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1. Background 
Groundwater flooding is increasingly being recognised as a hazard (Bloomfield and 
McKenzie 2005, Jacobs 2004). Local knowledge of historic groundwater flooding 
events has generally been the only guide to an area’s vulnerability to flooding. 
Unfortunately, local knowledge of groundwater flooding is patchy and can be 
unreliable, and often groundwater flooding is not recognised as a distinct event, being 
masked by surface water floods. (Marsh, and Dale 2002)  There is clearly a need to 
assess areas susceptible to groundwater flooding.  

Work was undertaken to produce a national map of groundwater flooding 
susceptibility for the UK (ver.1.0). Two main types of flooding were considered: 

“Alluvial (or permeable superficial deposits – PSD) flooding” associated with 
rivers hydraulically connected to alluvial material). In PSD groundwater flooding 
the conceptual model is a cross-section through a river valley filled with permeable 
deposits overlying impermeable rocks. Water moves through the permeable 
deposits from the river and floods the low-lying land either side of the river (Figure 
1).   

 “Clearwater flooding” resulting from groundwater rising and outcropping at the 
surface. The clearwater flooding conceptual model, considers a permeable aquifer 
with a groundwater-supported river flowing down a valley. As the regional 
groundwater level rises groundwater emerges either side of the river in the valley. 
The higher the groundwater level rises, the larger the area that is inundated by 
groundwater (Figure 2). 

Based primarily on geological criteria (geological controls), the map identifies areas 
where groundwater is close to the surface and where geological conditions suggest 
that an area is susceptible to groundwater flooding. This work has concentrated on the 
geological ‘vulnerability’ or susceptibility to groundwater flooding rather than 
mapping the risk of groundwater flooding events.  

 



 

Figure 1. Illustration of the PSD groundwater flooding conceptual model, showing a 
cross-section through a river valley filled with permeable deposits overlying 
impermeable rocks. Water moves through the permeable deposits from the river and 
floods the low-lying land either side of the river.   

 
Figure 2. Illustration of the clearwater flooding conceptual model, showing a 
permeable aquifer with a groundwater-supported river flowing down a valley. As the 
regional groundwater level rises groundwater emerges either side of the river in the 
valley. The higher the groundwater level rises, the larger the area that is inundated by 
groundwater.  

As there are a considerable number of factors associated with the development of the 
dataset, it was necessary also to consider the issue of uncertainty, or confidence. This 
paper focuses on the development of a confidence map for use with this dataset. A 
description of the principal factors controlling confidence is described for both 
conceptual models of flooding, and is discussed in more detail for the clearwater 
flooding scenario. It was recognised that many aspects of geological and 
hydrogeological modelling are subject to expert opinion, and confidence can be 
difficult to quantify. 

2. Methodology 
Production of the confidence map was a three-stage process: 

Stage 1 – identification of areas of confidence (and uncertainty) in the 
preparation of the flood susceptibility map. This was carried out using a semi-
formal process to produce a cause and effect or ‘fish diagram’ (Cave and Wood, 
2002) that relates primary areas of confidence with underlying factors, then 
describing each of these factors. 

Stage 2 – translation of the ‘fish’ diagram into semi-quantitative estimates of 
relative confidence using a simple rule-based scoring process 

Stage 3 – using the rule-based scoring process in step 2 in a GIS to produce a 
map of confidence in the flood susceptibility map 

 

 



Throughout the three-stage process the procedure adopted combined estimates of 
uncertainty in the input datasets with a review of available ‘ground truth’ 
observations. 

This three-stage process was undertaken separately for each of the two groundwater 
flooding scenarios and then the resulting confidence maps were combined.  

For both the scenarios five principal contributing factors to the confidence model 
were identified as follows; 

• confidence in the permeability index 
• confidence in the conceptual model 
• confidence in the digital elevation model (DEM) 
• confidence in the rest water level 
• availability on information to validate the susceptibility classification 

These factors were developed by the preparation of a cause and effect or ‘fish’ 
diagram for each conceptual model. The diagram was used within a collaborative 
team discussion to ensure that all aspects of the confidence model had been 
considered. 

1.1 Confidence estimates for PSD flood susceptbility  

Figure 3 shows the fish diagram for the PSD confidence model and illustrates the 
relationship between these primary and secondary factors that influence confidence in 
estimates of PSD flood susceptibility. It was possible to quantify to some extent some, 
but not all, of these factors and sub-factors.  
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Figure 3. ‘Fish’ diagram used as the basis of the estimation of confidence for PSD 
flooding (where ‘AGES’ is the total confidence score for PSD flooding). 

