.2 19.1 21.9 342 14.5 15.1 315 418 26
27 25.2 334 432 822 23.6 214 19.2 26.6 13.2 14.2 296 344 27
- Minimum 28 23.8 48.8 417 73.5 254 16.8 21.0 223 121 214 256 28.7 28
Minimo 29 21.7 30.2 51.3 96.6 26.5 149 - 17.9 194 11.9 70.9 252 251 29
30 20.0 80.1 824 26.8 16.1 21.1 17.2 115 -| 995 221 228 30
31 20.0 83.6 30.0 299 15.2 76.8 213 -| A
Monatsmittel
Moyenne mensuelle 39.0 237 -| 664 953 +| 359 37.2 52.0 46.6 39.5 311 339 459 m?/s
Media mensile
Maximum/Massimo
Spitze/Pointe/Punta 236 91.2 293 675 +| 753 -| 210 405 564 348 251 265 300 m?/s
Datum/Date/Data 7. 27. 13. 22. 1. 13. 14. 16. 14. 17. 22. 21.
Jahresmittel/Moyenne annuelle/Media annua 456 m’/s

ETH:rich
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Streamflow regimes
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perennial

Annual hydrograph 100000
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Examining the annual hydrograph allows to
identify the streamflow regime, e.g.
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Streamflow regimes in Switzerland

Abflussregimes Régimes d’écoulement s Ehbonton sieaies scriecn s 1:500000 ey i geieleriog astopogaatic, Waben-Bem
h ! i eme
’ " » m i it o nrit xS - yirape © Lindetriieg wd eoge,Ben 192
S et e ¢ o o, B 1992
Natlirliche Regimetypen' Einzugsgebiete den
Types de régimes naturels' Bassins versants Explications des diagrammes du régime

Alpine Regimes

Rétimes apins

> 10-soum

D> 25 in dor Regel st v
550km? en général taux de gaciaion teve

=5 50-500km?

[E==a] Apennordsie/Nord des Albes
R »atcioniml
S - —— 2 ininaipine
LI vy
Stion d mesure ' bsin rpriscondi (v ubss 1) Alpensidse/Sud des Aloes

pluvial supérieur

pluvial inférieur

pluvial jurassien

nival méridional

nivo-pluvial méridional
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HYDROLOGISCHER ATLAS DER SCHWEIZ
ATLAS HYDROLOGIQUE DE LA SUISSE
ATLANTE IDROLOGICO DELLA SVIZZERA
HYDROLOGICAL ATLAS OF SWITZERLAND

W
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source: Hydrological Atlas of Switzerland
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Streamflow regimes in Switzerland

nivo-glaciaire pluvial jurassien

\\
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Streamflow (macro)regimes in Switzerland

cGLAZIAL
sNIVAL
NIVO-PLUVIAL
PLUVIAL

Jrienze
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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.
Duration of Q* > Z T, —
i
The construction of the curve is 4 0.5 1
frequently done using daily data: ' '

’ F(Q) = PrlQ<Q’]
1. for each year sort the daily data in

descending order
& highest flow exceeded for 1 day,

2"d highest for 2 days, ..., lowest
for 365 days.

discharge [m’/s]

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

0 N 182 274 365

3. plot the flow duration curve using duration [dayS]
the averaged flow for each ranking
position

Pr(Q=Q*] = D(Q*)/T =D*/T; Pr[Q<Q*]=F(Q)=1-D*/T

ETH:zlrich Hydrology — Land Processes (surface runoff and streamflow) - Autumn Semester 2016 34



