mation of subdaily riparian evapotranspiration from high frequency streamflow data
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Abstract: Obtaining accurate evapotranspiration rates of riparian ecosystems is very important for natural protection tasks and water resources management. Diurnal patterns of stream baseflow (which can be
detected only by high frequency streamflow rate measurements) incorporate useful information for the characterization of hydro-ecological systems. A new technique was developed to calculate
evapotranspiration rates in the riparian zone from the stream-baseflow diurnal signal. This method utilizes the water balance equation and a linear reservoir model for the subdaily estimation of groundwater
evapotranspiration. The calculations require only basic geometric characteristics of the riparian zone (length, width), but no soil hydraulics parameters. The method was successfully tested with a dataset of the
Hidegviz Valley experimental catchment, (Sopron Hills, Hungary) and verified by numerical model experiments. Keywords:, diel baseflow signal, riparian evapotranspiration, linear reservoir model
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Principle of New Method and Validation by Field Dataset

. . 1 _ Groundwater (GW) replenishment rate (r)
: q 3 ' ' ' g - r maximal — in the afternoon
Riparian Zone £ r minimal— in the morning
2 E & |oem - __
T~ E 2 =N
T s 5 o ome o o - _____ Simplified Water Balance for rip zone
E &
= - . . . —— 'E' g _
E 9 : i : ree s o0 © L-®__e___@®_ _o_ _ __ dS dWT
E ST - - : : $ —_— = WT)—-A. = — - A
oI Stream EE':I"' | i n ’;"'1.1 :.r"'-,,‘ .'rt\ n [~ 2ol --- - _ _ ___ dt Sy (t’ ) dt Anp Qn et ET A”p
H GW level qomne GW Well E...."""_'"_T__; o _qlll.I Ga % E ) JT{_ “‘\ :‘j _.I.l"_',!_ . rlr 1‘\‘ - J:' I.':l-’:.?; _": .“\ ED:)EL -:];, ..T- -1_-[];_-{); -.-l _ .2_{};_[]5
| aftemodl~————— S e el F T S S | | | Diel GW and Baseflow signal
Qireambed level i El S ' dq_o/dt [m"3/felora"2/m] . ..
, | . i , , , At maxima and minima dS / dt =0,
GW replenishment — E L3 2 Figure 6. The dq0 / dt vs qO0 values (dots) with the fitted o _
3 4 first-order polynomials (one line per day) from the late- dS/dt >0 and Qnet > ET at rising limb,
£ g E night hours dS/dt<0and Qnet<ET at falling limb.
: - E
. o T Late night period Water Balance and
Figure 4. Schematic model of the riparian zone Figure 5. Daily mean ET rates by month of the original diel method Linear Reservoir model combination
(ET_gmax); the Penman—Monteith (ET_PM) method, as well as the dsS 1 dQ
) | | | | - upgraded White method (ET_rip) for the 2005 growing season. d’[r =Q-Q,=Q., Q,= T S, T* dto =Q —Q,
§ 3" 2 2 2 - g Combination of above equation and
E : - - - L 8§ E . .
397 - Jﬂ - ’ﬁ o C = Darcy law in a linear form and
o ﬂ T L L g & making regression (Fig. 6) for late night periods
23 May 24May 2&5May 26 May 27 May 3 -+ T
E. 2 | | | | i ° E. t e =] 8 ET_gmax—ET_gw + ‘T' @ 2 * k * H T * 8q0
-'%_‘ ‘% + 5 ET o =] . + ET_gmax-ET_FM + . qo — _
ég -8 E 2 o - T oM o= T g 29 a b b ot
r; i E E - = 2 J%gu ’ + ’ — T 1 — 1
a g g & e | By ig g LA 0 e W W
~ 18Jd 19 204 2dul 2ul o = - o E i o - * ? :n__; :‘ﬂc . ] ] .
£a. ' ° % T | o 8 i .. X A Equation for ET calculation (Figure 5.)
LA -g% gi"ﬁf' _N_E' g 0 ++;c.8u ° . +
E < -8 m = W o +4 o
b - L ” | »E ET -2b=q_ ~T*3 x2.k.H—q[2+1|-T*%
