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Abstract. This paper investigates the effects of using non-larger scale phenomena such as hillslope runoff and runon. It
linear, high resolution rainfall, compared to time averagedoffers insight into how rainfall resolution can affect predicted
rainfall on the triggering of hydrologic thresholds and there- amounts of water entering the soil and thus soil water stor-
fore model predictions of infiltration excess and saturationage and drainage, possibly changing our understanding of the
excess runoff at the point scale. The bounded random cascological functioning of the system or predictions of agri-
cade model, parameterized to three locations in Western Ausshemical leaching. The application of this sensitivity analy-
tralia, was used to scale rainfall intensities at various timesis to different rainfall regions in Western Australia showed
resolutions ranging from 1.875 min to 2 h. A one dimen- that locations in the tropics with higher intensity rainfalls are
sional, conceptual rainfall partitioning model was used thatmore likely to have differences in infiltration excess predic-
instantaneously partitioned water into infiltration excess, in-tions with different rainfall resolutions and that a general un-
filtration, storage, deep drainage, saturation excess and suderstanding of the prevailing rainfall conditions and the soil’s
face runoff, where the fluxes into and out of the soil storeinfiltration capacity can help in deciding whether high rain-
were controlled by thresholds. The results of the numericalfall resolutions (below 1 h) are required for accurate surface
modelling were scaled by relating soil infiltration properties runoff predictions.

to soil draining properties, and in turn, relating these to av-
erage storm intensities. For all soil types, we related maxi-
mum infiltration capacities to average storm intensitie9 (4
and were able to show where model predictions of infiltration

excess were most sensitive to rainfall resolutionk{lr0.4)  There have been a number of studies that have suggested that
and where using time averaged rainfall data can lead to an unncjuding the rainfall intensities throughout a storm may af-
der prediction of infiltration excess and an over prediction offect our modelled results. Wainwright and Parsons (2002)
the amount of water entering the soil (h>2) for all three  showed that overland flow models that use mean rainfall
rainfall locations tested. For soils susceptible to both infil- intensity under predict surface runoff. Bronstert and Bar-
tration excess and saturation excess, total runoff sensitivit;dossy (2003) found that 1 hour resolution clearly underesti-
was scaled by relating drainage coefficients to average storated runoff volumes attributed to Hortonian overland flow
intensities ¢*) and parameter ranges where predicted runoff(infiltration excess). Mertens et al. (2002) compared sim-
was dominated by infiltration excess or saturation excess deg|ated surface runoff using HYDRUS-1D and 10 min rain-
pending on the resolution of rainfall data were determinedfa|| data to results using the Soil Conservation Service (SCS)
(In g*<2) Infiltration excess pl’edlcted from h|gh resolution runoff curve-number method and found that depending on
rainfall was short and intense, whereas saturation excess prehe season or storm intensity, the curve-number method over-
duced from low resolution rainfall was more constant andestimates surface runoff (winter) or underestimates surface
less intense. This has important implications for the accuracynoff (summer). Reaney et al. (2007) showed that the tem-
of current hydrological models that use time averaged rainporal structure of rainfall intensities within a storm event can
fa” under these SO” a.nd I‘alnfall Cond|t|0ns a.nd pl’edICtlonS Ofincrease or decrease the amount of runoff |eaving the S|Ope
when compared to runoff predictions from constant rainfall
Correspondence tcC. Hinz intensities. These studies highlight the need to understand
(christoph.hinz@uwa.edu.au) the effects of rainfall resolution on surface runoff predictions.
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Whilst Bronstert and Bardossy (2003) conclude that the usaion-extreme rainfall events as well as extreme rainfall events
of high rainfall resolution is most important for high rain- (Veneziano et al., 1996, Over and Gupta, 1996, Menabde et
fall events but not extreme events there is no clear sensitivityal., 1997). In this paper we use the bounded random cas-
analysis as to the conditions where surface runoff predictionsade approach described by Menabde and Sivapalan (2000)
are most affected by rainfall resolution and to what extent dif-with three different sets of rainfall parameters from Western
ferences in hillslope surface runoff predictions are the resultAustralia as an illustration of a method to determine the soil-
of discrepancies in point scale surface runoff predictions orstorm relationships most sensitive to rainfall resolution when
hillslope runoff transformations. predicting surface runoff and how this may change for differ-
The earlier work of Woolhiser and Goodrich (1988) goes ent rainfall regions.
some way in addressing this issue with the construction of di- The results presented in this paper remain at the point
mensionless parameters in relation to kinematic equilibria ofscale. The authors wish to create a clear and accurate un-
overland flow and the ratio of the infiltration depth at ponding derstanding of the processes at the point scale and how these
to the mean storm depth. This study looks at Hortonian overmay be influenced by different soil-storm properties before
land flow and concentrates on the differences in peak runofthese effects are further complicated by hillslope properties
rates with the biggest differences in peak runoff rates occursuch as steepness, length and roughndseert at the point
ring between constant rainfall and temporally varying rain- scale there is much that remains to be learned about how
fall when the ratio of the infiltration depth at ponding to the best to represent the dynamic characteristics of infiltration
mean storm depth is low and the ratio of the time to kinematicand surface runoff generatidiBeven, 2002, pp. 80).
equilibrium on the overland flow plane to the mean duration Whilst using complex rainfall as input, we used a simple
of the storm set is also low. infiltration capacity threshold in a similar fashion to Yu et
These previous studies into the impacts of temporallyal. (1997) to determine infiltration excess. The simple in-
varying rainfall and surface runoff predictions have concen-filtration capacity threshold was chosen as Yu (1999) points
trated on Hortonian overland flow and do not consider dif- out that the widely used Green-Ampt approach has been ap-
ferences in water able to enter the soil or surface runoff atplied mostly in relation to predicting runoff amounts as op-
tributed to saturation excess. This study aims to expand omposed to runoff rates which we also wish to predict here.
previous research a number of ways. Firstly, by looking atYu et al. (1997) showed that at 1 min intervals infiltration
two different mechanisms of runoff generation, infiltration rates were closely related to rainfall intensities and weee “
excess and saturation excess and how rainfall resolution magentially independent of cumulative infiltration amount, fea-
impact predictions of the mechanism dominating runoff gen-tures not in accord with the Green-Ampt infiltration equa-
eration. This modelling approach not only sets out to inves-tion” (pp. 1295). Comparison of the Green-Ampt approach
tigate differences in amounts of infiltration excess and satto a simple infiltration capacity threshold approach showed
uration excess but also the dynamics, including maximumthat the simple threshold outperformed the Green-Ampt ap-
intensity, frequency and duration each surface runoff pro-proach when compared to runoff data at a range of time in-
cess is active throughout each storm event. Secondly, wéervals and storm events, as it was better able to represent
guantify the effects of rainfall resolution on surface runoff runoff hydrographs and peak runoff rates (Yu, 1999). The
generation and identify scaled rainfall and soil conditions inaim of this paper is to investigate surface runoff predictions
which model predictions are most sensitive to rainfall reso-at a range of rainfall resolutions including high resolution
lution. The scaling approach allows us to investigate a widerrainfall less than 5min and also to look at the dynamics of
range of soil-storm relationships than studies based on spehis predicted surface runoff. From the evidence outlined in
cific conditions. An application of this approach to rainfall Yu et al. (1997) and Yu (1999) we have adopted a point scale
from a number of locations is made in an attempt to illustratemodel that incorporates a single infiltration capacity.
how the model can be used to gain an understanding of the Saturation excess is predicted using a simple, lumped pa-
sensitivity of surface runoff predictions to rainfall resolution rameter bucket model. There are numerous examples of the
in different rainfall regions within Western Australia. use of simple lumped storage representations of surface hy-
The recognition of the importance of using high resolu- drology (Milly, 1994; Kirkby and Cox, 1995; Farmer et al.,
tion rainfall data has lead to the use of stochastic simulatior2003; Woods, 2003; Struthers et al., 2007a, b). It is this
of rainfall and analysis of the statistical properties of hydro- minimalist, process based approach, as opposed to a more
logical modelling. For this reason, in the last 20 years therecomplicated Richards equation, that we wish to adopt in our
have been many studies into the transformation of availableattempts to investigate how using rainfall measured at vari-
rainfall data from one scale to another (for an overview seeous time scales will influence the triggering of surface runoff
Lovejoy and Schertzer, 2005). All disaggregation methodsthresholds. Using this minimalist approach we are able to
are based on describing the variability at one scale in relatiorderive scaled soil-storm properties that relate a wide range of
to the variability at another scale. One of the most prevalensoil and storm conditions to the impact of time averaged rain-
and promising methods is the use of multifractal random casfall data on surface runoff predictions. Although these point
cades which are able to reproduce the statistical properties fcale saturation excess predictions have limited application
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as the model does not account for two and three dimensional
aspects, the authors believe the inclusion of this storage el-
ement in the model is important in investigating the effects Infiltration Capacity (kses) —~FI-TRATION EXCESS (@)
of rainfall resolution on processes which are buffered by soil
storage and drainage and dependent on the differences in sgil MATR NFILTRATION ()
infiltration created from the interaction of the different rain- _ SATURATION EXCESS (4.
fall resolutions and the infiltration capacity threshold. AN Bl —_—
This study has important implications for the accuracy of o, |72y @ .
current hydrological models that use temporally averaged ?ZZB“
rainfall inputs. It offers a means by which we can predict
how point scale surface runoff predictions may be influenced
by the resolution of input rainfall data and under what con-
ditions the temporal scaling of rainfall may not only affect
surface runoff amounts but also the dominant runoff genera‘[Fig. 1. Diagram of the conceptual bucket model. Fluxes are written