1.2 Confidence estimates for Clearwater flood susceptibility  

Figure 4 shows the fish diagram for the clearwater flooding confidence model, and 
illustrates the relationship between these primary and secondary factors that influence 
confidence in estimates of clearwater flood susceptibility. Table 1 is used as an 
example to briefly describe each of the factors and sub-factors in the ‘fish’ diagram 
and whether they are quantifiable. 



Using Table 1, each of the factors that effect confidence was then used to produce 
rule-based numerical scores that could be implemented within a GIS. 

A combined confidence map was produced by combining the PSD and clearwater 
flooding confidence files in the GIS. Where there was overlap between the two 
datasets, the approach was to take the lowest confidence. 

 

Figure 4. ‘Fish’ diagram used as the basis of the estimation of confidence for 
clearwater flooding (where ‘CGES’ is the total confidence score for clearwater 
flooding). 
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Table 1  Description of confidence factors for clearwater flooding  

 

Factor Sub factor Quantification Notes 

PI of superficial 
deposits 

Available as part of 
the PI dataset. 

Simplified PI confidence 
used 

Permeability 
Index 

PI of bedrock 
deposits  

Available as part of 
the PI dataset. 

Simplified PI confidence 
used 

Conceptual model Not quantifiable Concept of clearwater used 
is assumed to be valid 

Concept 

Post flooding flow 
mechanisms 

Not possible with 
current information 

Once flooding occurs water 
flows away from the 
flooded area down surface 
water courses, consequently 
zones of emergence may 
not be zones where floods 
cause economic impact 



Vertical variation 
in aquifer 

Consistent over all 
units 

DigMap only records 
deposits at surface, and 
these may not be an 
accurate representation of 
the full thickness of 
saturated deposits 

 

Link between 
flooding and 
aquifer storage 

Not quantifiable The rate at which water 
level will vary in response 
to recharge will depend on 
aquifer storage. PI data is a 
poor surrogate for storage 

DEM Height Fixed for a 
particular DEM 

The better the elevation 
model, the better the 
accuracy of depth to 
groundwater estimates, 
although in practice as 
relative heights between 
river and groundwater are 
used the influence of this 
factor will be limited. 

DEM Resolution Fixed for a 
particular DEM 

As for DEM Height 

DEM 

Slope Derived from DEM Flooding from groundwater 
is assumed to be less likely 
on steep slopes for the 
alluvial flooding conceptual 
model 

RWL Model used Derived from RWL 
dataset 

Three water level models, 
with differing degrees of 
accuracy have been used.  

RWL 

Variability in river 
level 

Not possible with 
current information 

River level variability, 
while an important driver 
for groundwater surface 
water interaction has not 
been quantified, and is 
assumed constant in this 
release of the dataset. 

Observed 
groundwater 
flooding 

Comparison with 
observations 

Observed flooding in areas 
of high or moderate risk 
validates map in that area 

Validation 

Source of GW 
data 

Not used The validation dataset is 
based on limited 
observations only 

 



3. Results 
A sample of the resulting clearwater flooding and associated confidence map are 
shown in Figure 5. 

 

4. Discussion 
For any point on the groundwater flooding susceptibility map a ‘confidence’ value 
can be read off the accompanying confidence map. The confidence value is based on 
a number of different factors, and may vary across a polygon that has a single 
susceptibility value. For example, a polygon may be highly susceptible to flooding, 
but as one of the inputs to the confidence value may be the confidence of water levels, 
which is highest in close proximity to rivers, part of the polygon near a river havea 
different confidence value from those parts further away from the river. 

Where only point values are required these variations within a polygon are not an 
issue. However where prognoses are made on the basis of values within a radius of a 
given point then it is harder to select an appropriate value for confidence. Generally 
the highest value of susceptibility within the search radius will be chosen. The options 
for confidence are then (in order of complexity) to: 

a. take the lowest value of confidence within the search area; 
b. take the lowest value of confidence within the search area that relates to the 

susceptibility value selected; 
c. take an average or area weighted average value of confidence within the 

search area that relates to the susceptibility value selected. 
 



In all of these cases, as a precautionary approach, the lowest value of confidence 
should be used, even if this means that an area shown as having high susceptibility 
and generally high confidence is reported as high susceptibility low confidence. An 
indication of low confidence is an indication that further investigation may be 
warranted. 

 

5. Conclusions 
The confidence maps provide a valuable resource in guiding the user as to the level of 
uncertainty in the groundwater flood susceptibility datasets. One of the main 
limitations in the approach is that its accuracy depends to a large extent on estimations 
of the accuracy of the contributing datasets. In some cases, these datasets are 
themselves provided without confidence data. Thus the estimates made suggest a 
degree of certainty in the resulting confidence estimate that is not, in reality, justified. 
Not withstanding the limitations, the confidence maps provide a valuable resource in 
guiding the user as to the level of uncertainty in the groundwater flooding datasets.  
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