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Driving factors of non-linearity rainfall-runoff 
relationships at different time scales in small 

Mediterranean-climate catchments



The complexity of Mediterranean fluvial systemsis causedby the multiple temporal and
spatialheterogeneitiesin the relationshipsbetween the natural and human-inducedabiotic
and biotic variables(BorgGaleaet al. 2017). TheMediterraneanclimate, between 32º and
40º N and S of the Equator, is characterizedby a wet and mild winter, a warm and dry
summeranda highinter- andintra-annualvariabilityin rainfallpatterns.

Introduction

Under these climatic conditions,catchmentsare mostly characterizedby a high diversity in
hydrological regimes (Oueslati et al. 2015) promoting significant temporal and spatial
differencesin the hydrologicalresponse. Theseasonalityof the Mediterraneanclimateplaysa
key role in the runoff generationprocesses,increasingthe non-linearity of the rainfall-runoff
relationshipat the eventscale(Lana-Renault,2007).

To reduce the spatio-temporal scale variability, small experimental and representative
catchmentsare useful to observethe hydrologicalresponseunder different or specificland
use,lithologyandhumaneffect 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


Theaim of this work is to investigatethe rainfall-runoff relationshipat different temporal

scalesin representativesmall Mediterranean-climate catchments(i.e., <10 km2), evaluating

the role of lithology and land use. At the annualscale,the runoff responsewasassessedat

43 catchmentsunder a perviousor imperviouslithology. At the event scale,the rainfall-

runoff responseof 203 events was investigated to examine the effects of seasonality,

lithologyandlanduse.

Aim

In addition, the inter- and intra-annual variability of the rainfall-runoff and the temporal

downscaling(i.e., annualto eventscale)wasstudiedin the EsFangarCreekcatchment(3.35

km2; Mallorca,Spain)duringfive hydrologicalyears.



Methods - study areas

Figure1. (a) Map of the smallMediterranean-climate catchmentsselectedto assessthe rainfall-runoff relationshipat the annualand event scale. (b) Map of
MallorcaIsland,showingthe locationof the SantMiquelRiverandEsFangarCreekcatchments. (c) Mapof the EsFangarCreekcatchment,showingthe
different land-uses,the streamnetwork and the gaugingstation. (d) Map of the SantMiquel Rivercatchmentwith the locationof rainfall stationsusedin this
study.

Catchment area from 0.05 to 9.61 km2. Median and standard

deviationof 1.03and2.6 km2 respectively.

Mean annual rainfall from 367 to 1794 mm yr-1 with a median

valueof 833mm yr-1 ± 334mm yr-1.

Mean annual temperature from 6.6 to 17.2º Cwith a medianvalue

of 13.9ºC±3º C.

Thepredominant lithology wasperviousin 12catchments,andwas

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 assessingtheir hydrologicalresponseat the event scale.

The main land useswere agriculture (3 catchments),agroforestry

(3), forestry(1) andshrub(5).



Methods ςhydrological response small Mediterranean-climate catchments

Bivariatestatisticalregressionswere usedto establishthe correlationsat the annualand event scales

betweenrainfallandrunoff in order to assessthe hydrologicalresponse.

At annualscale, data from the 43 representativecatchmentswere collectedto observethe influenceof

lithology on this response; i.e., the catchmentswere classifiedas perviousor imperviousby usingthe

informationregardingthe catchmentsΩcharacteristics(e.g., soil type,soil texture or lithologymaterials)

At the event scale,203 events from 12 representativecatchmentswere classifiedaccordingto (a)

seasonaloccurrence(autumn, winter, springor summer),(b) perviousor imperviouslithology and (c)

mainlanduse(agricultural,agroforestry,forest or shrub)



Methods ςEsFangarcatchment

Rainfalland dischargedata analysisof five hydrologicalyears(2013ς2017) at annual,seasonaland

eventscale(49 events)

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

pre-eventconditionsandeventcharacteristics

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

with different antecedentconditionsor rainfalldynamics

 
a) Pre-event conditions 

   

b) Event conditions 
  

Q0  Baseflow at the start of the flood (m3 s-1) Ptot Rainfall depth (mm) 