PRECIPITATION (Pain) l

RUNOFF (qs)
—_—

Soil Matrix Store (W)

MATRIX DRAINAGE (gss) l

ing process and the dynamics of this surface runoff. in capitals and thresholds in lower case.

2 Methods drainage parameters of a lumped parameter bucket model are
related to the drainage recession response based on the unsat-

2.1 Conceptual model urated hydraulic conductivity function of Brooks and Corey
(1964).

A one dimensional, conceptual bucket model, in accord

with Woods (2003), was developed that instantaneously par; Matrix saturationgsa; occurs when the soil store becomes
- : . P T full. Water can only infiltrate as fast as the soil is draining,
titions rainfall into infiltration excesg; (mmmin—), in-

o ) . . therefore matrix saturation excess becomes the input of water
filtration psoyi (MM mMIn-), soil storagewsei (Mm), soil

drainageyss (mm min~1) and matrix saturation excegs-sat to the soil profile minus drainage:
(mmmin1). Fluxes into and out of the soil store were

; A n=
controlled by simple thresholds, infiltration capacityi asalt) i peai() > (Geartic)an/Toat aNG
(mmmin~1), field capacity. (-) and matrix saturatiofsa Psoil(t) — (Bsat— 61c)zsoil/ Tsoil 52‘;2:(0 _ Gs:f;“fc “soll/Tsoll
(_) (Flg l)- 0 if wsoil(?) < Osagsoil OF (4)
We use a very simple maximum infiltration capacity Psoil(t) < (Bsat— Btc) Zsoil/ Tsoil

threshold controlling the amount of water entering the soil _ _
profile which is similar to the classic Horton overland flow The authors acknowledge that saturation excess runoff is
model (Horton, 1933). The input of water to the soil profile Most of the time not a point scale process and is influenced

is represented as an intensity over tijgi(r) (nmmin~1). by landscape properties such as topography and ground water
If the rainfall intensityprain (t) (mm min_l) exceeds the in- Cond|t|0ns, however for Slmp|ICIty we base our model on the

filtration capacityksoil, input is then equal to the infiltration ~assumptions that there is no water table interaction, the lower

capacityksoil: boundary is highly permeable and lateral subsurface water
. flow is negligible. As a result the saturation excess runoff at
Psoil(t) = {Prain(t) it prain(t) < Ksoi (1)  the point scale is controlled purely by soil properties. De-
ksoil  if prain(t) > Ksoi spite these assumptions, the authors believe the inclusion of
The remaining water becomes infiltration excess, saturation excess in the model is an important illustration of
0 it prain(t) < keol how ram_fall resol_utlon influences a surface runoff generating
qi(t) = { (Prain(®) — ksot) if prain(t) > keo 2 mechanism that is buffered by soil water storage and depen

dent on the differences in infiltration created by the interac-

To simulate an infiltration capacity that decreases with timetion between rainfall resolution and the infiltration capacity

this model can incorporate an initial, cumulative amountthreshold.

of infiltration (Fp) required before the infiltration capacity Surface runoff,g, (mmmin1), can be generated two

threshold starts taking effect (Yu et al., 1997). ways, saturation excess or infiltration excess and becomes
Drainageg;s, occurs when the soil storage reaches a crit-the sum of infiltration excesg and matrix saturation excess

ical threshold (field capacitys.) (Struthers et al., 2007a): gsat

0 if wsoil(t) < Bfczsoil 3)
(wsoil(t) — Bfczsoil) / Tsoil 1T Wsoil(t) > Btczsoil

wherezggj is the soil depth (mm) andsgj is a drainage re- As the model is being applied on a storm event basis it is
sponse time (min). Struthers et al. (2006) showed that theassumed that when rain is falling no evaporation takes place.

gss (1) = { qs(t) = gsaf?) + qi (1) (%)
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Table 1. Soil parameters used for simulations.

ksoil (mm h1) Tsoil (&) zZsoil (MM)  Bwp () Oc () Osat(=)  f*(5)

Clay 12 20 100 0.15 0.30 0.50 2.40
240 1.00
500 0.48
900 0.27
1200 0.20
1300 0.18

Loam 24 2 100 0.10 0.25 0.45 0.48
178 0.27
240 0.20
300 0.16

Layered 100 1 100 0.05 0.20 0.40 1.00
soil 208 0.48
370 0.27
500 0.20

Sand 100 0.2 100 0.05 0.20 0.40 0.20

Table 2. Storm properties and dimensionless infiltration parameters-rh_e mass balance for soil water storage is accordingly given
for three soils simulated. :

Average rainfall ~ Total storm depth  Layered soil Loam Clay
intensity Zstorm k* k* k*
Ro=zstorm/tstorm
(mmh-1 (mm) =) =) =)

150.00 600 0.67

100.00 400 1.00

75.00 300 1.33

66.75 267 1.50

50.00 200 2.00

40.00 160 2.50 0.60 0.30
36.00 144 2.78 0.67 0.33
32.00 128 3.13 0.75 0.38
24.00 96 4.17 1.00 0.50
20.00 80 5.00 1.20 0.75
16.00 64 6.25 1.50 1.00
12.00 48 8.33 2.00 1.50
8.00 32 12.50 3.00 2.00
6.00 24 16.67 4.00 3.00
4.00 16 25.00 6.00 4.00
2.00 8 50.00 12.00 6.00
1.00 4 100.00 24.00 12.00
0.50 2 200.00 48.00 24.00
0.25 1 48.00

Hydrol. Earth Syst. Sci., 11, 96882 2007

dwsoil
dt

= psoil(t) — gss(t) — gsalt) (6)

This is similar to Woods (2003) except that evaporation is ne-
glected in our case. Equations 1 to 6 are solved by discretiz-
ing Eg. (6) and the resulting system of algebraic equations
are solved implicitly using a dynamic programming method
in Mathematica 5.2 (Wolfram Research Inc., 2005).

