Review Chapter for Red Book

Chapter title:

Surface and subsurface hydrology - I like this one best, but I am pretty boring!?

Surface-subsurface interactions ?

Vadose zone-groundwater interactions?

I like Johan’s dynamic, interesting titles. How about..

“Surface and subsurface hydrology: closing the loop” or 

“Surface and subsurface hydrology: going underground” or

“Surface and subsurface hydrology: linking the visible and invisible”

Kate Heal, Susan Hubbard, Stefan Uhlenbrook

For circulation: Kate -> Susan -> Stefan -> Kate by 1st November 2003

Chapter Structure 10th October 2003

I have structured the chapter according to the structure discussed in Sapporo, i.e. milestones, state of the art, key references, chapter length 5,000-8,000 words. We agreed that Gaps would go in a separate chapter so I devoted much space to these. 

The Paris presentations have been used as a basis for chapter material. For each section I have suggested who could be the primary author and an approximate word limit in order to fit into the recommended chapter length. I have subdivide authorship quite a lot: you may feel that it would be better for one person to take the lead for each of the large chapter sections.

Of course these are all just suggestions so feel free to make changes.

1. INTRODUCTION (Alternative title “Closing the loop”) [Kate 500 words]

· Basic hydrology research questions (adapted from Stefan’s Paris slide):

· Where does precipitation water go when it falls to the ground?

· Which pathways does water and contaminants take through catchments/subsurface?

· What is the water residence time in different surface, soil or groundwater systems?

· Which features act as the predominant control of hydrological processes and over what temporal and spatial scales?

· What controls water quality (or: What are the interactions between biogeochemical and hydrogeological processes)?

· How does hydrology affect aquatic ecology?

· In order to answer these questions it is vital to consider surface-subsurface hydrological interactions. Too often surface and subsurface hydrology are considered in isolation from each other and from atmospheric hydrology, but their interaction is vital for process understanding, modelling groundwater recharge and surface and groundwater quality, ecohydrology, rainfall-runoff response.

· Would it be useful to include a systems diagram showing surface and subsurface hydrological pathways?

· Define chapter scope. First, consider milestones in surface and subsurface hydrology in past 20 years. Second, present state-of-the-art in the field (i.e. what answers can we provide to the basic hydrology research questions?). The discussion will include water quality and ecohydrology and will encompass scales from hillslope to catchment.

2. MILESTONES (Alternative title “Stepping stones and holes in the ground”) 

 (from Stefan’s, Kate’s and Susan’s Paris slides)

2.1 Milestones in conceptual model development and theory [Stefan 1000 words]
· Use of rational scientific method to identify cause of hydrological change.

e.g. Multiple competing hypotheses paper (Battarbee et al.) identified cause of freshwater lake acidification by applying the scientific method to different types of evidence from soil chemistry to lake sediment cores.

· Recognition of the importance of scale to flow and transport ssh
Attempts to understand and incorporate effects of scale to water flow and contaminant transport problems and to characterise at appropriate scale (e.g., Gelhar 1986, 1992, 1993). Example from surface hydrology?

· Recognition of the importance of spatial heterogeneity to flow and transport problems ssh
e.g., Borden Site, Canada (Sudicky, 1986). Sandy aquifer of horizontal, discontinuous lenses with sand, silt, clay. Hydraulic conductivity measurements obtained from 1279 wellbore samples revealed spatial heterogeneity.

· Significance of topography

Hillslope hydrology, relation between topographic units, topographic index [ln (α/tanβ)] and TOPMODEL (Kirkby, 1978; Beven & Kirkby, 1979). Simplified  parameterisation of hillslope hydrology models.

· Importance of soil chemical processes and hydrological pathways for controlling water quality in rivers/lakes (Rosenqvist, 1978).

· Appreciation of interaction of atmosphere, soil, vegetation and human activity in determining runoff flows and quality from biogeochemical cycling studies in whole catchments, e.g. Hubbard Brook (Likens et al., 1977).

· Interaction between solutes and sediments in channels: rivers are not passive conduits for water (Bencala).

2.2 Milestones in Measurement Techniques [Susan 1000 words]
· Use of flow tracers (environmental, isotopic, artificial) - stefan
· new hydrological information: origins and ages of different water bodies; estimate of degree of mixing; location and proportion of groundwater recharge; velocity of subsurface flow.

· New hydrological theories: macropore flow; significance of pre-event water during storm flow; piston-flow; groundwater ridging (Mosley, 1979, 1982; Sklash & Farvolden, 1979).

· Improved subsurface characterization approaches ssh
Increased use of geophysical methods for non-invasive subsurface characterization over multiple spatial scales. 

