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Abstract. While a large number of non-linear hillslope and results represent a step forward for the Hermine catchment
catchment rainfall-runoff responses have been attributed tas they point towards depth-specific processes and spatially-
the temporal variability in antecedent moisture conditionsvariable triggering conditions that are not controlled by to-
(AMCs), two problems emerge: (1) the difficulty of measur- pography. Further investigations are, however, necessary in
ing AMCs, and (2) the absence of explicit guidelines for the order to derive general guidelines for the choice of the best
choice of surrogates or proxies for AMCs. This paper aimssurrogates for AMCs in a catchment.

at determining whether or not multiple surrogates for AMCs
should be used in order not to bias our understanding of a sys-
tem hydrological behaviour. We worked in a small forested 1
catchment, the Hermine, where soil moisture has been mea-
sured at 121 different locations at four depths on 16 occap large number of non-linear hillslope and catchment

sions. Without making any assumption on active processeSsinfall-runoff responses have been documented around the
we used various linear and nonlinear regression models (i.§yor|g (e.g. Wipkey and Kirkby, 1978; Sidle et al., 1995;
linear, quadratic, cubic, exponential, logarithmic and logis- g ttle and Peters. 1997; Buttle et al., 2001: Van Meerveld
tic) to evaluate the point-scale temporal relations betweerynq McDonnell. 2005 Tromp-Van Meerveld and McDon-
actual soil moisture contents and selected meteorologicalye| 2006a: James an’d Roulet, 2007). Justification for such
based surrogates for AMCs. We then mapped the natur@yqrjogical responses often lies in the temporal variabil-

of the “best fit" model to identify (1) spatial clusters of soil j; in storm size or antecedent moisture conditions (AMCs)
moisture monitoring sites whose hydrological behaviourwas(Longobardi et al.. 2003: Mishra et al.. 2005: James and

similar, and (2) potential topographic influences on these begqjet, 2009) and the spatial connectivity between source
haviours. Two conclusions stood out. Firstly, it was Shown 5e5s Soil moisture is often described as a major control

jchat the sole reference to AMCs indices trad?tionally usedg catchment response (e.g. Meyles et al., 2003; Western et
in catchment hydrology, namely antecedent rainfall amountsy| ' 5004; Western et al., 2005). It is notably used to deter-
summed over periods of seven or ten days, would have led thine whether a catchment is in a dry and spatially disorga-
an incomplete understanding of the Hermine catchment dyyized or in a wet and connected state (Grayson et al., 1997).
namics. Secondly, the relationships between point-scale soiatchment AMCs are most often associated with soil mois-

moisture content and surrogates for AMCs were not spatially re contents over a fixed antecedent temporal window that
homogeneous, thus revealing a mosaic of linear and nonling;, pe defined as:

ear catchment “active” and “contributing” sources whose lo-
cations were seldom controlled by surface terrain attributesy = [rg— x, 1o] 1)
or the topography of a soil-confining layer interface. These

Introduction

Wherery is the reference time andis the amount of time
to be subtracted to account for conditions observed before

Correspondence td5. A. Ali the reference time. Hence, AMCs are used for various pur-
BY (genevieve.ali@umontreal.ca) poses, from computing direct surface runoff via the Soil
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Conservation Service Curve Number (SCS-CN) methodol-et al., 2005), with the exception of a few studies based on
ogy (Mishra et al., 2005) to characterizing favourable condi-water table heights (e.g. James and Roulet, 2009). The num-
tions for hydrologic connectivity to occur (James and Roulet,ber of days since the last rainfall event is another proxy for
2009). AMCs that is seldom used in catchment hydrology (Kohler
The determination of a catchment AMCs remains difficult and Lindsey, 1951)
given the strong spatio-temporal heterogeneity of soil mois- Several questions arise concerning the selection of a proxy
ture across any typical catchment and the relative scarcity ofor AMCs for a specific catchment. For instance, with
spatially-detailed soil moisture data in comparison to rainfallregards to antecedent precipitation, what duration of an-
or streamflow data that are more accessible. Owing to thestecedent temporal window should be used? The term “an-
difficulties, several practical approaches have been proposei#cedent” is broadly used in the literature and refers to dura-
to define surrogates or proxies for AMCs. Precipitation- tions from one hour to 30 days. Antecedent temporal win-
based indices have received the largest attention as rainfatlows of seven days (e.g. Woods and Rowe, 1996; Inamdar
data are often available (Longobardi et al., 2003). We hereand Mitchell, 2007; James and Roulet, 2009) and ten days
distinguish between antecedent precipitation (ABnd the  (e.g. Noguchi et al., 2001; Western et al., 2004) are relatively
antecedent precipitation index (APl AP, is simply the cu-  popular in catchment hydrology. Several studies have relied
mulative sum of rainfall recorded over any fixed antecedenton the dual use of ARy and AR (e.g. Sidle et al., 1995; Vi-
temporal window as defined in Eq. (1). The ARds put don et al., 2009). The curve number (CN) method considers
forward by Kohler and Lindsey (1951) is rather a weighted rainfall over a 5-day long antecedent temporal window (SCS,
summation of daily precipitation amounts recorded since thel956), an approach taken up by some hydrological model-
last rainfall as described in Eq. (2): ing studies (e.g. Brocca et al., 2008). Silveira et al. (2000),
however, compared the single use of 5-day antecedent rain-
APly = APl -1+ Py—1-exp(—a A1) @) fall with the coFr)nbined use o%‘ 15-day antecgdent rainfall and
Where At =t, — 1,1 is the time {) elapsed between the potential evaporation and found no significant differences be-
end of the previous rainfalP,_1 and the beginning of the tween the two approaches. While working in a semi-arid en-
next oneP,, and« is a parameter equal to the inverse of vironment, Frot and van Wesemael (2009) argued that the use
the characteristic time of soil moisture depletiaitt). Ac- of a 48-hour long antecedent temporal window was not ap-
cording to Kohler and Lindsey (1951), precipitation-based propriate to explain the differences in runoff for events with
indices are universally applicable and yield good results prosimilar precipitation characteristics and rather chose an an-
vided that they are used in conjunction with season of thetecedent period of 20 days. Within the antecedent window,
year or temperature. Basin evaporation (Longobardi et al.several scenarios can occur as there may be no rainfall, a sin-
2003) and the soil moisture index (SMI), which only includes gle rainfall event, or multiple storms. These events will or
potential evaporation and other climatic factors in its formu- will not be accounted for depending on the chosen duration
lation (Mishra et al., 2005), have also been described as pofSalvadori and De Michele, 2006). Thus, Seeger et al. (2004)
tential proxies for AMCs since they relate to soil moisture used a large selection of antecedent windows (i.e. 6 h, 24 h,
depletion. Given the findings that pre-event water can playand 3, 7, 15 and 21 days) in order to discriminate the ef-
a substantial role in rainfall-runoff response (e.g. Sklash andects of short-term AMCs from those of long-term AMCs in
Farvolden, 1979; Pearce, 1990; Rice and Hornberger, 1998 small headwater catchment. The wide range of antecedent
Kirchner, 2003) and given the wide availability of streamflow temporal windows in the literature is unavoidable as there
data, the antecedent baseflow index (ABFI) (Mishra et al.,are no explicit guidelines available to specify the relations
2005) and other measures related to discharge recorded jubetween soil moisture content and antecedent rainfall during
prior the reference time (Kohler and Lindsey, 1951; Longob-a specific time period (Mishra et al., 2005). Moreover, the ef-
ardi et al., 2003) have been proposed as surrogates for AMCdectiveness of surrogate measures for AMCs may be highly
Kohler and Lindsey (1951) have advocated that baseflow-dependent upon climate characteristics and scale of observa-
derived indices provide reasonably good results in humid andion. However these issues have yet to be addressed if we are
sub-humid regions; however, such as the APhseflow in-  to decide between a universal or a regional proxy for AMCs.
dices are strongly dependent upon season of the year and One can also ask if it is reasonable to use a sole mea-
do not necessarily reflect short-term changes in a catchmergure of AMCs for a given catchment. Several authors (e.qg.
state. Several authors have emphasized the relative advaGappus, 1960; Betson, 1964; Hewlett and Hibbert, 1967;
tage of the ABFI in comparison to antecedent rainfall not Dunne and Black, 1970; Aryal et al., 2003; Ambroise, 2004)
only because it reflects both shallow soil moisture and deepehave shown that storm runoff usually originates from consis-
groundwater conditions (Young and Beven, 1994) but alsatent parts of a catchment that often represent a small frac-
because it does not force the choice of an antecedent tempdion of the whole topographic drainage area. This has been
ral window (Mishra et al., 2005) and it is a better predictor of observed in a range of climatic regimes. Soil moisture is
runoff generation (Longobardi et al., 2003). Nonetheless, the critical hydrological state variable whose spatiotemporal
ABFI is not often used in the hydrological literature (Mishra variation indicates the presence of “active” or “contributing”
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Table 1. Links between surrogate measures for AMCs and hydrologically relevant observations from other studies focusing on the Hermine
catchment. % x” means that a strong significant correlation was found, fheans that rather weak correlations were found, and blanks
mean that no significant correlations were found.