Simulations were run for a clay, loam, sand and layered
(duplex) soil for which the parameter values are listed in Ta-
ble 1. Parameters for the saturated water cordgptfield
capacityfsc and wilting pointé,, were taken from Rawls et
al. (1992). The drainage response timg, was taken as
order of magnitude estimates from saturated hydraulic con-
ductivity for a 100 mm soil depth from Rawls et al. (1992) as
per Struthers et al. (2007a). The infiltration capacitigs
used were 12, 24 and 100 mm‘h This provided an order of
magnitude range and a range of two orders of magnitude in
the dimensionless analysis presented below. The layered saill,
a coarse textured soil overlaying a finer textured soil with a
sharp boundary, is commonly referred to in Australia as a
duplex soil and had a high infiltration capacity and a slower
drainage due to this finer textured impeding layer. This was
used as these soils are common in Australia and it allowed
us to test the effect of changing the ratios of infiltration ca-
pacity and drainage rates. Simulations were run with initial
conditions at field capacity and at wilting point.

www.hydrol-earth-syst-sci.net/11/965/2007/
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2.2 Storm generation trast, a low or smalkg parameter would indicate more vari-
ability of rainfall intensities at small time intervals. TH&
Average storm properties used in the study are presentegarameter describes the slope of this relationship and hence
in Table 2. Total storm depthsiorm ranged from 1 to  the rate of change of variability with increasing time inter-
600mm. A constant storm duratiomerm, Of four hours  yg|s.
was used. The mean intensitiegomstorm ranged from Rainfall is generated by starting with an initial homoge-
0.25 to 150 mmh! and were chosen to allow for a wide neous storm of a certain lengthm and average storm
range of scaled parameters (to be described later in Sect. Z-ﬂ)tensityRo. The next step is to divide the original storm du-
rather than to reflect the predominant rainfall intensities ination (tstorm) into two halves and assign each half a vaRie
Australia. The probability of these rainfall events will be and R, where the sum oRy¢ and Rat=Rot and the weights
discussed later in Sect. 2.5. The storm duration was kepht any levelr, are drawn from the beta distribution with its
constant for scaling purposes but initial analysis of differ- gg|e parameter estimated from relationship (9). See Fig. 2
ent durations shows the same patterns of results. Four hoypr an example of storm intensities generated for three dif-
storms represent the approximate average storm durations irent time scales). For further details on the generation of
the south-west of Australia (Hipsey et al., 2003). rainfall see Menabde and Sivapalan (2000).

Rainfall intensities at these different resolutions were gen-  Tnhe four hour storm duration was long enough to investi-
erated using the bounded random cascade model (Menabdgyie 6 cascades of rainfall resolutions (120, 60, 30, 15, 7.5,
and Sivapalan, 2000) firstly parameterized to south-westers 75 1 g75 min) with the resolution halving at each cascade
Australian rainfall (Hipsey et al., 2003). Random cascade 1,=2"10) With n=0, 1 ,2, ...6 ando=1.875min. To ensure
are based on the apparent multifractal scaling behaviour ofnat rainfall input into the rainfall partitioning model was
rainfgll. Rainfall variapility at different time :'sc_ales is de- 4t the same resolution (1.875min), all input vectors had a
termined by the analysis of break down coefficients, i),  |ength of 128 (240/1.875). Intensities at lower resolutions
which are defined agte ratio of rainfall of a random field ;ere repeated (time step'{/1.875) times so that all vector
averaged over different scales where the smaller is containeqiengths were the same.
within the largef (Harris et al., 1998, pp. 93): An initial analysis of distributions of storms generated us-

. R (t,) . ing the model was conducted to determine a statistically sta-
u(r, i) = Ry ! (7) " ble number of storm realizations to be used in the analysis.
. The first, second and third moments were calculated for dis-
whereR, (1,) a_nd R; (ta) fare the ra|_nfall lotals accumulated tributions of rainfall intensities from realizations of a storm
over the durations andi wherer is assumed to be com- event (= 25, 50, 100, 250, 500, 750, 1000, 2000).4A500

gl(;a(;gly ||r:10Iuded n tget |r_1|tedrv§t1 (M.ert1.abdef ?)nd ig/apalan, fthe variations in the moments converged so that distributions
- ). Fora more detaried description ot breaxdown Coely 4, yajyes greater than 500 were not significantly different
ficients and their analysis see Harris et al. (1998). Menabd

) : o ?T test, p=0.05) fromx=500. For this reason, five hundred
and Sivapalan (2000) explain how the breakdown Coeﬁ'c'entsrealizations of each storm were used in the analysis.

for the entire rain record is separated into different time inter-
vals gnd the d|§tr|but|oqs of brea_1k§own c_oefﬂuents at differ- 23 Output analysis
ent timescales is described by fitting a single parameter beta

distribution: At the end of each simulation the total amount of infiltration
() = L1 — yyel excess, saturation excess, deep drainage and runoff were cal-
bu B(a) ’ culated (mm). The first, second and third moments of the
1 distributions of these amounts as well as the distributions of
WhereB(a)=f0 x 7 1-x) " tdx (8)  the maximum intensities (mm mi), frequencies and dura-

_ _ _ _ tions (min) each surface runoff process was active through-
with the sole parameter changing with the timescale of ob- oyt each storm event. The moments of the distributions of
servation:. It has been found in a number of studies that the scaled outputs were also calculated and used to compare

at smaller timescales the breakdown coefficients are morgne response of different soils to different storm properties.
similar (less variable) and breakdown coefficients at larger

timescales are more variable (Menabde et al., 1997; Harri® 4 Scaling of outputs

et al., 1998; Menabde and Sivapalan, 2000). Menabde and

Sivapalan (2000) use the following scaling law to describeTo determine the soil and rainfall conditions where model

this dependence of theparameter on the timescate, predictions of infiltration excess and saturation excess were

H ©) most sensitive to rainfall resolution for a wider range of pa-
rameters we scaled our model outputs and soil properties

A high or largeag parametery intercept) means that rainfall with average storm intensities. All model output intensities

at small timescales is less variable (more constant). In conwere multiplied by the time step and divided by the storm

a(t) = aopt™
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Infiltration excess was produced when the supply of water

— 40 (rainfall) exceeded the soil infiltration capacity threshold. By
i relating these two properties we could determine the amount
E 30 : of dimensionless infiltration excess for a range of infiltration
NG capacities and average storm intensities using one curve. The

@) ‘§ 20l scaling parameter we used to do this w&s(—) which is
o) the ratio of maximum soil infiltration capacity to the average
£ Ro storm intensity:

8 10} Kt
.% K — soillstorm (10)

24 Zstorm

O0 1 2 3 4 The range ok* values was 0.3 to 200 (Table 2). The higher
Time (hours) the average storm intensity relative to the infiltration capacity
40 is, the smaller thé* value.