AP1d Antecedent precipitation 1 day before (mm)   IPmean30 Average rainfall intensity (mm h-1) 
            IPmax30 Maximum 30' rainfall intensity (mm h-1) 
            Qmax Maximum peak discharge (m3 s-1) 
            R Runoff (mm) 
            Rc Runoff coefficient 

 



Results: small Mediterranean-climate catchments at annual scale

Figure2. Rainfallςrunoff for 43 smallMediterranean-climatecatchmentsat annualscale. Catchmentswith perviouslithology are markedwith a greyhalo. Es
FangarCreekvalueis illustratedwith a blackdot.

Therelationshipbetween
annual rainfall and runoff
showed a significant
positive linear correlation
(R2 =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)



Results: small Mediterranean-climate catchments at event scale

Figure3. Rainfallςrunoff relationshipat event scaleclassifiedby (a) season,(b) lithology and(c) land usesat 12 smallMediterranean-climatecatchments. Out
layersaremarkedwith anellipsoid.

Thehighestseasonalmedianof eventrunoff occurredin winter (4.2 mm). However,
those events occurred during the transition periods depicted a similar median
runoff (autumn = 2.3 mm; spring = 2.2 mm) being the lowest value for summer
events(0.6 mm) (Fig. 3a).

Smalldifferencesbetweenthe medianof runoff eventsin catchmentswith pervious
lithology (2.2 mm) and catchments without pervious lithology (3.1 mm) were
observed. Nevertheless,significantdifferencesin rainfall-runoff relationshipswere
detected as events in catchmentswith pervious lithology showed the highest
correlationandthe lowestscattering(Fig. 3b).

The median event R in forest (37.6 mm) was higher than agricultural (5.0 mm),
shrub(2.0 mm)andagroforest(1.5 mm)catchments(Fig. 3c).



Results: EsFangarcatchment at annual scale

Figure4. Baseflowand quickflowcontributions(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 annualrainfall isalsoillustratedbetweenbrackets.

Linearpositiverelationshipswere observedbetween
annual rainfall, runoff, runoff coefficient, baseflow
andquickflow(R2җ0.84).

An inverserelation between annual runoff and the
numberof dayswith flow wasestablished.

Hydrologicalyears with the largest runoff (2013ς
2014, 2014ς2015 and 2016ς2017) 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
moreRwerealwaysduringautumnandwinter.



Results: EsFangarcatchment at seasonal scale

Figure5. Monthly time seriesof rainfall, R, referenceevapotranspirationduring the study period (2012-2017) at EsFangarCreek. Boxplots show minimum,
medianandmaximummonthlyR. BluedotsshowmeanmonthlyR. Longterm (1964-2017) monthlyrainfalldistributionisalsodepicted.

The seasonaldynamicsof rainfall and
evapotranspiration controlled the
runoff response. Characteristic wet
(winter) and dry (summer) periods
alternated throughout the year,
separated by transition periods (last
autumnandearlyspring).

Autumn was the rainiest season,with
low evapotranspiration and flow
observedat the outlet for 52.7%of the
time.

During winter, flow occurred during
90.6% of the time, although the mean
rainfall amount (294 mm) was lower
than in autumn(326mm).

This more frequent presenceof flow
was caused by the low
evapotranspiration demand, thus
keeping the hydrological pathways
active, as already established in
autumn.



Results: EsFangarcatchment at event scale

Figure6. Relationshipbetween(a)RandRccoefficient,(b) rainfall andRc, (c)
IPmax30 intensity and Rcand (d) base-flow specificdischargeand Rcat Es
FangarCreek. Dotted lines show significant (p< 0.01) fits with a power
function.

Figure7. Selectedeventsfor non-linearityanalysisat EsFangarCreek. Events
with a total precipitationbetweenca. 40-50 mm. Thenumberslocatedat the
peakof eachhydrographindicatethe ID of the eventsrecordedin EsFangar
Creekduringthe studyperiod2012-2017

In Figure7, runoff coefficient ranged from 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


