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*he,residence,time,distribution,Sä*+W,of,water,in,catchments,is,a,promising,tool,to,characterize,
and, model, solute, transport, on, a, larger, scale5, Qince, ä*+‘s, cannot, be, measured, directly.,
numerical, water, flow, models, and, particle, tracking, algorithms, are, valuable, tools5, ß, coupled,
surface,and,subsurface,flow,model,was,created,for,a,small,catchment,within,the,•arz,qountains.,
'ermany5,•ere,we,present,a,new,approach,to,obtain,ä*+,directly,from,velocity,fields,which,were,
generated,with,our,numerical,model5,²ur,objectives,are,to,systematically,evaluate,the,impact,of,
varying, geometries, and, groundwater, recharge, rates, on, ä*+:s, for, steady, state, simulations5,
ßdditionally., transient, simulations, were, performed, to, investigate, dynamic, ä*+, and, reveal, the,
dominant,controls,of,catchment,characteristics5

xntroduction äesults(
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•,fixed,two"layered,setup,with,homogenous,soil,
,,properties,SVan,'enuchten.,kf,and,porosityW

•,variations,of,lower,boundary,depths,Sn,/,6W,and,
groundwater,recharge,rates,Sn,/,(6W

•,two,main,domain,bottom,geometries,
Shorizontal,[a],and,variable,[b]W

•spatially,distributed,heterogenous,soil,
properties,

•,transient,meterological,observations,
S(2,year,time,seriesW

•,no,change,in,bottom,geometries,under,
transient,conditions

@omplex,ä*+:s,have,been,obtained,for,steady,state,and,transient,model,solutions5,*hey,were,
used,to,test,parameter,fields.,model,geometries,and,time,series,independently5

Qteady,state,results,indicate,a,strong,influence,of,model,geometry,and,groundwater,recharge,
rates,on,ä*+‘s,characteristicI
,,,•,varying,groundwater,levels,activate,different,subsurface,flow,paths
,,,•,mean,travel,time,and,variances,differ,significantly,for,changing,volumes,and,recharge,rates

*he,transient,results,of,dynamic,ä*+:s,reveal,a,complex,non"linear,interrelationship,between,the,
temporal,change,of,hydrological,states,Se5g5,pre"event,discharge.,soil,moisture.,groundwater,
heads.,etc5W,and,the,probability,of,an,individual,water,parcel,to,leave,the,catchment,0,storage5

Outure,particle,tracking,analysis,will,concentrate,on,particle,age,distributions,in,storage.,
evapotranspiration,and,their,relation,to,discharge,age,distributions5

ä*+,spans,particle,ages, from,hours, to,serveral,years,showing,complex,shapes,depending,on,
groundwater,recharge,and,geometry,setup

*ransient, ä*+, reveal, injection, time, dependent, particles, ages, up, several, hundred, days, with,
rather,simple,shapes5,•owever.,just,a,small,fraction,of,the,total,injected,particle,amount,can,be,
retrieved,Sup,to,16MW,within,the,captured,time,period5,*he,rest,remains,in,the,catchment,storage,
and,are,released,in,later,stages5

ßbstract,x+I,(3)1

,,,•,•ydro'eoQphere,S•'Q,",ßquanty,xnc5W

Model properties:

,,,ßrea,,,,,,,,,,,,/,~,(5J225222,m²
,,,@omplexity,,/,~,125222,nodes,0,(,to,62,m,resolution
,,,%ayer,,,,,,,,,,,/,1,to,(1,unique,independent,layers
,,,qin5,depth,,,/,varying,domain,bottom,1,to,62m,,,
,,,4oundaries,,/,precipitation,SsurfaceW.,pot5,evapotranspiration,Ssurface,T,root,zoneW.,critical,,
,,,,,,,,,,,,,,,,,,,,,,,,,depth,SoutletW.,varying,domain,bottom,SbedrockW,as,no,flow
,,,
Model input:

,,,precipitation,,,,,,,,,,,/,transient,time,series,Sk2:s,",todayW(W,,,

,,,evapotranspiration,/,transient,time,series,S32:s,",todayW(W.,calculated,with,&enman"qontheith,,,
,,,soil,properties,,,,,,,,/,homogenous,estimates,or,heterogenous,Shorizontal,and,verticalW,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,interpolated,properties,with,a,vertically,coupled,random,forrest,approach

Model output:   

,,,heads.,saturation",T,flow,velocity,fields,Sporous,media,and,overland,flowW.,discharge.,
,,,water,balance.,actual,evapotranspiration

•,evaluated,for,
,,water,balance,
,,and,~Q‘
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,,currently,under,,,
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Steadymstatemsimulations Transientmsimulations

min5,depth

bW +epending, on, the, pre"event, state, of, soil,
moisture, and, groundwater, level, a, specific,
precipitation,event,can,reveal,varying,complex,
ä*+:,shapesI

•,•igh,precipition,rates,and,wet,states,Shigh,
,,groundwater,levelW,result,in,relatively,long,
,,particle,paths,

Steadymstatemsimulations

a)mhorizontalmdomainmbottom:
•,•igh,groundwater,recharge,
,,rates,predominantly,result,in,
,,unimodal,ä*+‘s,and,low,
,,variances
•,ß,decrease,of,groundwater,
,,recharge,activates,longer,0
,,slower,flow,paths,which,results,
,,in,bimodal,structure,and,
,,higher,variances
•,*ipping,point,at,medium,
,,groundwater,recharge,rates,
,,Sca5,),mm,d"(W,indicates,a,,,
,,regime,shift,to,older,age,
,,distributions
•,%ow,groundwater,recharge,
,,shifts,back,to,unimodal,
,,behaviour,and,low,
,,variances

b)mvariabelmdomainmbottom:
•,Unimodal,behaviour,present,
,,for,all,groundwater,recharge,
,,scenarios.,constant,variances.,
,,no,tipping,point,observable

Transientmsimulations

min5,depth
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•,&recipitation,events,during,dry,states,Slow,
,,groundwater,levelW,result,in,shortend,paths

•,%onger,particle,paths,may,form,a,significant,
,,contribution,to,baseflow,periods

•,transient,behaviour,much,more,complex,
,,then,steady,state
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