— Saturation excess occurred when the difference between
= the flux of water entering the soil and the flux of water
g 30 : leaving the soil (drainage) exceeded the soil storage capac-
= R, ity. The second dimensionless paramefér(-), relates soil
G properties controlling the input of water (infiltration capacity,

(b) = 20} ) T .
Q ksoil) to the drainage coefficientdpil/tsoil) Which represents

E the soil properties controlling the output of water:
© |
% 10 f* _ ksoil Tsoil (11)

@ R, Zsoil
00 1 2 3 4 The higher the infiltration rate multiplied by the drainage rate
Time (hours) the deeper the soil required to maintain the sgfevalue.
40 The range off* values is presented in Table 1. The range

— R, of f* parameters was limited to soil depths no shallower
= than 100 mm. For the sand, with a high infiltration capac-
g 30 y ity and fast drainage rate even at the shallowest soil depth
= (100 mm) no saturation excess was produced, making this

(©) B 90l the only depth simulated.
c . . .
Q " Now the soil properties that control saturation excess have

E 2 been scaled (using*) we need to relate them to the storm
..g 10} T properties that produce saturation excess. By doing this we
'6?:5 ) R could determine the storm properties at which saturation ex-

0 3 : , cess was most sensitive to rainfall resolution for our range
0 1 2 3 4 of f* parameters. This was done by constructinggh@a-
Time (hours) rameter which is the average storm intensity in relation to the

drainage coefficient:

Fig. 2. Diagram of rainfall generation at cascading time steps (4 h, N
2hand 1h). « _ Istorn@soil k_ 12
§=—=— (12)

ZstormTsoil f

depth making them dimensionless. These dimensionless oup 5  Application to different rainfall regions

puts were related to three dimensionless scaling parameters

that were derived from three groups of dimensional parameTo investigate the influence of rainfall generated from dif-
ters that characterise the soil and the averaged rainfall propterent rainfall regions we concentrated on infiltration excess
erties. The soil parameters were the infiltration capacity predictions as we have already discussed the limitations of
(Eq. 1) and the ratio of soil depth and drainage responsepplying the saturation excess predictions. We began by
time zsoillTsoil (EQ. 3) controlling the drainage behaviour. looking at how the within storm temporal variability influ-
From here on this ratioz{oii/zsoi) Will be referred to as the ences the soil-storm scaling relationship outlined above. We
drainage coefficient. The average rainfall was fully charac-then looked at the average storm intensities of different lo-
terized by the average intensiiyorn/tstorm: All groups were  cations and the fraction of storms for each location likely to
rates in mmmint and ratios of these groups were used to affect infiltration excess predictions if low resolution rainfall
carry out the scaling analysis presented below. is used.

Hydrol. Earth Syst. Sci., 11, 96982 2007 www.hydrol-earth-syst-sci.net/11/965/2007/
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Table 3. Rainfall data and bounded random cascade parameters for locations in different rainfall regions in Western Australia.

Location Latitude Longitude Years of one minute dataag H
Newdegate  —32.02 116.52 22 15.0 —0.47
Kalgoorlie —30.78 121.45 3 10.8 —0.44
Port Hedland —20.37 118.63 3 58 -0.35
Broome —17.95 122.23 3

Perth —31.95 115.87 3

To investigate the effect of different within storm patterns 3 Results and discussion
from different rainfall regions rainfall was generated using
ap and H parameters fitted to rainfall from three locations 3.1 Model output
in Western Australia. These locations included Newdegate, ] o ]
Kalgoorlie and Port Hedland. The parameterization of the The rainfall resolution influenced the amount and dynamics
bounded random cascade model to 15 different locations irPf infiltration excess and saturation excess runoff predictions.
Western Australia found that Newdegate had the least withirf igure 3 is an example of the model output for a single storm
storm variability, Port Hedland had the most variable within €vent showing two different rainfall resolutions; 1.875min
storm patterns and Kalgoorlie was in between (Hearman andP!ack line) and 120 min (broken line). From this figure it can
Hinz, 200%). See Table 3 for these parameters. Newde-_be seen that the higher resolutl_on ra|_nfaII had_h|gher pgaKs in
gate is located in the south west, the same location as Hipse?tensmes than the low resolution rainfall. This lead to infil-

et al. (2003) and experiences predominantly winter rainfall ration excess being triggered when high resolution rainfall
(June to August) in the form of advective fronts. Port Hed- Was used and not when the low resolution rainfall was used.

land and Kalgoorlie are located in arid regions of the state/AS @ result more water was able to enter the soil for the low

Port Hedland is in the tropics and receives convective and cyf€solution rainfall and the soil was saturated for a longer pe-
clonic rain predominantly in the summer months. Kalgoorlie fiod of time.

is located further south and inland and has less intense and Figure 3 demonstrates that not only were the processes that
less seasonal rainfall. The same point scale rainfall partitiongenerated runoff different for the two different rainfall reso-
ing model and soil-storm scaling (as outlined above) was aplutlons bl_Jt also the dynamlcs_ of runoff p_roduged from the dif-
plied to rainfall generated from these three locations and thderent rainfall resolutions. High resolution rainfall generated
effect of different within storm variability on the differences More runoff with higher peaks in intensity. From this exam-
in point scale infiltration excess predictions using different ple we illustrate that rainfall resolution has a direct impact on
rainfall resolutions was determined. the triggering of thresholds, in particular, infiltration excess.
Models using time averaged rainfall would need to calibrate
this threshold to a lower effectivie if they are to fit their

will be affected by rainfall resolution was done using one model predictions to field measurements. However, even if
y 9 the model is able to be calibrated to give the correct infil-

minute rainfall data from five locations in Western Australia. | .. : ; : A
. . . tration excess amount, using low resolution rainfall will give
These locations included the three outlined above, as well as. . . ; X
. . ifferent dynamics. Low resolution rainfall will lead to long,
Broome, located in the north east of Western Australia an . ; - . ;
. . ow intensity predictions of runoff, whereas high resolution
experiencing summer monsoonal rain, and Perth, located on

the coast of the south west region. This was done by Calcu[alnfall will lead to short, more intense bursts of runoff. The

i . . . ; implications of these different surface runoff dynamics will
lating average storm intensities from the one minute rainfall . : :
. o . . e discussed later in the dynamics Sect. 3.5.
where a storm was identified as having 7 h between rainfal

) . : Whilst Fig. 3 is an example of one storm realization, the
measurements. Then, using the average storm intengities, . - .
. results presented in the sections that follow consider the sta-
values were calculated for clay, loam and sandy soils. Fro

Mistical properties of the response, in particular the means of

the results of the scaling of differences in infiltration excess e A
o : -aling ot d . the distributions produced from 500 of these realizations and
predictions using different rainfall resolutions we were able . .
how these relate to scaled soil-storm properties.

to identify the fraction of storms where rainfall resolution
was likely to affect infiltration excess predictions using the 3 5
calculatedt* values for each soil from each location.