Significant correlations identified with surrogate measures for AMCs

Hydrologically relevant observations in the Hermine catchment PET 1 ARP, APs AP; APjg AP APy DSP DSRyg DSBgy DSPi

Spatial connectivity of locations whose volumetric soil X X
moisture content exceeds 30%
Source : Ali et al., 2010d

Development of spatially coherent saturation patches on:
- Areas of 0.85 to 1.4 ha at a depth of 15cm X X
- Areas of 0.85 ha and less at a depth of 45cm X X
- Areas of less than 0.1 ha at soil depths of 5, 15, 30 and 45cm X X

Source : Ali et al., 2010a

Relative contribution of geographic sources (e.qg. riparian X X X
versus upslope throughfall, organic and mineral soil water) to

streamflow

Source : Ali et al., 2010b

Presence of high magnitude and quick timing rainfall-runoff X
events
Source : Ali et al., 2010c

PET: Mean daily evapotranspiration computed after the temperature-based Hargreaves formula (Hargreaves, 1975)
DSP: Number of days since the last rainfall input

DSPyg, DSPy, DSP3p: Number of days since the last rainfall intensity exceeding 10, 20 and 30 mm/d

AP1, AP,, APs, AP7, AP1g, AP12, AP14: Cumulative precipitation from 1, 2, 5, 7, 10, 12 and 14 days before the survey

areas or periods (Ambroise, 2004), and this relates to hybehaviour of the system. Such a statistical analysis on data
drologic connectivity. Dynamic connectivity of catchment from the Hermine catchment could be particularly useful as
source areas is controlled by the time-changing availabilityprevious studies show some inconsistencies in identifying a
of surface/subsurface storm water, not only in terms of mag-‘universal” AMCs surrogate measure (Table 1). For instance,
nitude but also in terms frequency, duration, timing and ratewhile characterizing the emergence of spatially coherent sat-
(Bracken and Croke, 2007). Disconnected “active” areas in-uration patches in the Hermine catchment (Ali et al., 2010a),
volve water fluxes that do not contribute to the global outputDSPsg (i.e. number of days elapsed since the last rainfall in-
at a catchment outlet, while “contributing” areas to catch-tensity exceeding 30 mm/d) appeared to be the most influ-
ment response are composed of spatially connected “activeéntial surrogate measure for AMCs: the smaller the value
areas. It is generally accepted that catchment structure anaf DSP;g, the more likely the presence of 0.85-1.4 ha wide
morphology are the main factors controlling not only the ac- saturation patches at a depth of 15cm. In a paper aiming
tivation of source areas but also their threshold-driven in-to identify hydrologically representative connectivity metrics
terconnectivity. From a spatially-distributed point of view, in the Hermine catchment, Ali and Roy (2010d) found that
the fact that all catchment areas are not “activated” at thethe spatial connectedness of locations whose volumetric soil
same time may indicate that they are responsive to differmoisture content exceeded 30% was rather dependent upon
ent antecedent conditions and/or storm events characteriAPy (i.e. 7-day antecedent precipitation). The relative contri-
tics. Similarly, the non-uniform contribution of source areas bution of sources (i.e. organic versus mineral soil water orig-
to streamflow may point towards different triggering factors. inating from riparian or upslope areas) to streamflow were
In that context, should multiple proxies for AMCs be used in also found to be weakly correlated to ABnd rather strongly
order not to bias our understanding of a catchment hydrolog<correlated to AR (Ali et al., 2010b). The occurrence of high
ical behaviour? magnitude and quick timing rainfall-runoff events was also
found to be coincident with 10-day cumulative antecedent
This paper investigates that specific question. We ex-precipitation amounts ranging from 24.5 to 40.5 mm (Ali et
amine the hydrological behaviour of a 5ha headwater temq., 2010c). These contrasting results have prompted the cur-
perate humid forested system, the Hermine, for which sevrent paper where we wish to examine with direct measures
eral catchment-wide soil moisture patterns are availablewhether the use of different AMCs measures lead to differ-
The approach relies on point-scale temporal relations beent approximations of the Hermine catchment hydrological
tween actual soil moisture content values and selectediate.
meteorological-based indices so as to identify the surrogates
for AMCs that are best suited to characterize the hydrological
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(A) Study site localization (B) Hermine catchment particular features

