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1. Introduction 
 
This report is prepared at the request of the Mapping and Hydrometric Issues Sub-
Group of the NTAG.  Given the remit and scope of the NTAG, it is pertinent to review 
hydrometric data issues.  Hydrometry is the measurement of all the stages of the 
hydrological cycle although, in this report, attention will be directed only to river flows 
and levels, rainfall and tidal water levels.  The management of flood hazards 
depends on hydrometric data being available for appropriate periods of time, with 
appropriate quality and from locations which support the needs of data users. 
 
Hydrometric data gathering for flood management purposes is of increasing 
importance owing to a multiplication of uses in this sphere: 

• flood risk mapping is informed through the use of hydrometric data (e.g. for 
the second generation maps announced by the Scottish Executive in 2003); 

• development proposals are evaluated by reference to locally-derived 
hydrometric data if available and otherwise by information generated 
nationally, in response to the guidance set out in SPP7 and PAN69 (Scottish 
Executive 2004a, 2004b); 

• local authorities are making much use of hydrometric data for the design of 
flood defences and other hazard management solutions, in response to rising 
concerns over the threat of flooding in many areas and the introduction of the 
1997 Flood Prevention and Land Drainage (Scotland) Act; 

• SEPA is making increasing use of hydrometric monitoring for its flood warning 
schemes, delivered by FloodLine telephone and web services (local 
authorities are also using its data for services delivered by automatic voice 
messaging); and 

• concerns over climate change are partly being met by the results of analysis 
of river flow data, particularly from sites with records extending over several 
decades. 

 
This report seeks to assist in the delivery of the Mapping and Hydrometric Issues 
Sub-Group remit, which states: 

“NTAG agreed that the guidance should make reference to the importance of 
taking a strategic overview of long term river flow and that the collection and 
dissemination of river flow data should be a key element of this approach” 

(Para 4, NTAG2004(3)). 
 
The specifically hydrometric item within the list of remit elements states: 

“Discuss how river flow data is collected and made available to stakeholders. 
Offer advice about how this information may inform the guidance exercise” 

(Para 5). 
 
The objectives of the report are as follows: 

• Review responsibilities for hydrometric data collection and management in 
Scotland and the roles of the organisations involved; 

• Consider the geographical distribution of hydrometric sites in Scotland and 
their suitability for flood hazard management purposes; 

• Consider flood record lengths and quality for the same purposes; 
• Review data access arrangements in an international context; 
• Present some recommendations arising from the information presented. 
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The report has been compiled during the months of July and August 2004 within tight 
constraints.  In some cases, it is apparent that additional data could be collated and 
analysed to further the objectives above and, where this applies, appropriate 
comments and suggestions are made. 
 

River flow data 
It is worth noting the emphasis on long term river flow data in the section of the remit 
quoted above.  This appears to be clearly warranted given the nature of 
contemporary flood risk estimation, which underpins the activities of local authorities 
in managing flood hazards, e.g. through the development of flood defences and 
through the exercise of planning powers.  Flood peak flow data form the heart of 
flood risk estimation – by the transfer of flood flow data from a gauging station on a 
river to another point upstream or downstream (flow data are much more transferable 
than water levels), or through the process of pooling (IH, 1999), by which data from 
many stations may be used to enhance the quality of flood risk estimates made for a 
site of interest.  Records of flood level are of key value where these occur close to a 
site of interest, but are otherwise of limited value.  Rainfall records are often valuable 
in complementing river flow data.  This report will accordingly focus primarily on river 
flow data.  The emphasis on long-term data appears to be clearly warranted by the 
fact that long records provide greater confidence in estimates of extreme values than 
do short ones.  Data users will often therefore argue for the continuation of existing 
long-record sites accordingly, even though sites may not have originally been 
established to support flood risk estimation; Cranston (1995) and Black and Cranston 
(1995) review the reasons for establishing the gauging stations which now comprise 
the Scottish network, and their varied subsequent uses. 
 