An investigation of the effect of locations in different rain-
fall regions on the likelihood infiltration excess predictions

Infiltration excess

Using low rainfall resolution under predicted infiltration ex-
IHearman, A. J. and Hinz, C.: Within storm rainfall variability cess. This under prediction of infiltration excess can be seen
in Western Australia, in preparation, 2007. in Fig. 4a where the high resolution rainfall of 1.875min
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Fig. 3. Example of the model input (precipitati¢a)) and model outputs (soil water conteh), infiltration excesgc), saturation excegsl),
runoff (e) and deep drainagé)). Produced from one storm (48 mm) at two different rainfall resolutions (1.875 min and 120 min) for a loam
soil with a depth of 100 mm.

(n=0) produced more infiltration excess than the low resolu-curves for all soil types to collapse. They were most sensi-
tion rainfall of 120 min =6). This figure also demonstrates tive to rainfall resolution when the soil infiltration rate was
that for differentc* values, the slopes of these curves, or the 1.5 times the average storm intensityKix0.4), and at this
sensitivity to rainfall resolution were different. The sensitiv- point the amount of infiltration excess was under predicted
ity of predicted amounts of infiltration excess was summa-by 26% of the total storm amount. This supports Bronstert
rized in Fig. 4b which shows the differences in infiltration and Bardossy (2003) who also found that the sensitivity of
amounts between 1.875 min resolution and 120 min resolupredictions of infiltration excess to rainfall resolution were
tion, which is the first point minus the last point for each highest where the average rainfall intensity was in the same
curve in Fig. 4a. It can be seen that the scaling allows theorder of magnitude as the infiltration capacity of the soil.
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Analysis of differences between smaller time steps 0.7
(than our maximum 120 min) and our smallest time step
(2.875 min) show that the biggest differences also occur at
Ink*=0.4. Using 15 min resolutiomE3) still under pre-
dicted infiltration excess by 20% and 3.75min resolution
(n=1) under predicted infiltration excess by 10% of the to-
tal storm volume at I#*=0.4. This implies that at the point @
scale when the soil infiltration rate is near 1.5 times the aver-
age storm intensity the rainfall resolution will impact runoff
predictions even at resolutions less than 5min. These re-
sults contradict Bronstert and Bardossy (2003) who found 01 —"——__ «
that between 5min and 1 min there was no significant dif- nk*=32 ~~ \
ference in surface runoff predictions. This may be the result 0 S— ]
of runoff transformation processes down the hillslope as our o 1 2 3 4 5 6
analysis is conducted at the point scale and Bronstert and Time resolution (1)
Bardossy’s (2003) at the hillslope scale or a result of having 0.3 . i i :
an infiltration rate that changes with time. When an initial A clay
infiltration amountFg was introduced before the soil infiltra- B O loam
tion capacity started taking effect, the maximum difference ® O layered
for infiltration excess predictions using different rainfall res-
olutions remained at lh*=0.4 but the size of the differences
decreased with increasirfg. Also for surface runoff predic- (®)
tions at larger scales not only is the interaction of infiltration
properties and storms important but also hillslope properties
that control runoff response times (Woolhiser and Goodrich,
1988).

The sensitivity of point scale infiltration excess predic- B
tions to rainfall resolutions can be explained by the way the 0 L L bm & 4§
different rainfall resolutions triggered the infiltration excess -1 0 1 2 3 4
threshold. At Ink* values greater than 1.5, neither the high In k*
resolution rainfall nor the low resolution rainfall intensities
were high enough to trigger infiltration excess. Wherg*In Eig. 4. The (_:hanges i_n mean amount o_f dimensionless infiltra-
was between 1.5 and 0.4, increasing the intensity of the storrf{On excess with the 7 different time resolutions tesisdX1,2. .. 6,

=n = i i i in-
lead to an increase in the amount of infiltration excess trig—’” 2 1o W.h.ere’° 1.875 min) f(.)r a Ioa.m soil at various mean rain
ered by the high resolution rainfall. whereas the low resolu fall intensities relative to the infiltration capacity* (a) and the
g y 9 ' difference in mean dimensionless amount of infiltration excess be-

tion rainfall intensities were not high enough t_o "igger this tween 1.875 and 120 min resolution according to changes in the nat-
threshold. Where lh* was less than 0.4, the dimensionless g jog ofk* for the clay, loam and layered soils).

difference in infiltration excess amounts decreased. This was
because at lh*=0.4, infiltration excess was first triggered in
the low resolution rainfall. The amount of infiltration excess
then increased more rapidly for the low resolution rainfall tration properties. The advantage of scaling our results is that
than for the high resolution rainfall. This was because thethis sensitivity curve can be used to describe the sensitivity of
low resolution rainfall had longer time steps so once thesdlifferent locations with different soil types and predominant
intensities began to trigger the threshold they spent a longerainfall properties. We look specifically at different rainfall
period of time above the threshold. Atd=0.4, where the regions later in Sect. 3.6. Although this analysis looks at dif-
maximum difference between the two resolutions occurredferent soil textures and does not specifically address different
the low resolution rainfall first triggered the infiltration ex- soil structures and macropores, if the infiltration capacity of
cess threshold and therefore became the point where thdifferent soil structures or macropores can be predicted then
biggest difference between the amounts of infiltration excesshey can be incorporated into the sensitivity curve by adjust-
produced from the different rainfall resolutions occurred (seeing the infiltration capacity. Struthers et al. (2007b) showed
Fig. 7e(i), 71(i)). that with a similar focus on soil and storm properties the frac-
These results highlight how point scale infiltration excesstion of storms that trigger macropore flow could be estimated
predictions can be influenced by rainfall resolution and thefrom average storm and soil properties and did not require
sensitivity of these predictions to rainfall resolution dependssimulations. Considering infiltration excess is a dominant
on the relationship between rainfall intensities and soil infil- surface runoff generating mechanism in Australia (Potter et

0.6 F- ) b

05

04 TRl 1

03 ===l Tl

infiltration excess
i

0.2F ~. |

Mean amount of dimensionless

0.1rp b

Difference in mean amount of
dimensionless infiltration excess
o>
o
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fall resolution. These findings enabled us to split our sall

f*=0.48 into two groups, those susceptible to saturation excess with
o 04r o f* values greater than 0.2 (which will be presented in this
= __-" section) and those not susceptible to saturation excess with
B 9 __.--"' f* values equal or less than 0.2. That is, fast draining and/or
§g 03[ Ink=02 ... - ra deep soils were not likely to produce saturation excess un-
ER |mmmmmm" .~ P lIkely to p :
S o lr'] =05 e - less influenced by a rising water table or topographic features
°2 ool—-— —" | (not considered here). This means for the fast draining sand
§ S b -—. tested, withf*=0.2, even at a shallow soil depth of 100 mm
£ © Ink*=1 ‘\\ no saturation excess was produced from either rainfall res-
S o1f N J olution (assuming the lower boundary is highly permeable).
L \ The effect of having a less permeable lower boundary was
. AN investigated by using a layered soil with a high infiltration
0 In k .:3'2 I I I I L capacity (the same as the sand) but a slower drainage re-
o 1 2 3 4 5 8 sponse time. Unless stipulated, the following results show
Time resolution (n) simula_tions where the initial soil water content was at field
capacity.