(C) Elevation above the catchment outlet (m)

—— Hermine catchment limits 30
, CE |
———  Mainstream .......!.... 25
1 Y | I |
2} Hermine catchment outlet =.=9HHI_”_ Eg%g===== 20
E 1 I I [ 15

1 Y Y

= = - Intermittent gullies

& e g 10
——  Wet zone limits ..==... oo 5
—_—

(D) Depth to the confining layer (cm)

50

ON EEE 45

(1 1 O 0
(0 [ T [

(0 5 ) A O 35

(0 S O O T 5 30

(I ([ O Y [ |1 25

[ o O 20

zgllll 1 o 15

CIE] IR 10

O 100m 5

Fig. 1. (A) Location of the Hermine catchmer{B) Hermine catchment particular featuré€) Elevation above the catchment outlet; and
(D) Depth to the confining layer for each of the 121 soil moisture sampling locations.

2 Methods depend upon the asymmetric distribution of thick organic
horizons; hydrophilic regions are preferentially located on
2.1 Hermine catchment the northern, steeper hillslopes. Near-surface soil moisture

is also influenced by the catchment complex surface micro-
The Hermine is a 5.1ha forested catchment located irntopography due to fallen tree trunks and boulders at the soil
the Lower Laurentians 80 km north of Moaal, Qebec, surface. Other particular features of the Hermine include
Canada (Fig. 1a). The total annual precipitation to the re-ntermittent rills that are activated in very wet conditions
gion averages 1150 mmt(136 mm) over the last 30 years, (Fig. 1b) and a wet zone located in the upstream part of the
of which 30% falls as snow (Biron et al., 1999). The catch- valley bottom (Fig. 1b). Forest canopy is dominated by sugar
ment has a relief of 31 m and is drained by an ephemeramaple and other deciduous tree species. Thus, transpiration
stream (Fig. 1b). Soils are 1 to 2m deep Podzols develis minimal between October and April so that changes in soll
oped over a bouldery glacial till. The presence of a confiningmoisture and water table in that period are mostly governed
layer at a depth of approximately 75 cm in the soil restrictsby downslope drainage. The interception capacity of the for-
root penetration, slows water infiltration and thus enhancesst canopy, combined with high summer potential evapotran-
the probability of rapid lateral shallow subsurface flow. In spiration, greatly reduces the likelihood of high runoff ex-
wet conditions, catchment-scale soil moisture patterns highlycept during heavy rainstorms or wet and cool periods. Forest
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Fig. 2. Sample soil moisture maps obtained after three contrasted surveys in the Hermine catchment.

canopy is, however, variable throughout the catchment, withareas in the catchment. The depth to the confining layer
a lower coverage density in upper parts of the southern slopgas then extracted for each of the 121 sampling locations

near the catchment divide for example. (Fig. 1d), together with the values of all secondary terrain
attributes.
2.2 Topographic and soil moisture data Soil moisture contents at multiple soil depths were sur-

veyed using a portable 40-inch long rod equipped with a

A surface digital elevation model (DEM) of the Hermine was capacitance-based probe (AQUATERR Instruments & Au-
obtained by interpolating 640 elevation points collected intomation) that was manually pushed into the ground to the
the field. Elevation above the catchment outlet was then exdesirable depth. On 16 occasions between August 2007 and
tracted for 121 sampling locations defined along a 15 by 15 myuly 2008, volumetric moisture content in the top 5, 15, 30
sampling grid in the catchment (Fig. 1c). The depth to theand 45 cm of the soil profile was measured on a 0 to 60%
confining layer was measured at 257 points using a smalfcale along the previously defined 15 by 15m sampling grid,
hand auger that was forced vertically to refusal through thefor a total of 121 sampling points. Figure 2 illustrates the
soil profile. For each sampling location, three auger to re-contrast between surveys conducted at the Hermine, in terms
fusal measurements were made in a 1 m radius and checke?f measured soil moisture patterns for different AMCs and
for consistency to disregard data that are likely associatedlischarges at the catchment outlet (Table 2). In general, sat-
with the presence of individual clasts in the soil matrix in- Uration patterns tend to be more pronounced at depths of 5
stead of the targeted confining layer. Data were then interpoand 15cm rather than 30 and 45cm (e.g. Fig. 2). Also, in
lated into a subsurface DEM. In order to evaluate topographidvetter conditions, spatial patterns show higher soil moisture
influences on the spatial distribution of soil moisture, severalcontents on the northern slope of the catchment. The main
secondary terrain attributes were derived from both the survariability in the patterns is found from sampling time to
face and the subsurface DEMs: local slope, contributing aregampling time, as we observe a strong contrast between dry,
and the topographic index (Beven and Kirkby, 1979) weretransitional and wet conditions (Fig. 2).

computed using the & algorithm (Tarboton, 1997), while

the multi-resolution valley bottom flatness index (hereafter2.3 Surrogates for AMCs and catchment response

referred to as the Flatness index) was calculated after Gallant

and Dowling (2003). The Flatness index is derived from anFor each of the 16 soil moisture survey dates, 12 temperature-
elevation map and identifies flat and low regions at a rangeébased, precipitation-based, and soil moisture-based indices
of scales. Its largest values flag the broadest and flattest loTable 2) were derived in order to assess their potential to
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Table 2. Surrogates for AMCs, catchment macrostate and hydrologic response for 16 soil moisture surveys in the Hermine. See meaning of
abbreviations in text.