The non-specialist should be aware that basic river monitoring involves the recording 
of river levels alone.  Only when hydrometric staff regularly visit river monitoring sites 
to undertake flow gaugings (measurements of river flow, hence ‘gauging station’) can 
level records be processed to generate flow records, so it is data from these sites 
alone that are of greatest value in flood risk estimation.  Only SEPA operate flow 
gauging stations in Scotland.  Exceptionally, sites are established with a structure 
such as a concrete weir to control the level-flow relationship.  Such sites provide the 
only exception whereby flows can be reliably obtained from water level records 
without regular gauging, and even then, a basic frequency of occasional check 
gaugings is recommended to maintain confidence in the level-flow rating relationship. 
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2. Roles and Responsibilities 
 

SEPA and legal duties and powers 
 
SEPA is the lead hydrometric agency in Scotland, and has achieved this role largely 
through the use of statutory powers rather than duties.  SEPA’s Policy No 22 (“Flood 
Risk Assessment Strategy”, April 1998) provides a useful summary of the legal 
background to this situation: 
 
“Historically the Water (Scotland) Act 1946 imposed a duty on the Secretary of State 
for Scotland to collect, prepare and publish statistics relating to water resources in 
Scotland.  Following repeal of the 1946 Act, the same duty is provided by section 1 of 
the Water (Scotland) Act 1980” (SEPA, 1998).  This may be interpreted as a duty to 
gauge in that there is no other means of collecting statistics on water resources, but 
that focus on water resources does not necessarily amount to a requirement to 
measure flood flows (the basis of scientific flood risk management) to any degree of 
accuracy. 
 
“Section 18(1) of the Rivers (Prevention of Pollution) (Scotland) Act 1951 provides 
River Purification Authorities (RPAs) in Scotland with powers to monitor rainfall and 
river flows.  Over the years the RPAs had assumed a growing role in collecting and 
providing hydrological statistics for Scotland and SEPA has inherited this capability.  
SEPA currently operates around 300 rainfall gauges and around 300 river flow 
gauges” (SEPA, 1998).  This broadens the scope of river flow data collection out 
from specifically a water resources focus, i.e. allowing the full range of flows to be 
measured – the assumption is made here that a water resources focus might not 
necessarily support the accurate measurement of high flows.  But this is a permissive 
power and not a duty, giving SEPA only a limited justification for the allocation of 
resources to hydrometry. 
 
“Section 92 of the Agriculture Act 1970 [as amended by Section 137(2) of the Local 
Government (Scotland) Act 1973, and Section 21 of the Local Government and 
Planning (Scotland) Act 1982] provides SEPA with discretionary powers to establish 
and to operate flood warning schemes.” (SEPA, 1998)  Clearly flood monitoring is 
implicit here, with SEPA again granted permissive powers.  While it has not been 
possible to conduct a formal investigation on this point, it is understood that most 
monitoring to underpin flood warning schemes provided by SEPA is in the form of 
telemetry-connected gauges, either: 

(a) rainfall intensity gauges (many but not all have been installed specifically for 
flood warning); 

(b) flow gauging stations already in place; or 
(c) level-only (river and tidal) monitoring stations installed specifically for flood 

warning. 
Only a few examples are known of gauging stations installed specifically for flood 
warning which are capable of measuring flood flows. 
 
 

Other authorities 
The following are known to have previously or presently operated water level and/or 
flow monitoring stations: 
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• Hydro power operators (notably Scottish & Southern Energy and its 
predecessors) 

• Water supply undertakings now amalgamated within Scottish Water 
• Research and conservation organisations (e.g. NERC Centre for Ecology & 

Hydrology, universities, Scottish Natural Heritage, Royal Society for the 
Protection of Birds) 

• Industrial undertakings, e.g. associated with private surface water 
abstractions such as foundries or mills 

• Port or harbour authorities 
• Consultants appointed by any of the above 

 
Local authorities carry most of the public responsibility for flood defence in Scotland, 
but they only occasionally carry out limited hydrometric monitoring, often in 
collaboration with SEPA. 
 
As outlined in Section 1, only SEPA is known to undertake flow gaugings in Scotland.  
Therefore, SEPA should be considered as the sole source of reliable flood flow data 
for Scotland, with the sole proviso that historically, more gauging effort had been 
undertaken by hydro and water supply authorities.  Accordingly, some flood flow data 
were derived from these sources and are presented in the Flood Studies Report 
(NERC, 1975) and its successor the Flood Estimation Handbook (IH, 1999).  All other 
sources identified above will be able to provide some level data, which are of local 
value. 
 



NTAG2004(34) 

 5

3. Distribution of networks 
 
Previous sections have outlined the sources of tidal and freshwater level data, river 
flow data and rainfall intensity data.  The geographical distribution of these stations is 
shown in Figure 1. 