Fig. 5. The changes in mean amount of dimensionless saturation Using low resolution rainfall in soils withf* values

excess with the natural log of the 6 different time resolutions ’[esteogre""ter tha_n ,0'2 resulted |.n either an over predlctlon or a.n
(1=0,1,2...6,=2" 1o wherero=1.875 min for a loam soil with an under prediction of saturation excess depending on the soil-

initial water content at field capacity for storms with different mean Storm relationships. Figure 5 shows how the amount of pre-
rainfall intensities relative to the infiltration capacity*}. dicted saturation excess changed with different rainfall reso-
lutions (x-axis) and with different storm intensities (various
k* values). The figure illustrates that for high rainfall intensi-
al., 2005) this simple method could prove useful in gainingties (lowk* values) a low resolution rainfall predicted more
an understanding of whether high resolution rainfall data issaturation excess than at high resolutions. As we decreased
required to accurately predict surface runoff for a particularthe average intensity of the storm (increasekthealue) this

location. difference became smaller to a point where the high resolu-
tion rainfall predicted more saturation excess than the low
3.3 Saturation excess resolution rainfall.

These differences in predictions of saturation excess using

Whilst the saturation excess predictions cannot be applied ir.875 min rainfall and 120 min rainfall (i.e. the mean amount
such a direct way as the infiltration excess sensitivity curvepredicted using 1.875 min rainfall minus the mean amount
due to larger scale processes which are not considered hergredicted using 120 min rainfall) for different soil types and
the authors believe the saturation excess results illustrate hogoil depths are shown in Fig. 6. From this graph it can be seen
rainfall resolution can influence a surface runoff generatingthat the maximum difference in over predictions of saturation
mechanism that is buffered by soil water storage and depenexcess (where the differences are most negative) scale with
dent on the differences in soil infiltration created from the x* and occur at Iit*=0.4. This is because this is the point
interaction of the different rainfall resolutions and the infil- where there is the biggest difference in predictions of infil-
tration capacity threshold. tration excess and therefore the biggest difference in amount

Many surface runoff models do not attempt to model bothof water entering the soil. The low resolution rainfall had no
surface runoff generating mechanisms (infiltration excesdnfiltration excess at this point so more water was able to en-
and saturation excess) and instead assume one or the other the soil and this combined with the constant rainfall inten-
Whilst previous studies of Australian surface runoff indicate sity lead to a greater prediction of saturation excess than that
that infiltration excess or Hortonian overland flow is the pre- predicted using the high resolution rainfall. This highlights
dominant mechanism, in other climates and regions of thethe interaction of the two different thresholds (infiltration ca-
world (more humid) surface runoff can be dominated by sat-pacity and soil storage capacity) and how the input resolution
uration excess or change between saturation excess and infitan control which process dominates surface runoff.
tration excess seasonally. Our results indicate that under cer- These results also highlight the differences in water able
tain soil-storm properties rainfall resolution may influence to enter the soil depending on the rainfall resolution. Our re-
what process may dominate predicted surface runoff generasults show that for high average intensity storms using low
tion. resolution rainfall over predicts the amount of water enter-

Our simulations indicated that for soils with a drainage ing the soil and may result in an over prediction of processes
coefficient greater than 5 times the infiltration capacity, affected by soil water storage such as drainage and subsur-
f*<0.2, no saturation excess was triggered by either rainface flow predictions, the leaching of agri-chemicals and our
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understanding of the ecology of plant species and their adap- 0.3 : : :
tation to certain soil-water conditions. X f=0.27

The size of the over prediction of saturation excess with - 3 A O =048

. X ) AR 5o 02 A =10 A

low rainfall resolution depended on the ratio of infiltration 29 o6
capacity to drainage coefficient*, with higher f* val- 32 oo A
ues (shallower soils relative to the infiltration capacity and 52 Oy Oa©° 1
drainage coefficient) resulting in bigger differences in pre- g3 xé&é A
dictions (more negative) of saturation excess. This was be- (a) & & O‘E § QQ E N N X
cause less water was required to saturate the soil profile so = § ')?ﬂiwggg‘
more saturation excess was predicted from the same amount § S 01t % -
of water entering the soil profile and thus resulted in bigger s 2 smz
differences in predictions from different rainfall resolutions. E g o2t A Op _

From Fig. 6a it can be seen that the maxima of the pos- S g
itive differences did not all occur at the samekinvalue. 03 , . , , )
This was because infiltration excess was not being triggered ] 0 1 > 3 4 5
at such low intensity storms. Instead, the maximum differ- In k*
ences depended on how fast the soil was draining in relation
to how fast the water was entering the soil i.e. gfigparam- 03 ) ' ' X =027
eter. Figure 6b presents the differences in amounts of satura- O f=0.48
tion excess according to changigy values. It can be seen 02F g A =10
that the maxima of the positive differences in saturation ex- ©a
cess occur when the saturated drainage rate was 7.4 times the 0.1F A %°o .

average storm intensity (gi=2). This was the point where

low resolution rainfall began to trigger the storage capacity (b)
threshold. These results show that in soils susceptible to sat-
uration excess, surface runoff predictions can be affected by

o X
0f % AO&;}%&” X -
I

Difference in mean amount of
dimensionless saturation excess

‘ ; X . : -0.1F -
rainfall resolutions at lower intensity storms than soils not A '9(88 S
susceptible to saturation excess. It also demonstrates that at 02 A g
lower average intensity storms the rate at which water enters e )

the soil may be under predicted with the use of low reso-
lution rainfall and therefore result in an under prediction of 0.3
drainage and the potential for the leaching of agri-chemicals.

In Fig. 6 it can be seen that the size of the negative dif-
ferences clearly relate to thg* values, but the positive dif-
ferences are more variable. This can be explained by th&ig. 6. The difference in mean dimensionlegs amount_of saturation
scaling methods used. The scaling related steady state cofX¢€SS between 1.875*and 120 min resolution acgordmg to changes
ditions or the average storm intensity to soil properties, put" () the natural log _Ok ff’mf(b) the natural log o™ for the Cl.aY‘.
it did not account for the variations in intensities throughout loam and layered So'ls.w'tﬁ Valu.es 0f0.27,0.48 and 1 and initial

. . soil water contents at field capacity.

a storm when smaller time steps were used (higher resolu-
tion rainfall). The soil storage capacity was scaled relative
to steady state infiltration and drainage rates and did not ac- o )
count for the variations in the rate of water entering the soilters. For example, the clay soil, with a much slower drainage
when high rainfall resolutions were used. When the rain-fésponse timezi) required a deeper soil (5 times) to have
fall intensity exceeded the infiltration capacity the water en-the same drainage coefficient in relation to maximum infiltra-
tered the soil at a constant intensity (equal to the infiltrationtion rate than the loam soil. But the range of intensities enter-
capacity) and this is why the negative differences in satu-ng the clay soil was only 0-12mnth in comparison to 0—
ration excess scale with the* parameter. However, when 24mm T of the loam. Meaning that the clay soil requires a
the rainfall intensity did not exceed the soil infiltration ca- higher average intensity storm relative to the drainage coeffi-
pacity and the input was high resolution rainfall the water cient (smalleg* value) before the storage capacity threshold
entered the soil at variable intensities. But the scaling didiS exceeded.
not account for the range in the rates that water could enter An illustration of how using low resolution rainfall can
the soil. For this reason, differences in amounts of saturachange from an over prediction of saturation excess to an
tion excess between high resolution rainfall and steady statender prediction of saturation excess is shown in Fig. 7.
conditions were different for the soil types simulated evenThis figure illustrates examples of different storms and dif-
though these soils have the saifieandg* scaling parame- ferent “stages” of threshold triggering and how this threshold