Streamflow data sources: hydrological yearbook
daily data - flow duration curve

Ganglinie der Tagesmittel ) --- Dauerlinie der Tagesmittel (erreicht oder Uberschritten) . ) » Jahresmittel
Hydrogramme des moyennes journaliéres Courbe des valeurs classées moyennes joumaliéres (erreicht oder tberschritten) = Moyenne annuelle
Andamento delle medie giornaliere Curva di durata delle medie giornaliere (erreicht oder Gberschritten) Media annua T
31 60 o1 121 152 182 213 244 274 305 335 366 Jours
400 Giomi
\
1
300 |}
I
md/s |
200 |,
\
\
100 [ | "N | . \ b I |
0 T T T T I T T T T T T T I“_ T I_ T I— a T _.l = T T '-—I T -—-I-T-‘
| Il ] v \ Vi Vil Vil IX X Xl Xl
Periode/Période/Periodo 1904 - 2008 (105 Jahre/années/anni)
Monatsmittel
Moyenne mensuelle 40.0 433 54.6 63.1 +| 588 56.9 50.5 435 40.1 330 - 38.6 412 m’/s
Media mensile
Maximum/Massimo
Spitze/Point/Punta 808 850 630 675 1130 +| 1100 730 1060 780 600 -| 720 892 m?/s
Jahr/Année/Anno 1914 1990 1978 2008 1999 1910 1977 1978 2002 1935 1944 1918
Min./Tagesmitt./Moy.
jour./Media giorno 4.60 6.42 6.40 109 + 5.90 5.40 470 275 2.24 - 3.30 3.83 422 | mis
Jahr/Année/Anno 1954 1950 1932 1972 1934 1934 1949 1949 1947 1949 1947 1948
Grosstes Jahresmittel Mittlerer Abfluss Kleinstes Jahresmittel
Moy. annuelle la plus grande 76.4 (1910) m¥/s Débit moyen 470 mils Moy. annuelle la plus petite 233 (1921) m¥/s
La piu grande media annua Portata media La piu piccola media annua
Dauer der Abfliisse (erreicht oder Gberschritten) Deébits classés (atteintes ou dépassées) Durata delle portate (raggiunte o sorpassate)
Tage/Jours/Giomi 1 3 6 9 18 36 55 73 91 114 137 160
2008 379 347 199 169 123 85.8 734 61.6 55.2 471 40.2 349 m?/s
1904 - 2008 382 260 202 172 130 95.7 77.5 66.1 57.6 493 426 373 m/s
Tage/Jours/Giomi 182 205 228 251 274 292 310 329 347 356 362 365
2008 31.3 28.7 26.1 232 214 19.7 17.9 15.7 14.0 12.8 115 11.2 m?/s
1904 - 2008 33.0 28.9 253 219 18.9 16.7 144 12.0 9.32 7.60 5.87 383 | ms

Seit dem 25. Juli 2001 wurden die Pegelstande an einem Hilfspegel in Alten aufgezeichnet.
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Infiltration

example of application of knowledge

Engineering Problem:

L 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

L Compute the flow duration curve from daily historical streamflow observations
and read on the plot the duration corresponding to the water demand

Method

L flow duration curve

ETH:rich

discharqge [m?/s]

FQ) = Pr{Q<Q’]

& 05 | 1_4‘>
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/,’
/
Q*
0 91 182 274 365

duration [days]
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Infiltration

example of application of knowledge

Engineering Problem:

L 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

L 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

L flow duration curve

ETH:rich

discharqge [m?/s]

4 0:5 | 1_4‘>
= “1r@) = PriQ<a’]
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duration [days]
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Flood hydrograph analysis
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Flood hydrograph analysis - nomenclature

time
. 1 — hydrograph components
-i — AB - baseflow recession
3 \ — BC - rising limb
3 sroam
R NYDROGRAPH — (D - falling limb

— DE - baseflow recession
— 1, - rime to peak

- \/P - flood volume

discharge

— @, > flood peak

The analysis is conveniently carried out
> - in a semi-log plane (InQ-t), where the

l— t'p —H \ time baseflow recession shows a linear
Volam(-/ Vf

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

L baseflow separation methods = 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. ®-index)

InQ(t) & | 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

DIRECT RUNOFF

> * applicable to ephemeral streams

t
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Baseflow separation (2) STRAIGHT (INCLINED) LINE METHOD
In Q(t) 4

* an inclined line is drawn from the beginning
point of the surface runoff, B, with the point
DIRECT RUNOFF 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
In Q(t) ,} B PEAK VARIABLE SLOPE METHOD
S

» extrapolation (forward) of the baseflow
recession curve up to t, > e—

I INFLECTION

—
POINT » extrapolation (backward) of the baseflow
| recession curve up to t; > «—e
\ * connection of the extrapolated curves > —o
* accounts implicitely for interflow
? * applicable to systems with threshold driven

interflow
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Baseflow separation: normal depletion curve

* it is based on the evidence of the exponential decay of

Aln Q(t) the recession limb

INFLECTION L linear reservoir analogue

POINT

()= Qy-e ™ (¢)
DIRECT RUNOFF
A where Q, is the flow at time 7, a nd k is an exponential decay
Pras constant having the dimensions of time.
; : \ * the equation is linearized in a semi-log (In Q(t) — t) plane
L ; & * twoinclined lines can be drawn
t t L forward from the beginning point of the surface runoff, B,

to the time of the inflection point, and ¢—e

L backward from the point on the recession limb of the
linear reservoir analogue hydrograph where normal baseflow resumes to the time of

the inflection point. o___

T _ oo * the estimation of k is obtained by fitting the linearized
S(t)=k Q(t) (e°) oo
S(t) form of (*) to the flow values of the recession limb
— Q(t)  accounts implicitly for interflow (inclined straight line)

combining (e®) with the continuity , . .
equation -Q(t)=dS(t)/dt we obtain (¢) * applicable to watersheds where interflow is controlled

by soil storage
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