 
Figure 1(a) Location of surface and coastal water monitoring stations (Source: SEPA) 
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Figure 1(b) Location of rainfall intensity monitoring sites (Source: SEPA) 
 
SEPA provided listings showing the locations of its freshwater, coastal and rainfall 
intensity monitoring sites, along with open/closed status and details of calibration 
extent for river flow gauging stations.  This information was based on a collation of 
data from SEPA’s five hydrology databases serving their seven hydrology offices.  A 
very limited amount of quality control of this information was undertaken.  Some 
incompleteness and errors were noted, but a full update of the listings was not 
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possible within the timescale of the project1.  The resultant list was used to create 
Table 1, showing information about numbers of sites from which flood information 
may be obtained. 
 
 Open Closed Total
River flow gauging 
station – fully 
calibrated 

225 8 233

River monitoring 
station – level only, 
part or undefined 
calibration* 

165 95 260

Canal level site 3 0 3
Loch level site 7 2 9
Reservoir level site 2 0 2
Tide level site 10 1 11

Totals 412 106 518
Table 1  Numbers of SEPA water level/flow monitoring stations by water body type and 
open/closed status. *Several of these sites may also provide high flow data 
 
In addition, the same records show that SEPA operates 138 rainfall intensity 
monitoring sites. 
 

River flow gauging and level monitoring stations 
 
The importance of river flow gauging stations was outlined in Section 1 and so these 
now form the focus of Section 3.  The following paragraphs address the question of 
the suitability of the existing flow gauging network to the needs of flood data users, 
e.g. those making flood risk estimates using either single site or pooling approaches. 
 
In this section, the characteristics of the catchments draining to SEPA’s current fully-
calibrated river flow gauging stations are compared with the catchments draining to 
points at which SEPA has been asked to provide flood risk information.  This 
comparison draws on the common hydrological assumption that the hydrology of a 
river is a function of its upstream catchment, and the general approach follows that of 
a study designed and conducted by the former Institute of Hydrology (Black et al., 
1994). 
 
SEPA staff kindly provided details of sites for which flood risk information had been 
requested over the past 3 years and for which site grid references were available and 
corresponded with catchment data (i.e. were above the tidal limit and corresponded 
with mapped watercourses).  All sites could therefore be assumed to be at some risk 
of fluvial flooding, although some may be at additional risk of tidal flooding under 
storm surge conditions.  Tidal flood risk is not accounted for in this analysis.  In total, 
1926 flood risk information grid references were used.  No attempt was made to 
remove duplicate grid references (some 30% of the sample), since the retention of 
duplicates provides a form of weighting according to information demand.   
 

                                                 
1 Such information resources will assume increased importance in the future as hydrology 
continues to be an ever-more information rich science, and the provision of suitable 
information, as well as the availability of suitably-trained specialist staff to interpret and 
analyse them, will continue to be priorities for the future 
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The Flood Estimation Handbook (IH, 1999) software (FEH CD-ROM Version 1.0, 
1999) was used to obtain catchment information for these grid references, restricted 
to those characteristics which are used to select members of flood pooling groups: 
 
AREA   Area of the upstream catchment (km2) 
SAAR   1961-90 standard period average annual precipitation (mm) 
SPRHOST  Standard Percentage Runoff derived from the Hydrology of  

   Soil Types classification (%) 
BFIHOST  Base Flow Index derived from the Hydrology of Soil Types 

   classification (%) 
FARL   Index of flood attenuation due to reservoirs and lakes (a value  

   of 1 indicates no attenuation, while lower values indicate  
   greater attenuation) 

URBEXT1990  Index of fractional urban extent for 1990 
 
The same catchment descriptor data were obtained for the 225 fully-calibrated river 
flow gauging stations currently in operation (hereafter ‘the gauging stations’), with the 
exception of one site (River Forth at Craigforth) for which the FEH CD was unable to 
calculate a catchment.  Each of the graphs in Figure 2 shows a comparison of the 
distribution of physical catchment descriptor values for the flood information request 
sites with the locations of the gauging stations.  Brief comments on the comparisons 
are offered after each graph. 
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Figure 2(a) Distribution of catchment area values for gauging stations (‘GSs’) and flood risk 
information request sites (‘Requests’) 
 
There is a striking disparity between the relatively frequent requests for flood risk 
information for small catchments and the numbers of gauging stations available in 
such catchments.  While 51% of requests refer to catchments of 10 km2 or less, only 
3.6% of the gauging stations monitor flows from such small areas.  Furthermore, 
since the variability of physical terrain increases in inverse proportion to catchment 
size (e.g. in relation to soil and geology characteristics and the occurrence and 
influence of urban surfaces), the ability to generalise flood behaviour from these sites 
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to ungauged catchments of similar sizes will be limited.  This is particularly important 
for summer storms (expected to become more frequent with climate change), which 
affect small catchments more severely then larger ones because of their localised 
nature, sometimes extending less than 5km in diameter. 
 