Ing*
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Fig. 7. An illustration of the different “stages” of threshold triggering; both resolutions trigger the threslagifdar{da(ii)), only the high
resolution triggers the infiltration excess thresh(i¢l)) and both resolutions trigger the storage threslkib(d)), only the high resolution
rainfall triggers the saturation excess threshgl@)) and neither resolution triggers either of the threshott{f§y @ndd(ii)) and how these
different “stages” relate to total storm infiltration exc€e§)) and saturation excegs(ii)) for two different resolutions and the differences
in these predictiond () andf(ii)) for the two resolutions.
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triggering also interacts with changes in the triggering of in- 03 : : : : :
filtration excess. A cay

[%)] O loam

While the initial soil moisture made a difference to the 3 & O layered

amount of surface runoff predicted it only made a small dif- 5 ‘g’ O(%@
ference to the differences in predicted amounts of saturation g g 0.2} o gA .
excess between high and low resolution rainfall. g G B %

T % &A oo

£ 5 'ﬂgA A 4Ca
3.4 Surface runoff é S 01f A A0 I

oo S L)

o E o~A

= N o
Total surface runoff was a combination of infiltration excess a ﬁ LS
and saturation excess and was always under predicted by low 0f 2 - s O gy ark
resolution rainfall (Fig. 8). The biggest differences in surface -1 0 1 2 3 4 5
runoff occurred on soils where maximum infiltration capaci- In g*

ties were equal to or less than 1/5th of the drainage coefficient

(f*<0.2), when no saturation excess was produced so alkig. 8. The difference in dimensionless surface runoff between
surface runoff was attributed to infiltration excess. Wi€n  1.875 and 120 min resolution according to the natural log*ofor
was greater than 0.2, saturation excess started to be producgd values of 0.20, 0.27 and 0.48 for clay, loam and layered soils.
and surface runoff became more sensitive to rainfall resolu-

tions at lower intensity storms. Surface runoff predictions .

were most sensitive to rainfall resolution when the drainage3-5 Dynamics

coefficient was 7.4 times greater than average rainfall inten- . _

sity (Ing*=2). The biggest differences in total surface runoff NOt only were predicted amounts of surface runoff different
were the same as the biggest positive differences in Saturaaccordlng to ralnf_all resolutlpn buF also the. dynamics pf this
tion excess. This was because at this point low resolutior{unOﬁj With the high resolution ra'”fa”,ha"'”g much higher
rainfall was not producing any surface runoff and high res-Intensity peaks than the lower resolution rainfall, the max-

olution rainfall was producing saturation excess runoff. At Imum intensities of the infiltration excess produced by the
higher rainfall intensities (loweg*), the difference in total  Mgh resolution rainfall were also much higher.  Maximum

surface runoff amounts was smaller, but this was becaus&'tensities of saturation excess produced by high resolution
the low resolution rainfall was predicting saturation excess'@infall were buffered by an infiltration capacity and also soil

runoff, in contrast to the high resolution rainfall which was depth and drainage rates. Comparing Fig. 9a(i) to 9a(ii) it

predicting more infiltration excess. So although the sensi-C2n be seen that the differences in maximum saturation ex-

tivity of total amounts of surface runoff appears to be lower €SS Were much smaller than the differences in maximum
at high intensity storms (loweg*), the process that domi- infiltration excess. This means that when runoff was dom-

nated runoff depended on the rainfall resolution. This will inated by saturation excess, rainfall resolution had less effect

not only affect the dynamics of predicted surface runoff but O maximum intensities than when runoff was dominated by
also predicted amounts of water entering the soil and there!_nflltratlon excess. In contrast, the differences in frequency

fore predictions of soil moisture and drainage (as discusseaﬂflltratlon excess and saturation excess were triggered and

in the saturation excess section). This is strictly valid wherethe differences in time both infiltration excess and saturation

two and three dimensional processes such as lateral subsifxcess was active between resolutions was far more similar
face flow and groundwater interaction are negligible. Thisfor the two different runoff processes. Surface runoff pre-

may be the case on the upper parts of a hillslope where therdicted by high resolution rainfall and dominated by infiltra-
is no lateral flow of water. tion excess had shorter more intense bursts of runoff, whereas

runoff predicted by high resolution rainfall and dominated by

Figure 8 has been presented according to soil types. Asaturation excess was more sporadic and only slightly more
£*=0.2, where all surface runoff was attributed to infiltration intense than surface runoff predicted by low resolution rain-
excess, the differences in predictions for all soil types werefall. To quantify this we can look at plots of the way the
the same. Forf* values greater than 0.2 the slower drain- mean maximum intensities, the frequency and the time each
ing clay soil had smaller differences than the faster drain-process was active throughout a storm event changed with
ing loam and layered soils for reasons outlined in the saturaour scaling parameters} andg* (Fig. 9).
tion excess section. Thus, predictions of surface runoff, for
all soils, were most sensitive to rainfall resolutions when alll
runoff was attributed to infiltration excess only.
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Fig. 9. Differences in the dynamics of infiltration excess (i) and saturation excess (ii) for clay, loam and layered soils with changing soil-storm
properties (Ik* and Ing*). These dynamics include dimensionless mean maximum inten@iiefsequencies the threshold was triggered
(b) and time the process was active during the st@@n

3.6 Implications for larger scale predictions infiltration capacity, previous studies on the effects of rainfall
resolution on hillslope runoff predictions have had mixed re-
sults. Numerous larger scale (hillslope to catchment) studies

The implication of these findings to larger scales, such as thgave concluded that temporally averaging rainfall inputs re-

hillslope, is uncertain. Whilst our point scale results supportsulted in under predictions of runoff amounts and peak runoff

the hillslope results of Bronstert and Bardossy (2003) whointensities (Bronstert and Bardossy, 2003; Wainwright and

also found that the sensitivity of predictions of infiltration parsons, 2002; Singh, 1997; Woolhiser and Goodrich, 1988).

excess to rainfall resolution were highest when the averagen constrast, Reaney et al. (2007) showed that the tempora|
rainfall intensity was in the same order of magnitude as the
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averaging of rainfall inputs can result in either an over pre-

