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Abstract 

The use of integrated surface and subsurface hydrologic models (ISSHM) to understand the flow exchange processes 

occurring in stream-wetland areas may give important insights to researchers and water resource managers in terms of 

understanding where groundwater preferentially discharge to stream valleys. How to best monitor and quantify the surface 

water – groundwater interaction is a non-resolved issue. Several techniques have been proposed based on the use of heat 

as a tracer and they aim to provide robust and reliable results. An ISSHM of a stream-wetland area in central Jutland 

(Denmark) is developed in order to create a benchmark model that could better constrain the applicability of such 

techniques. 

 

Introduction 

The use of heat as a tracer to locate and quantify surface water – groundwater interactions has been used in several 

different ways, obtaining with it information about processes such as water infiltration (groundwater recharge) and 

groundwater upwelling (groundwater discharge) as well as to describe the effect of temperature changes in hydraulic 

conductivity [1]. 

Temperature depth profiles, Distributed Temperature Sensing (DTS) and the use of airborne thermal imaging, among 

others are interesting techniques with the capability of using heat to recognize processes of water exchange between the 

surface and the ground in a variety of environments (coastal areas, rivers, lakes). However, these methods have shown 

that the uncertainty in both the selection of heat parameters that go into models used to estimate water exchange fluxes 

and the field instrumentation location can lead to a wide range of possible results for the same study area ([2], [3], [4]). 

We are specifically interested in groundwater upwelling to the land surface in wetland areas and subsequent overland 

flow as we believe this is generally an overlooked flow component and because our own field studies have shown that it 

may be important relative to base flow. Drones equipped with thermal infra-red cameras could be one heat tracer technique 

that can map such areas at the scale of a catchment. But, there have been no quantitative studies on how subsurface flow 

and heat transport to stream valley combat with solar energy inputs to decide on the ground (skin) temperature. 

 

The integrated surface and subsurface hydrologic model 

A surface water – groundwater flow and heat transport model is developed using HydroGeoSphere (HGS) in order to 

simulate the behavior of a stream-wetland area in central Jutland, Denmark. The model incorporates the surface water 

run-off and flooding processes occurring in the wetland due to groundwater upwelling as well as the groundwater flow 

and the river – aquifer interactions.  

We investigate with HGS what temperature responses one can expect in different compartments of a stream-wetland 

system; (1) how will the temperature dynamics look like at the ground surface in areas with and without significant 

groundwater upwelling? (2) How does this correlate with the flow dynamics and temperature distributions in the 

subsurface? (3) What is the sensitivity of the parametrization of the model on such dynamics and correlations? (4) What 

climate and hydrogeological conditions are optimal for using drones to map the skin temperature and find areas of high 

discharge? (5) What kind of metrics can be derived to indicate areas with preferentially higher discharge? 



This is what we call a benchmark problem By the use of this model we aim to: (1) better understand the processes involved 

in the surface water – groundwater interactions in stream-wetland areas and specifically groundwater upwelling, (2) define 

the applicability of heat as a tracer to quantify the flow rates between stream/land and the aquifer and how this affects the 

feasibility to both locate and quantify them by monitoring the study area using temperature profiles, DTS and airborne 

thermal infrared imaging, and (3) the results could provide insights to how to design the most interesting locations for 

monitoring [5]. 
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