W g g W - 2 A O gw net 8’[ 0 W
29Aug 30Aug  31Aug 01 Sep 02 Sep - = I %ED
= - - 8 = May  Jun Jul Aug  Sep  Ocl Sdee 4 .. . .
I N ey | S e . . . Compairison with other methods (Fig. 7. 8. 9.)
"E‘ - : : |y T 0.0 0.2 0.4 0.6 0.8
£ 34 E J}\ Z Z ﬂ\ Z S E ET_gmax [mmidsy] o7 ( )/
R SRR O | -8 : — max — .
G oo A RV Jg ﬂ =l g @ Figure 8. Monthly mean daily ET rates of the Q max-Q (Flgure 5-) Q Q A”p
230ct  240ct 250t  260ct 270t rainless periods by the different methods Figure 9. Cc_xmparison of daily ET rates of the Penman-Monteith Ref. ET
Figure7. Comparison of the present 30-min ET estimates (ETgw) with rainless periods by the different methods A (R _ S) L pec (E i e) 1/t
those of the Penman—Monteith (ETPM) and gmax (ETqgmax) L.E= 0 P p a
methods for four selected 5-day periods of the 2005 growing A+ ?/ N (1 + rc/ ra)
season.
Validation by a Numerical Model (FEM)
Governing equation Parametrisation
\ *Site specific characterisation of hydraulic g
o oh o oh oh °
~ K(LP) ol o K(\P) T |tSs=Mm-y - — parameters. T 3 Acknowledgement
OX ox) oy oy ot : : = :
6 mm/day ET as a sin2 (t) shape diel water £ This research has been supported by funds from the ERFARET, OTKA NN79835,
. : . . ~§ 8 TAMOP 4.2.1/B-09/KONV-2010-0006, TAMOP-4.2.2.-08/1-2008-0020 projects and by
Wher.e K [LT-]" is the hydrau“C CondUCtlYlty (a uptake' = ° MTA Bolyai scholarship. Thanks to Mihaly Kucsara (University of West Hungary) for
function of the pressure head, LIJ); h [L] is the 'Boundary conditions: constant heads at 5 the many useful comments on a previous version of the text. We are grateful also to
: . : ° Péter Vig (University of West Hungary) for the micrometeorological dataset..
hydraulic head; m is the slope of the water stream (0.05 m) and at background (1.0 m). 8 g y gary) g
retention curve whlch becomes the coefflc.lent +10 days long modelling period. ST
of volume change in the saturated zone; s is -
the source/sink term which represent ET in e Figure 12. The synthetic diel baseflow
: . : : - ignal calculated by th del
this model; y is the unit weight of water; and x, T o ap Sigha’ calctiiated By the mode
y [L] and t [T] represent the horizontal, vertical o References:
and temporal coordinates | “ Gribovszki Z. - Kalicz P. - Szilagyi J. — Kucsara M., ,Riparian zone evapotranspiration
SR " 1 g o | —— estimation from diurnal groundwater level fluctuations” Journal of Hydrology (2008)
- Ll s g4/l L= 349, 6— 17 http://dx.doi.org/10.1016/j.jhydrol.2007.10.049
g ©
0.5 cl:: §. ]
c: 7 8 | Reigner, I. C. (1966) A method for estimating streamflow loss by evapotranspiration
.ﬂ i = from the riparian zone, Forest Sci. 12, 130-139.
0 . |:1 I | | I
R A S S R T T 24 248 248 20 Troxell, H. C.: The diurnal fluctuation in the groundwater and flow of the Santa Ana
X Time River and its meaning, Trans.Amer. Geophys.Union, 17: 496-504, 1936.,
Figure 10. The model domain Figure 11. The calculated hydrauilc head Figure 13. Comparison of ET calculated from synthetic dataset ‘ o . .
distribution by the new method and ET used in the model as input. White, W.N.: Method of Estimating groundwater supplies based on discharge by

plants and evaporation from soil — results of investigation in Escalante Valley, Utah —
U.S. Geological Survey. Water Supply Paper 659-A., 1932.


http://dx.doi.org/10.1016/j.jhydrol.2007.10.049
http://dx.doi.org/10.1016/j.jhydrol.2007.10.049