Date of survey AE AP2 AP5 AP7 APlO AP12 AP14

(mm)  (mm) (mm) (mm) (mm) (mm) (mm)
6 August 2007 0 0 4 4 36 36 36
13 August 2007 12 12 17 44 44 48 48
7 September 2007 8 8 8 8 8 22 44
14 September 2007 0 0 14 14 15 22 22
21 September 2007 0 0 0 18 22 32 32
28 September 2007 4 4 4 4 4 4 22
5 October 2007 0 0 0 6 10 10 10
12 October 2007 25 25 40 42 42 42 48
26 October 2007 0 0 15 43 43 43 67
2 November 2007 3 3 3 33 36 48 76
9 November 2007 0 0 17 17 20 20 50
20 May 2008 10 20 36 39 39 39 54
2 June 2008 2 21 27 29 29 49 61
17 June 2008 13 14 14 29 29 37 37
15 July 2008 2 3 19 43 43 54 59
21 July 2008 0 0 33 35 42 73 75
Date of survey DSP DSB DSPg DSP;g PET Omean QOobs

(d) (d) (d) (d) (mm/d) (% vol) (mm/d)

6 August 2007 0 0 0 9 2.61 33.8 0.66
13 August 2007 0 1 7 16 2.58 23.3 0.22
7 September 2007 1 9 15 41 3.15 27.0 0.05
14 September 2007 0 3 22 48 2.19 29.0 0.07
21 September 2007 6 6 29 55 2.07 27.7 0.06
28 September 2007 0 13 36 62 1.73 27.9 0.10
5 October 2007 7 20 43 69 2.40 17.3 0.09
12 October 2007 0 0 1 76 1.49 39.6 5.87
26 October 2007 3 3 7 90 1.33 23.1 0.91
2 November 2007 1 6 6 6 1.23 215 1.52
9 November 2007 3 3 13 13 0.86 211 1.71
20 May 2008 0 2 22 141 1.87 34.4 1.80
2 June 2008 0 2 35 154 2.89 30.0 0.83
17 June 2008 0 1 50 169 2.37 32.2 0.52
15 July 2008 1 3 6 197 2.51 315 0.42
21 July 2008 0 0 3 203 2.44 35.2 0.78

serve as surrogates for antecedent conditions estimated fromSPy and DSRBg indices were computed as the number of
the soil moisture measurements. Mean daily potential evapodays elapsed since the last rainfall intensity exceeding 10,
transpiration (PET) was computed on a diurnal timescale af20 and 30 mmd?, respectively. These indices were espe-
ter the temperature-based Hargreaves formula (Hargreavesially chosen for their computational simplicity and the ab-
1975). A first group of seven precipitation-based indicessence of mathematical parameters (e.g. soil moisture deple-
were used to capture the amount of rainfall added to the systion time) to be estimated. The ability of the survey mean
tem over a given period (AP,) prior to the time of interest.  soil moisture contentd(nean computed over all depths and
AP, APz, APs, AP, APy, AP1p and AR4 were, respec- sampling points) to represent the catchment macrostate was
tively calculated as the cumulative rainfall over the 1, 2, 5, also evaluated. Lastly, catchment discharges recorded on sur-
7, 10, 12 and 14 days prior to the survey. A second group ofvey dates (current-day discharges, hereafter referredgs
precipitation-based indices were used to reflect the time diswere used to portray the integrated hydrological response at
tribution of the antecedent water inputs. DSP (i.e. days sincehe catchment outlet.

precipitation) was computed as the number of days elapsed

since the last recording at the rain gage, while the 3SP
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Transposed soil moisture database

Sampling
locations Surrogate
2 #1 #2 #121 measure # 1
S
52 #1
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g E #2
3 %
ES #16
"8
RESEARCH QUESTION #1 . REGRESSION ANALYSIS _

< r 4

a) Data fitting using 6 different mathematical models
Linear, quadratic, cubic, exponential, logarithmic and logistic

Examine the spatial variability of hydrological
behaviours between point-scale soil moisture and

surrogate measures
b) Three-step decision on the best mathematical model
Methodology: Ranking based on R *and AIC
a) For each sampling location, identify the statistical / \2»
relationship type and strength between actual soil Best model Rg
moisture and the surrogate T . B
Relationship type Relationship strength

b) Build database to map relationship type and strength

results to assess spatial variability (Fig. 4,5 and 6) Results from STEP 1 for Surrogate measure # 1

Relationship  Relationship Terrain
type strength attribute
RESEARCH QUESTION 2 o M
Identify potential topographic influences on the £ 5 #2
spatial variability of hydrological behaviours g ‘é
]
Methodology: #121
a) Determine statistical difference in topography of e 3
regions with distinct hydrological behaviours (Fig.7 and 8) SPEARMAN
CORRELATION
b) Compute correlation between topography and € >
relationship strength KRUSKAL-WALLIS
TEST

Fig. 3. Methodological approach used in this papEﬁ refers to the adjusted coefficient of determination while AIC refers to the Akaike
Information Criterion.

2.4 Data analysis mine catchment macrostate, we rather considésggn to
be an independent variable while point-scale soil moisture

Our methodology intended to answer two research question¥/@s the dependent one. Lastly, in order to identify catch-
(Fig. 3). Firstly, we aimed to determine the nature and thement areas that might contribute to streamflow discharge, the

strength of the relationships between point-scale soil moisStatistical procedure detailed below was also applied using

ture (i.e. soil moisture measured at each sampling point) an@int-scale soil moisture as the dependent variable@#d

each of the AMCs and catchment response surrogates préS the independent one. No postulate could be made on the
viously described. We hypothesized that the identified re-form of the relationship between the dependent and the in-
lationships would illustrate the variety of point-scale hydro- dependent variables since no such exercise has been done
logic behaviours that can be encountered within the Hermind>€fore. Six regression models (i.e. linear, quadratic, cubic,
catchment. Secondly, we examined the spatial organizatio§Xponential, logarithmic and logistic), which represent six

of the nature and the strength of these point-scale relationdifferent types of possible relationships, were fitted to the
ships to link them with possible topographic controls. data and compared so as to select the one with the best fit.

For the determination of point-scale relationships, data'vIoolel equations can be written as follows:

cases were soil moisture survey dates (n=16). When theinear model (3)
aim was to evaluate the ability of AMCs measures to de-

. . . . 8 =a-X+b
scribe soil moisture patterns, the independent variable was
the chosen surrogate for AMCs and the dependent variable ) o ]
was the depth-specific, point-scale soil moisture content. IfRuadratiqmonotonic increasingmodel (4)
order to assess the potential @feanto represent the Her- Y = a-X?+b-X+c
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Cubic (monotonic increasingmodel (5) kept for further consideration towards choosing the best fit-
Y=a-X34b-X%4c-X+d ting model.

As a second step in the best model selection, the models
with an RZ exceeding 0.3 were ranked according to their cor-
rected Akaike Information Criterion value. The Akaike In-
formation Criterion or AIC (Akaike, 1974) is also a measure
of the goodness of fit of a mathematical model but on the
Logarithmic model (7) ~ contrary to theI?ﬁ, it i§ not groundgd in the statis'tical the-
ory of hypothesis testing but rather in the information theory.

