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Introduction

The complexity of Mediterraneanfluvial systemsis causedby the multiple temporal and
spatial heterogeneitiesin the relationshipsbetween the natural and humaninducedabiotic
and biotic variables(Borg Galeaet al. 2017). The Mediterraneanclimate, between 32° and
40° N and S of the Equator,is characterizedby a wet and mild winter, a warm and dry
summeranda highinter- andintra-annualvariabilityin rainfall patterns

Under these climatic conditions, catchmentsare mostly characterizedoy a high diversityin
hydrological regimes (QOueslati et _al. 2015 promoting significant temporal and spatial
differencesin the hydrologicalresponse Theseasonalityof the Mediterraneanclimate playsa
keyrole in the runoff generationprocessesincreasingthe non-linearity of the rainfallrunoft
relationshipat the eventscale(LanaRenault,2007).

To reduce the spatiotemporal scale variability, small experimental and representative
catchmentsare usefulto observethe hydrologicalresponseunder different or specificland
use,lithology and humaneffect characteristics


https://onlinelibrary.wiley.com/doi/abs/10.1002/eco.2149
https://onlinelibrary.wiley.com/doi/abs/10.1002/hyp.10530
https://dialnet.unirioja.es/servlet/tesis?codigo=113822

Aim

The aim of this work is to investigatethe rainfallrunoff relationshipat different temporal
scalesin representativesmall Mediterranean-climate catchments(i.e., <10 km?), evaluating
the role of lithology and land use At the annualscale,the runoff responsewas assesseat
43 catchmentsunder a perviousor imperviouslithology. At the event scale,the rainfalt
runoff responseof 203 events was investigatedto examine the effects of seasonality,

lithologyandlanduse

In addition, the inter- and intra-annual variability of the rainfallrunoff and the temporal
downscaling(i.e., annualto eventscale)wasstudiedin the EsFangarCreekcatchment(3.35

km?; Mallorca,Spain)during five hydrologicalyears
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Methods - study areas
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Thepredominantlithology wasperviousin 12 catchmentsandwas

imperviousin the other 31.

Within the 43 catchments the studiesof 12 of them alsocontained

information related to the main land uses which wasusedin this
paper for assessingheir hydrologicalresponseat the event scale
The main land useswere agriculture (3 catchments),agroforestry
(3), forestry (1) andshrub(5).

Figurel. (a) Map of the small Mediterraneanclimate catchmentsselectedto assesghe rainfalkrunoff relationshipat the annualand event scale (b) Map of
Mallorcalsland,showingthe locationof the SantMiquel Riverand EsFangatCreekcatchments (c) Map of the EsFangarCreekcatchment,showingthe

different land-uses,the streamnetwork and the gaugingstation. (d) Map of the SantMiquel Rivercatchmentwith the location of rainfall stationsusedin this
study.



Methods ¢ hydrological response small Mediterraneatiimate catchments

Bivariatestatistical regressionsvere usedto establishthe correlationsat the annualand event scales

betweenrainfallandrunoff in orderto assesshe hydrologicakesponse

At annualscale datafrom the 43 representativecatchmentswere collectedto observethe influenceof
lithology on this response i.e., the catchmentswere classifiedas perviousor imperviousby usingthe

informationregardingthe catchment§rharacteristicge.g., soiltype, soiltexture or lithology materials)

At the event scale, 203 events from 12 representative catchmentswere classifiedaccordingto (a)
seasonaloccurrence(autumn, winter, springor summer),(b) perviousor imperviouslithology and (c)

mainlanduse(agricultural agroforestry,forest or shrub)



Methods ¢ EsFangarcatchment

Rainfalland dischargedata analysisof five hydrologicalyears (2013 ¢ 2017 at annual, seasonaland

eventscale(49 events)

At evet scale,8 variableswere derivedfrom hyetographand hydrographand there were classifiedinto

pre-eventconditionsand eventcharacteristics

a) Preevent conditions b) Event conditions

Q Baseflow at the start of the flood ra?) Pot Rainfall depth (mm)