0.4

979

diction or an under prediction of hillslope surface runoff. Ex- ' ' o Lewdega‘e'rainfall
perimental studies have shown the importance of temporal -9 a O Kaigoorle infal
rainfall structure on hillslope runoff lengths (Stomph et al., g A Port Hodland raintal
2002; Puigdefrabregas, 1999). Puigdefabregas (1999) ex- § s 03 o 1
plains that pauses in rainfall allow overland flows to infiltrate = § o 0

and thus constrains overland flow lengths. In contrast, long = g o a

lasting saturation excess overland flow covers greater dis- EE 02| N J
tances (Puigdefabregas, 1999). Cameraat (2004) illustrated ¢ ¢ o

that the frequency of rainfall events that trigger plot scale g2 8

runoff was higher than the frequency of rainfall events that g = 01 S o

trigger hillslope or catchment runoff, illustrating that at the & | AO A ]
finest scales, soil properties such as infiltration capacity are O % A8 o

very important in controlling runoff triggering, whereas at o

larger scales, such as the plot and hillslope, the spatial pat- 0_2 1 (') 1 2 8 éﬂ 4
tern of vegetation plays an important role in the triggering of

runoff thresholds. These experimental studies highlight the In k*

complex nature of scaling point scale runoff predictions to

|arger scale runoff predictions which is beyond the scope oﬂzlg 10. Difference in the mean dimensionless amount of infiltration
this paper. excess between 1.875 and 120 min resolution with changes in the

natural log ofc* for rainfall generated from Newdegate, Kalgoorlie

3.7 Application to other rainfall regions and Port Hedland.

When_the same sensitivity analysfls was apphed using d'ﬁer'be influenced by rainfall resolution for over 75% of rainfall
ent rainfall parameters (more variable rainfall from the trop- o ,ants in the last 3 years in Broome and Port Hedland, lo-
ics) the maximum differences between runoff predicted from 4t in the tropics, for 65% of events in Kalgoorlie and over

high and low resolution rainfall occurred at the same soil- 4q94 of events in Perth and Newdegate. For the loam soil,
storm properties. That IS, maximum differences in infiltra- e rcentages of events in which point scale surface runoff pre-
tion excess occurred at ki=0.4. However with more vari-  gictions influenced by rainfall resolution ranged from 60% in
able rainfall these maximum differences were larger. Portg,jome to 25% in Newdegate. For sandy soils with a high
Hedland, with the most variable rainfall analysed, had dif-;nfration capacity infiltration excess predictions were only

ferences in infiltration excess predictions between 1.875 MiNftacted in rainfall regions with high intensity storms such

and 120 min rainfall resolutions of 34% as compared to 26%,< Broome and Port Hedland. Only 2% of rainfall events in

using south west rainfall parameters (Newdegate). Thismus'rainfall regions with less intense rainfall events, Perth and

trates that for all rainfall types this peak sensitivity of point Newdegate, caused discrepancies in infiltration excess pre-
scale surface runoff predictions to rainfall resolutions occursy;-tions with the use of low resolution rainfall. This analysis
at the same soil-storm relationships and can be used 10 preg, s that the proportion of rainfall events likely to show dis-
dict whether rainfall resolution will influence runoff predic- ¢ ehancies in infiltration excess runoff due to different rain-
tions for locations in Filﬁgrent rainfall reglqng. ] ~ fall resolutions will be highest in tropical regions with high
We looked at the likelihood runoff predictions will be in-  jhtensity storms on slow infiltrating soils and least in rainfall
fluenced by rainfall resolution by analysing the storm proper-regions with less intense rainfall and faster infiltrating soils.
ties from 5 locations across Western Australia. The averagey general understanding of the prevailing rainfall conditions
storm intensities from at least 3 years of one minute rainfall 5§ il infiltration rates could prove very useful in deter-

data were used to categorize the fraction of rainfall eventsyining whether high resolution rainfall data is required for
that fall into the different categories of threshold triggering g,rface runoff predictions.

i.e. whether both resolutions trigger the infiltration excess

threshold, when only the high resolution rainfall triggers the

infiltration excess threshold or neither resolution triggers the4 Conclusions

infiltration excess threshold. Figure 11 illustrates the fraction

of storm events that fall into these three different categoriesThis paper demonstrates that rainfall resolution has a direct
for 5 locations across Western Australia for a clay, loam andeffect on the triggering of point scale hydrological thresh-
sandy soil. It can be seen that the fraction of storms whicholds. It used a dimensionless analysis to highlight the soil
rainfall resolution may influence runoff predictions changesand storm conditions where point scale surface runoff pre-
for different locations and soil types. The model suggestsdictions were most sensitive to temporal rainfall averaging.
that point scale surface runoff predictions on clay soils wouldThe biggest differences in surface runoff predictions using
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Fig. 11. The fraction of rainfall events where both rainfall resolutions trigger infiltration excess, only high resolution rainfall triggers
infiltration excess or neither resolution triggers infiltration excess for a clay, loam and sand soil at different locations in Western Australia.

different rainfall resolutions occurred where surface runoff Our results question the accuracy of current hydrological
was dominated by infiltration excess and the infiltration ca-models that run under the soil-storm conditions shown to be
pacity was 1.5 times the average storm intensity{k0.4). sensitive to rainfall resolution. Models operating under these
When within storm parameters from 3 different locations conditions and using temporally averaged rainfall may need
were used this maximum difference occurred at the sameo calibrate their infiltration rate to a lower effective rate in
point and ranged from 26—34%. The application of this sen-order to fit field runoff measurements. The use of low reso-
sitivity analysis to different rainfall regions in Western Aus- lution rainfall may over predict the amount of water enter-
tralia showed that locations with higher average storm inten4ing the soil and therefore soil water content and drainage
sities are more likely to produce differences in infiltration ex- at high intensity storms in relation to the soil’s infiltration
cess predictions with different rainfall resolutions. The studyand drainage abilities and under-estimate soil saturation and
shows that a general understanding of the prevailing rainfaldrainage intensities in lower intensity storms where infiltra-
conditions and the soil’s infiltration properties are the key totion excess is not triggered. This may alter our understand-
understanding whether high rainfall resolution is required foring of the system’s ecology and soil water relationships. It
accurate point scale surface runoff predictions. may also influence our ability to predict the leaching of agri-
chemicals causing possible over-predictions in high intensity
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storms and under predictions in low intensity storms. TheHipsey, M. R., Sivapalan, M., and Menabde, M.: A risk-based ap-
study illustrates how predicting the dominant surface runoff proach to the design of rural water supply catchments across
mechanism can depend on the rainfall resolution. Tempo- Western Australia, Hydrol. Sci., 48(5), 709-727, 2003.

rally averaged high intensity storms are more likely to pro- Horton, R. E.. The role of infiltration in the hydrological cycle,
duce saturation excess surface runoff, whereas high resoly-, 17@nsact. Amer. Geophys. Union, 14, 446-460, 1933.

tion rainfall is more likely to produce a larger amount of in- KIrkby, M. J., Bracken, L. J., and Shannon, J.. The influence of
filtration excess runoff. These differences in runoff mecha- ol distribution and morphological factors on runoff deliv-
nisms create differences in the dynamics of surface runoff, ggyog_om dryland catchments in SE Spain, Catena, 62, 136-156,
with infiltration excess being more intense and for shorterKirkbyv M. J. and Cox, N. J.: A climatic index for soil erosion po-

periods of time than saturation excess. The impacts of these tential (CSEP) including seasonal and vegetation factors, Catena,
differences in point scale dynamics on larger scale predic- 25, 333-352, 1995.

tions are uncertain and will depend on hillslope properties.Lovejoy, S. and Schertzer, D.: Multifractals, cloud radiances and
This paper highlights how rainfall resolution impacts point  rain, J. Hydrol., 322, 59-88, 2005.

scale surface runoff predictions and that if we are not accuMenabde, M. and Sivapalan, M.: Modeling of rainfall time series
rately representing point scale processes how can we expect @nd extremes using bounded random cascades and Levy-stable

to understand and predict runoff at larger scales? distributions, Water Resour. Res., 36(11), 3293—-3300, 2000.
Menabde, M., Harris, D., Seed, A., Austin, G., and Stow, D.: Multi-
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