Exponential model (6)

Y =a-e"X

Y =a+b-In(X) The AIC estimates the Kullback—Leibler information loss by

approximating the observed data with the fitted model (de-

Logistic model (8) tails regarding model selection using information theory can

_ c be found in Burnham and Anderson, 2002). The fit of any
T 1t qg-e X regression model to any dataset can be summarized by the

Where is the dependent variabl, is the independent vari- Akaike Information Criterion (AIC) defined by the equation:

able, andu, b, c andd are model parameters. There was no RSS
physical basis for the choice of the six mathematical mod-AlIC =N-In <_>+2K
els; the aim was rather to explore the dataset using different
models with various degrees of complexity. In each case, avhereN is the number of data points arid is the number
least squares-like regression method was used for all model®f parameters fit by the regression plus one. The definition
which means that the fitting of each model to the data hadPf | as the number of parameters plus one is justified by the
to minimize the squared differences between observed anffct that the regression is “estimating” not only the values
predicted values. Selection of the best mathematical mode®f the parameters but also the sum of squares. It is worth
among the six tested was then performed in three steps.  noting that the computation equation of the AIC consists of

First, the adjusted coefficient of determinatick?} was  two additive terms, namely one term representing the lack of
used to discard any model that would only explain a smallmodel fit to the data and another term related to the number
proportion of the variance in the data. Throughout this paper0f parameters; hence, the AIC can be seen as a measure of
we refer toR-square R2) as the proportion of variance in the both the accuracy and the complexity of the chosen model.
dependent variable that is explained by the chosen regressidi cases whereV/K <40 as in this study, a second order
model. It can be computed for any linear or nonlinear model:corrected AIC, hereafter referred to as A|@ used:

RSS 2K (K +1)

R2=1_¥S 9) AIC.=AIC+ Nk —1 (12)
where SS refers to a sum of squares. TSS is the total amouWhen comparing several mathematical models, it is the one
of variability in the dependent variable while residual RSS With the lowest AIC that is the best or that is most likely to
is the amount of variability that still cannot be accounted for be correct. Hence, in this study, mathematical models with
after the regression model is fitted to the data. Given that thén R exceeding 0.3 were ranked by sorting their associated
value of R? often increases when a nonlinear model is usedAIC. scores in ascending order, and the top-ranked model
instead of a linear relationship, the use of Rfgis more ade- ~ chosen as the best one.
quate in the context of multiple models evaluation and com- The third and last step in the best model selection process
parison as it assesses the goodness of fit while taking intgonsisted in confirming the choice made at the end of step 2.
consideration the numbers of degrees of freedom of the nulndeed, if the AIC scores between the top two-ranked mod-
merator and the denominator B (Legendre and Legendre, €ls are very close, there is not much evidence to choose one

(11)

1998): model over the other. We therefore used the following equa-
tion to compute the probability that the top ranked model is
2 2 N-1 indeed the best one:
N—k= o ~OS(AIC.,~AIC,,)
whereN is the sample size andis the number of param- w = 1 o OBAIC,, A, (13)

eters. HenceRDZl “penalizes” models bearing a large num-
ber of parameters. For the current analysis, if all six modelsThis probability can thus be seen as an uncertainty measure
failed to produce ang value exceeding 0.3, then the rela- as it expresses the likelihood that the top-ranked model is the
tionship between point-scale soil moisture and the surrogatéest among the set of models being evaluated.

measure being evaluated was labelled as “not significant”. The possible influence of catchment topography, both sur-

Otherwise, only the models with a?& exceeding 0.3 were face and subsurface, was studied with regards not only to the
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Fig. 4. Nature and strength of the relationships between point-scale soil moisture content amtl&Bs ¢ =1, 2, 5, 7, 10, 12 or 14 days)
used as surrogates for AMCR§ refers to the adjuste®-square.

nature (e.g. linear versus quadratic, versus cubic, etc.) bugate measures. When the p-value associated with the sta-
also to the strength of the point-scale relationships betweettistical test is less than 0.05, we reject the null hypothesis

actual soil moisture and surrogate measures. Nonparametrand suggest that the differences in relationship types can be
Kruskal-Wallis tests were run to assess whether the differenexplained by topography. Spearman correlation coefficients

types of point-scale relationships were spatially associatedvere also computed between the strength of the point-scale
with specific topographic properties. The Kruskal-Wallis test relationships (i.eR;‘; values) and the values of the terrain at-

is identical to one-way analysis of variance except that thetributes.

data are replaced by their ranks. Hence, it is used to com-

pare samples from three or more groups. The null hypothe-
sis states that all group medians are equal, while the alterna:’: Results
tive hypothesis states tha'F at least one group medign is dif'fer?.1 Point-scale relationships
ent from the others. In this study, each mathematical mode

is a group and we compare the topography underlying thg=ach symbol in Figs. 4 and 5 illustrates the best mathemat-
locations subjected to different relationships between pointica| model between point-scale soil moisture content and a
scale relationships between actual soil moisture and SUrrogiven surrogate measure. Following the three-step procedure
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Fig. 5. Nature and strength of the relationships between point-scale soil moisture content, PET, DSP andd®B ( =0, 10, 20 or
30 mm/d) used as surrogates for AMCs, @hgbanused as a surrogate for the Hermine catchment macro-gtéteefers to the adjusted
R-square.

previously described, it appears that on average, the modeld-ig. 4). Regarding the point-scale relationships between soil
chosen as the best ones had a probability of being correanoisture and AP (or AP,), exponential models dominate at
ranging from 52 to 100% (Table 3). Figures 4 and 5 illustratethe 15 cm depth while quadratic models rather dominate at
the spatial heterogeneity in the Hermine when it comes to thehe 30 and 45 cm depths. Itis at a depth of 30 cm that most lo-
relation between point-scale actual soil moisture measureeations with a significant relationship betweeniABr AP,)
ments and any catchment-wide, meteorological-based proxgnd soil moisture content measurements were found, with a
for AMCs. Figures 4 and 5 also show that the spatial patternsnean relationship strength (i.&2) of 0.4. With AR, lin-
are highly dependent not only upon the chosen surrogate foear and exponential models are mostly present at the 5 and
AMCs but also upon the soil depth considered. For instancel5cm depths while cubic and quadratic relationships make
only 10% of the soil moisture sampling sites at a 5 cm depthup most of the patterns at depths of 30 and 45 cm. Significant
are related to PET (Fig. 5). The best regression model forelations between APPand point-scale soil moisture content
that relationship is a quadratic one; howewd values do  measurements are the strongest (&:3% < 0.73) and the
not exceed 0.38. A similar result is obtained at a depth ofmost widespread over the Hermine catchment area. On the
15 cm where only 10% of the sampling locations are relatedcontrary, patterns associated with ARP19and AR 4 show
to PET, and that proportion drops to zero when depths of 30very few, if any, significant relations. Relationships between
or 45 cm are considered. AP1, and point-scale soil moisture content measurements are
For precipitation-based indices computed from cumulativeof interest not because of their magnitude but rather because
rainfall, especially AR, AP, and AR, linear relationships they are only made out from four to six locations confined
are mostly present at a 5 cm depth while nonlinear relationio the catchment southern slope (Fig. 4), which is opposite
ships tend to dominate from a depth of 15 cm and belowto the patterns associated with ARAP, and AR;. Indeed,
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Table 3. Catchment-wide average of Akaike weights or probabili- study arefa near the catchment divide (,F'g' 5). As for 5'9”'“'
ties associated with the best mathematical model chosen to illustraté@Nt relationships between DgFfand point-scale soil mois-
the relationships between point-scale soil moisture content and sutUre content measurements, they were the most obvious at