AP1d Antecedent precipitation 1 day before (mr IPnean30  Average rainfall intensity (mmth
IPnax30 Maximum 30’ rainfall intensity (mmth

Qmax Maximum peak discharge {is1)
R Runoff (mm)
R Runoff coefficient

Fornon-linearity analysis,7 eventswere selectedwith a rainfall depth rangefrom 41.8 to 49.8 mm but

with different antecedentconditionsor rainfalldynamics



Results: small Mediterraneailimate catchments at annual scale
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Therelationshipbetween
annual rainfall and runoff
showed a significant
positive linear correlation
(R =0.68; p<0.01).

However, some scattering
was also apparent in the
relationshipbecausewhen
catchmentswith pervious
lithology were not
included, the regression
increased(R2 = 0.82; p <
0.01)

Figure2. Rainfall¢ runoff for 43 smallMediterraneanclimate catchmentsat annualscale Catchmentswith perviouslithology are markedwith a grey halo. Es

FangaiCreekvalueisillustratedwith a blackdot.



Results: small Mediterraneaiclimate catchments at event scale
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Smalldifferencesbetweenthe medianof runoff eventsin catchmentswith pervious
lithology (2.2 mm) and catchments without pervious lithology (3.1 mm) were
observed Neverthelesssignificantdifferencesin rainfallrunoff relationshipswere
detected as events in catchmentswith pervious lithology showed the highest
correlationandthe lowestscattering(Fig 3b).
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Figure3. Rainfallc runoff relationshipat event scaleclassifiedby (a) season(b) lithology and (c) land usesat 12 smallMediterraneanclimate catchments Out
layersare markedwith anellipsoid



Results EsFangarcatchment at annual scale
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Linearpositiverelationshipswere observedbetween
annual rainfall, runoff, runoff coefficient, baseflow
andquickflow (R2 »0.84).

An inverserelation between annual runoff and the
numberof dayswith flow wasestablished

Hydrologicalyears with the largest runoff (2013
2014 20142015 and 201652017 showed fewer
days with flow and a lower baseflow contribution
(<60%).

In theseyears 50%to 62% of the annualrunoff was
reachedin 5 or fewer days In addition, days with
more Rwere alwaysduringautumnandwinter.

Figure4. Baseflowand quickflow contributions (mm) in the total flow for eachhydrologicalyear (Octoberto September)at EsFangarCreek TheannualRcis
depictedin %aswell asthe total numberof days(d) with recordedflow at the gaugingstation. Thetotal annualrainfallis alsoillustratedbetweenbrackets



Results EsFangarcatchment at seasonal scale
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Autumn was the rainiest season,with
low evapotranspiration and flow
observedat the outlet for 52.7% of the
time.
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During winter, flow occurred during
90.6% of the time, althoughthe mean
rainfall amount (294 mm) was lower
thanin autumn (326 mm).
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Figure5. Monthly time seriesof rainfall, R, referenceevapotranspirationduring the study period (20122017 at EsFangarCreek Box plots show minimum,
medianand maximummonthly R Bluedots showmeanmonthly R Longterm (19642017 monthly rainfalldistributionis alsodepicted



Results EsFangarcatchment at event scale
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In Figure 7, runoff coefficient rangedfrom 1% to 65% dependingon the
catchment moisture conditions, rainfall intensities and seasonality
characteristics The highest hydrologicalresponseoccurred under marked
wet soil moisture conditions in the winter period, even with low rainfall
intensities

Figure6. Relationshighetween(a) Rand Rccoefficient,(b) rainfalland R¢ (c)
IPma80 intensity and Rcand (d) baseflow specificdischargeand Rcat Es
FangarCreek Dotted lines show significant (p< 0.01) fits with a power
function.

Figure7. Selectedeventsfor non-linearity analysisat EsFangarCreek Events
with atotal precipitationbetweenca 40-50 mm. Thenumberslocatedat the
peakof eachhydrographindicatethe ID of the eventsrecordedin EsFangar
Creekduringthe studyperiod2012-2017