· Data fusion: increased use of statistical methods (linear, non-linear, non-parametric, Bayesian, etc.) ssh
2.3 Milestones in Modelling [Stefan 1000 words]
· Aggregated dead zone model offers new approaches to flow routing and water quality modelling in rivers – offered an alternative to the advection-dispersion equation (Beven).

· Development of approaches to model the unsaturated zone (Van Genuchten).

· Release of MODFLOW by USGS in early 1980s and subsequent development of modelling codes to handle more complex situations. E.g., Tough2 for handling coupled formulations for fluid flow, heat transfer, solute transport, geochemical processes and microbial activity. E.g., Description of sparingly soluble fluid-fluid displacement in porous materials, such as NAPL and water. ssh
· Stochastic modelling approaches ssh
Mathematical description of flow using approaches based on stochastic description of natural variability. E.g., solution of stochastic partial differential equations for spatial moments (mean and variances) of flux and head (Rubin, 1990; Rubin and Degan, 1992).

· Quantification of uncertainty in parameters

· Adoption of geostatistical approaches for modelling variability of hydrological parameters, e.g., NATO Asis 1975, 1983. Publications such as Mining Geostatistics, 1978 (Journal and Huijbrechts) – is this distinct from the uncertainty bulletpoint above?

3. STATE-OF-THE-ART IN SURFACE AND SUBSURFACE HYDROLOGY

I have tackled this section by examining how well we can answer the basic research questions, but any other suggestions are welcome…

3.1 Where does precipitation water go when it falls to the ground? [Kate 500 words]
· From catchment studies we have a good understanding of the effect of different vegetation covers on flooding and catchment water yield for temperate latitudes, but not for tropical latitudes. However, there is still considerable debate about the effect of different vegetation covers on low flows. Problem of many case-studies in different environments (climate, geology, soils, management, etc.) but lack of synthesis of results.  

3.2 Which pathways does water take through catchments? [Stefan 500 words]
· We have good (qualitative) knowledge about preferential pathways and macropores, but no common modelling strategy.

· We have identified the main hydrological pathways in small headwater catchments, but are unsure how these scale up to larger basins. We know that pre-event water makes a significant contribution to storm runoff, but this is often ignored in models.

3.3 What is the water residence time in different surface, soil or groundwater systems? [Stefan 500 words]
· We can provide good estimates of water residence times for specific situations from tracer studies.

3.4 Which features control hydrological processes? [Susan 500 words]
· Topography and depth to bedrock are important controls for hillslope hydrology. stefan
· We know that different features control hill slope hydrology in different environments but lack a common framework to generalize or regionalize processes. stefan
· We can characterize many hydrological parameters in small samples in the lab, but do not know how to use these data at different scales and for modelling (e.g., ksat, PF).ssh
· Considerable progress has been made in the development and application of non-invasive in situ characterisation techniques, e.g., use of geophysical methods for subsurface characterisation, but need to ensure that characterization is performed at the appropriate scale.ssh
3.5 What controls water quality? coupled biogeochemical-hydrogeological processes [Kate 500 words]

· We have a good (qualitative) knowledge of the controls on water quality – residence time, microbial activity, geochemistry, atmospheric deposition, but no common modelling strategy. Poorer knowledge of the kinetics of processes affecting water quality.

· Developing coupled models of flow, solute transport, geochemical processes and microbial activity.

· Knowledge of instream processes affecting water quality (especially solute-sediment interactions) but do not know how important these processes are at the larger scale and do not often incorporate them in models.

3.6 How does hydrology affect aquatic ecology? [Kate 500 words]
· We are a long way from answering this question because of the difficulty of designing studies to examine response of aquatic fauna to hydrological conditions without modifying animal behaviour.

· Too often ecohydrological models ignore ecological factors affecting habitat use and animal behaviour, e.g., territorial behaviour, animal status.

· Good (qualitative) understanding of factors affecting aquatic ecology at small-scale of the reach but do not know how to scale to whole river channel.

4. CONCLUSIONS (Alternative title “Mind the gap!”) [Kate 500 words]
· Progress has been made in last 20 years in providing answers to the basic research questions that surface and subsurface hydrology address. We have a good qualitative knowledge of the range of hydrological processes that operate, and are able to quantify processes (and uncertainties) in specific situations. However we still lack a common framework to generalize and/or regionalize processes between all the case-studies.

· Many gaps in common in surface and subsurface hydrology: scale, modelling, coupled processes, characterization, uncertainty, measurement and technology.

· Need over next 20 years to develop approaches that incorporate complexity of interactions between atmosphere/surface water/vadose zone/groundwaterat the appropriate scale and that include estimates of the uncertainties. Combined field and modelling studies are required to achieved this.
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