rogate measures. the 5cm depth with a mix of linear and exponential regres-
sion models.
Point-scale soil moisture For almost all sampling locations at all depths, significant
5cm  15cm  30cm  45cm relationships between soil moisture content measurements

andé meanare found (0.3% Rg <0.91). The vast majority of

surrogate . RAIN ~ 0.76 = 0.76 = 066 0.69 these relationships are linear, quadratic, cubic and exponen-

* *

meastires AEFT 0.2;583 0.2;383 088  0.89 tial (_Fig. 5). T_he pr_oport_ion of _sampling locations sharing
AP, 056 056 083 085 nonlinear relationships withmeanis 58% at a depth of 5 cm
APg 057 057 062 0.66 and reaches 66% at a depth of 15 cm and even 90% at depths
AP * 1.00 1.00 1.00 of 30 and 45cm. As far as the variab®ps is concerned,
AP0 ¥ * 059  1.00 the presence of statistically significant relations is highly de-
APz 079 079 056 057 pendent upon soil depth (Fig. 6). Atthe 5cm depth, very few
ggg‘ 055 0(')?25 065.3534 062.3572 Iocations_are characFerize_d by a significant relationship be-
DSP, 0.65 0.65 0.56 057 tween point-scale soil moisture aiithys At the three other
DSPy ¥ 100 071 074 soil depths investigated, exponential and cubic models dom-
DSPy 059 059 056  0.60 inate while the strength of the relationships is greater than
Qobs 086 086 092 0.9 at 5cm (mearR2 value of 0.62, maximunk?2 ranging from
fmean 062 0.62 063 061 0.80 to 0.90 from the 15 cm depth below). At 30 and 45cm,

the spatial patterns of significant relationships resemble the
spatial patterns obtained with APAP, and AR.

The relationships betweéhneanand surrogate measures
with AP1, the small cluster of locations subjected to signif- for AMCs and betweemmean and Qops Were also exam-
icant relationships on the southern slope is opposed to théhed (Fig. 7) and compared to the point-scale relationships
widespread presence of significant models on the northerf|ystrated in Figs. 4, 5 and 60meanwas only found to be
hillslope and in the catchment upstream area when, AP> correlated with AB, DSP and DSR given weakRg values
or APs are used as surrogates for AMCs (Fig. 4). (< 0.4). Among the six mathematical models tested (e.g. lin-

Spatial patterns of point-scale relationships were also dif-ear, quadratic, cubic, exponential, logarithmic and logistic),
ferent depending upon the chosen rainfall intensity-basedhe exponential one was best suited to explain the relation-
measure of AMCs. Figure 5 shows that for all soil depths, ship betweerQqpsand AR while Qgpsand DSP and DSig
a large proportion of sampling locations are significantly, yetwere rather linked in a logarithmic manner. The exponen-
weakly related to DSP at depths of 5and 15cm (meﬁnf tial (or logarithmic) model was also the most widespread
0.42). Exponential relationships betwe&tf and soil mois-  when relationships between point-scale soil moisture con-
ture dominate at 5 cm while logarithmic relationships rathertents and AB (or DSP and DSE) were examined (Figs. 4
dominate at 15 cm. With DSB, cubic and logarithmic rela- and 5). However, the use 6f,eanrather than point-scale soil
tionships were present at depths of 5 and 15 cm. WithlgSP moisture measurements prevented us from knowing that the
significant logistic models were found particularly at the 30 strengths of the relationships were highly variable in space
and 45cm depths in the headwater, upslope portion of thend were often associated wimg values exceeding 0.4
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p-values reported in Table 4 indicate that elevation above
the catchment outlet can be used to infer the nature of the
point-scale relationships between soil moisture and 9SP
Figure 8 shows that at depths of 15, 30 and 45 cm, relation-
ships between DSIg and point-scale soil moisture tend to be
not significant or cubic at intermediate elevations above the
catchment outlet420 m) and rather logarithmic or logistic
at high elevations above the outletZ5 m), especially in the
most upstream part of the catchment (see Fig. 5). For surro-
gate measures such as ARPs, O meanand Qops, a Clear in-
fluence of elevation above the catchment outlet on the point-
scale relationships was not discernable. Fggan in par-
ticular, linear and nonlinear relationships expand across the
whole range of elevation values (Fig. 8), thus making it diffi-
cult to discern any clear spatial pattern. As for the influence
of surface elevation on the relationships betwegkps and
point-scale soil moisture measurements, it is only percepti-
ble at depths of 5 and 45 cm (Table 4, Fig. 8) given the rela-
tive location of cubic and exponential models. The influence
of the surface compound topographic index (CTI) and the
Flatness index of the surface and of the confining soil layer
on the patterns of point-scale relationships between selected
AMCs proxy variables (AP, APs5, DSP) and soil moisture
was also examined (Fig. 9). Even though some minor differ-
ences can be perceived in the nature of the point-scale rela-
tionships as a function of the values of the subsurface Flat-
ness index (Fig. 9), these differences are not significant (refer
to p-values reported in Table 5). The same conclusion applies
to the nature of the point-scale relationships as a function of
CTl or the surface Flatness index (Fig. 9, Table 4).

4 Discussion

Fig. 7. Relationships between the mean soil moisture contentThe simple exercise conducted in this paper yielded new in-
(9mean and surrogate measures for AMCs and catchment responsesight into the spatial representativity of proxy variables for
“r" refers to the Spearman correlation coefficient.

(Figs. 4 and 5). A strongR?

AMCs or catchment response. While the relationships be-
tween actual soil moisture and several surrogate variables do
exhibit strong spatial patterns (see examples in Figs. 4, 5 and

=0.88) cubic relationship was gy some others show rather poor spatial organization, thus

found betweemmeanand Qops (Fig. 7); this was a surprising  casting doubt on the use of a single surrogate to illustrate a
given Fig. 6 showing that exponential relationships dominate;achment state of wetness. Reaching such a conclusion was

between point-scale soil moisture contents pdan at all

depths but 15cm.

3.2 Topographic influences

Regardless of soil depth, no significant Spearman correla
tion coefficient was found between the strength (iR8)
of the identified point-scale relationships and the values o

only possible through the use of an exhaustive soil moisture
dataset that covers nearly the entire set of hydrological con-
ditions of the Hermine catchment (Table 2), except for the
winter and early spring seasons. Even though the patterns
illustrated in Figs. 4, 5 and 6 only portray the spatial distri-
bution of statistical relationships between actual soil mois-

fure measurements and surrogate indices, they may reveal

any surface or subsurface terrain attribute. Nonparametri€'itical hydrological information. Hence, we argue that the

Kruskal-Wallis tests showed that the nature of the mathematSIMPI€ statistical analyses conducted in this paper give a bet-

ical model chosen to illustrate the relationship between point€" Understanding of the spatial heterogeneity of hydrological

scale soil moisture contents and surrogate measures was S&atterns and processes in the Hermine catchment.

dom controlled by topographic variables (Tables 4 and 5).
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It is not surprising that the 10% of the near-surface catch-
ment area subjected to the influence of PET are located on
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Table 4. Influence of catchment surface topography (rows) on the nature of the point-scale relationships between soil moisture content and
various surrogates (columns). Reported p-values are significant and suggest that at least one relationship type is associated with a media
value of the studied topographic variable that is significantly different from the others.

PET AP APy APsg AP7  APqpo AP1o>  AP14 DSP DSRg DSPygy DSP;p 6Omean Qobs

5cm

Elevation 0.0372 0.0012 0.0047
Slope 0.0034

Cont. area

Topo. index

Flatness index 0.0260

15cm

Elevation 0.0006 0.0000 0.0304 0.0005 0.0106
Slope 0.0398 0.0310 0.0095

Cont. area 0.0444
Topo. index 0.0178
Flatness index 0.0220

30cm

Elevation 0.0074 0.0499 0.0179 0.0001 0.0000
Slope

Cont. area

Topo. index 0.0408

Flatness index

45¢cm

Elevation 0.0077 0.0003 0.0437 0.0000 0.0257 0.0000 0.0002
Slope 0.0429

Cont. area

Topo. index

Flatness index

Cont. area: contributing area Topo. index: topographic index Flatness index: multi-resolution valley bottom flatness index

the upper parts of the southern slope, near the catchment diwhere triggering conditions for stormflow initiation are met.
vide and in a few other zones (Fig. 5) where canopy den-In that respect, it is worth noting that at depths of 30 and
sity is lower. On much of the Hermine catchment area, es45cm, in particular, the spatial patterns of significant re-
pecially near the catchment head and on the northern slopéationships between actual soil moisture measurements and
shallow soil moisture seems to be dominantly controlled by Qpsresemble the spatial patterns of significant relationships
AP, and AR (Fig. 4). Statistically significant, even though between actual soil moisture and AFFigs. 4 and 6). Our
weak, relations between soil moisture measurements andpproach makes it possible to distinguish near-surface from
AP1> (Fig. 4) suggest that soil wetness is not persistent indeeper potential “contributing” areas. It is also interesting
the long-term except for a small portion of the catchmentto compare locations subjected to cubic or exponential rela-
corresponding to a low-elevation wet zone and to thin soilstionships withQgps (Fig. 6) as the two mathematical mod-
developed over a bedrock outcrop. Linear relationships beels mainly differ by their rate of increase. We could argue
tween point-scale soil moisture and ARAP; and AR, are that the particular locations of exponential relationships hint
mostly present at 5 cm but regardless of the soil depth contowards rapidly enhanced subsurface water fluxes leading to
sidered, they are outhnumbered by nonlinear polynomial (i.ethe catchment outlet following water inputs to the catchment.
quadratic and cubic) and exponential relationships (Fig. 4)It would be reasonable to assume that locations subjected to
This may be linked to the fact that the soil storage capacityexponential relationships wit@qps are associated with the
is a function of the amount and timing of precipitation in ad- absence of depressions to fill in the topography of the soil-
dition to evapotranspiration (Ritcey and Wu, 1999), or sim- confining layer interface. It would also be reasonable to set
ply to the transmissivity mechanisms governing the verticalthem in opposition to the other locations which may be sub-
drainage of water in the soil. jected to a soil storage threshold to exceed before any lateral
Locations for which soil moisture is strongly related with Water fluxes can occur (Spence and Woo, 2003; Tromp-Van

catchment discharge may be indicative of catchment areal€€rveld and McDonnell, 2006b; Kusumastuti et al., 2007),
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Table 5. Influence of the soil confining layer topography (rows) on the nature of the point-scale relationships between soil moisture content
and various surrogates (columns). Reported p-values are significant and suggest that at least one relationship type is associated with a medic
value of the studied topographic variable that is significantly different from the others.

PET AP, AP, APs AP7; APjp AP12 AP, DSP DSRg DSPgo DSPp Omean  Qobs

5cm

Depth to layer

Slope

Cont. area 0.0433

Topo. index 0.0336
Flatness index 0.0105 0.0482

15cm

Depth to layer 0.0062 0.0311
Slope 0.0427

Cont. area

Topo. index 0.0345

Flatness index

30cm

Depth to layer 0.0000 0.0000

Slope

Cont. area

Topo. index 0.0206
Flatness index

45cm

Depth to layer

Slope

Cont. area 0.0442
Topo. index

Flatness index

Cont. area: contributing area Topo. index: topographic index Flatness index: multi-resolution valley bottom flatness index

hence the slower increasing, cubic relationships Witlys derstanding or modeling purposes. We, however, found that
Even though plausible, this hypothesis is not confirmed bythe less shallow the soil depth considered, the more locations
the Kruskal-Wallis tests results in Tables 4 and 5. In fact,whose soil moisture measurements were nonlinearly related
there are no statistically significant differences in subsurfacao 6mean(Fig. 5). The identified relationships betwe®fean
terrain attributes between locations sharing exponential relaand surrogate measures for AMCs and betwegga, and
tionships withQopsand locations sharing cubic relationships Qgps fell short of capturing the heterogeneity of the point-
with Qops  This conclusion highlights the main drawback scale mechanisms. This result requires further investigation
of the purely statistical approach with regards to hypothesisas to how representative tleean really is over different
testing, as the obtained regression models may not necessaratchment areas and with changing depths.
ily reflect causal relationships. Hence, we can only formulate
hypotheses that would have to be tested against additional It must be stressed that the sole reliance on indices often
field data. For instance, in order to confirm or infirm the used in catchment hydrology, namely A&nd AR, would
influence of subsurface topographic features on the rate ofiave led us to rely on a surrogate measure that is not related
increase of catchment discharge with respect to point-scal&o soil moisture measurements in the Hermine. Even though
soil moisture, the fluctuations of water storage at the soil-soil moisture proxies based on antecedent rainfall can give
confining layer interface could be investigated. good results (e.g. Kohler and Lindsey, 1951; Longobardi et
al., 2003), the choice of the antecedent temporal window
Concerning the results dhnean the important spatial ex- is crucial. In our case, APis the best index to use as a
tension of statistically significant relations with point-scale surrogate for AMCs in the Hermine catchment while /AP
soil moisture content at all four depths indicates that it is AP, and AR yield fairly good results. Kohler and Lindsey
a good surrogate for describing the catchment soil moisturg1951) have argued that indices simply computed from the
macrostate. This is in accordance with the methodology ofnumber of days since the last rain are “obviously insensitive
several previous studies (e.g. Thierfelder et al., 2003; Granand should not be used if accurate results are required” (p.2).
et al., 2004; James and Roulet, 2009) that relied on the us&his statement does not reflect the results obtained for the
of the catchment mean shallow soil wetness for process unHermine catchment, especially when not only the days since
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Fig. 8. Influence of surface topography (elevation above the catchment outlet) on the nature of the relationship between point-scale soil
moisture (columns) and selected proxies for AMCs, catchment macrostate and catchment response (rows) in the Hermine. Grey number:
illustrate the number of data used to plot each box.

the last rain but also the rainfall intensity are considered. Wel.4 ha wide saturation patches at a depth of 15¢cm and the
suspect that Kohler and Lindsey’s argument might be true irmore likely the presence of saturation patches of less than
the large river basins with multiple tributaries as they refer0.85 ha at a depth of 45 cm. These conclusions are consistent
to in their paper but not in a small headwater catchment likewith the patterns illustrated in Fig. 5. Furthermore, results
the Hermine. Statistically significant relationships were ob-from Ali et al. (2010a) corroborate the fact that relations be-
tained between point-scale soil moisture measurements ansveen actual soil moisture and ARr APy14 are very rare
DSP, DSRg, DSPBg and DSRBy. For DSByg, a weak signif-  and can only be perceived at the scale of very small satura-
icant topographic control was even identified as logarithmiction patches €0.1 ha). This comparison sheds light on the
or logistic point-scale relationships with soil moisture were scale-dependent spatial representativity of AMCs surrogate
mostly present at high elevations above the catchment outlaneasures. Ali et al. (2010a), however, did not identify any
(>25m) (Fig. 8). It is also worth mentioning that previous- significant relations between soil moisture patterns angl AP
day discharges were also used as surrogates for AMCs (datahile it only captured the influence of ARn 0.54-0.85ha
not shown) but they were not involved in any significant re- patches and the influence of gfPon 0.02-0.1 ha patches.
lationship with point-scale soil moisture measurements; thisThese results are opposite with some of the, Atterns
result is contradictory to the affirmation of Kohler and Lind- illustrated in Fig. 4 and the reason for this is unclear. Al
sey (1951) who argued that baseflow-derived indices pro-and Roy (2010d) also found that the spatial connectedness of
vided reasonably good results in humid and sub-humid refocations whose volumetric soil moisture content exceeded
gions. 30% was dependent upon AP The relationship between

It is interesting to compare results obtained from previouscor_mecuvIty and '_A‘P then_ had the form of a step function,

which may explain why it was not captured by any of the

studies in the Hermine catchment (Table 1) with the conclu-t ted ' dels in th : Bv stating that
sions of the current paper. For instance, the same soil moise > red Fegression models in the currént paper. By stating tha
e relative contribution of geographic sources (i.e. organic

ture content dataset was analyzed to characterize the emetlh

gence of spatially coherent saturation patches in the Hermin%,(ersus mlnetral tson Wﬁter orlglrtlatlng: from rl'pfrc'ja: (;Iﬁgps'
catchment (Ali et al., 2010a). The importance of RGP ope areas) to streamflow are strongly correlated to

in particular, was then revealed: the smaller the surrogaté""thelr weakly ;:;)I:related tot A‘fg“ etbal. t(zﬂ?mb) EChO. t?e
measure for AMCs, the more likely the presence of 0.g5-conclusions ot the present study about the appropriateness
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Fig. 9. Influence of various topographic properties (surface and subsurface multi-resolution valley bottom flathess and compound topographic
index) on the nature of the relationship between point-scale soil moisture and selected surrogate measures for AMCs. Blue, green and rec
numbers illustrate the number of data used to plot each box of the same color.

of APy as a proxy for the Hermine catchment AMCs and regression models tested in this paper. Hence, these results
the insignificance of APRin that regard. On the contrary to highlight the sensitivity of the results to the nature of the re-
the current paper, Ali et al. (2010c) found that/fPad an  lations and of the ensuing regression model that is used.
influence on the catchment behaviour only when the cumu-
lative antecedent rainfall amounts lay in the range of 24.5 Our results are catchment specific. They pertain to a small
to 40.5 mm. There again, such a relationship between catcHorested watershed with relatively steep slopes in a temperate
ment discharge and Apcan be schematized as a rectangu|arhumid climate. The small scale of the headwater basin and
function that does not bear any resemblance with any of théts relief may play a role on the optimal antecedent tempo-
ral window size that has been identified (i.e. 5 days) through
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the analysis. The approach, however, has a general value &gsses and spatially-variable triggering conditions that are
the simple analysis described in this paper can be repeatedot controlled by topography. Such hydrological behaviour
for several catchments under various climatic regimes andnay also exist in other catchments. The analysis also raises
for which spatially-detailed soil moisture data are available.several questions on the use of surrogate AMCs measures
This will allow the hydrological community to compare find- and on the generalization of results obtained with a single
ings and maybe derive guidelines regarding the choice ofurrogate. Further investigations are, however, necessary to
proxy measures of AMCs in catchments with specific cli- establish robust, causal relationships between soil moisture
matic and topographic characteristics. Lastly, it is worth and meteorological-based proxies for AMCs and then derive
mentioning that the rationale behind our statistical analysisguidelines concerning the best surrogate choice.

comes from several studies that have described soil moisture
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