By contrast, the proportional occurrence of flood information requests for sites on 
catchments of more than 100 km2 is more than matched by SEPA gauging stations.  
Furthermore, many of these stations are among the longest-established in the SEPA 
network, so it is fair to conclude that there is relatively plentiful information for these 
larger catchments. 
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Figure 2(b) Distribution of catchment standard annual average precipitation values for 
gauging stations (‘GSs’) and flood risk information request sites (‘Requests’) 
 
Figure 2(b) shows approximately proportional or more than proportional 
representation of catchments with SAAR values of >800mm.  However, in the lowest 
category on the graph, there does appear to be a substantial under-representation of 
dry (<800 mm) catchments in the gauging network: while >37% of requests listed 
have come from these areas, only 8% of gauged catchments have similarly low 
SAAR values. 
 
Two factors are expected to help explain this observation.  One is that the 
information requests data showed a clear bias towards to north and south-east of the 
country, covering all the lowest-rainfall areas of Scotland.  The south-west appeared 
to be under-represented.  A more even balance of request locations around the 
country would be expected to increase the frequency of requests in the 800-1200 
mm category, and so reduce the frequency in the <800mm category to perhaps 20-
25%.  This still leaves some under-representation of low-precipitation catchments in 
the network. 
 
The other factor is that the catchment size distribution shown in Figure 2(a) probably 
affects the SAAR comparison shown in Figure 2(b).  In Scotland, only six catchments 
of >100km2 have long-term average precipitation values <800mm (equivalent to 3% 
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of the gauging station sample; Marsh and Lees (2003)): larger catchments tend to 
incorporate areas of higher mean precipitation at further distance from the east coast.  
So the present scarcity of small gauged catchments helps explain the lack of dry 
gauged catchments.  Any increase in the number of small catchments gauged could 
easily be used in part to increase the representation of dry catchments, although this 
should not be at the expense of provision in wetter areas. 
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Figure 2(c) Distribution of catchment standard percentage runoff values for gauging stations 
(‘GSs’) and flood risk information request sites (‘Requests’) 
 
SPRHOST gives a measure of catchment percentage runoff in response to a storm 
event.  The comparison for SPRHOST is similar to that for SAAR, in the sense that it 
is only the lowest information request catchment SPRHOST values which are not 
represented in the gauging network.  Values of less than 25% are associated only 
with catchments of less than 66 km2, and the apparent lower bound to SPRHOST 
values decreases proportionately to AREA.  Values less than 10% occur only for 
catchments smaller than 5 km2, and occur entirely in locations close to the Moray, 
Cromarty and Beauly Firths.  Values of <25% occur overwhelmingly around the east 
coast. 
 
Localised differences in soil and geology characteristics may account for some 
unreliability in FEH SPRHOST values for smaller catchments.  Practising 
hydrologists should be aware of this when making flood risk estimates, but the 
comparison above nevertheless provides a clear direction in relation to future 
additional monitoring efforts in the gauging network. 
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Figure 2(d) Distribution of catchment base flow index values for gauging stations (‘GSs’) and 
flood risk information request sites (‘Requests’) 
 
Figure 2(d) shows that flood information requests tend on average to relate to 
catchments with higher BFIHOST values than captured by the gauging network.  
While there is relative over-representation of catchments with BFIHOST<0.5 in the 
gauging network, there is under-representation at higher values, particularly at  
BFIHOST>0.65.  Information request locations with these high BFIHOST values 
typically occur for catchments which are small (median area 2.44 km2; maximum 
area 241 km2).  However, for those >10 km2, catchments were found to be 
significantly urbanised or lying in a coastal area (most commonly around the Moray 
Firth), or both of these. 
 
As with SPRHOST, it is thought that BFIHOST values may be most vulnerable to 
error when calculated for small catchments, and indeed it is understood that the 
Centre for Ecology & Hydrology (authors of the FEH and its software) have produced 
a new BFISCOT dataset in order to improve the reliability of this variable in Scotland.  
However, a clear signal emerges from Figure 2(d) and, without access to the 
BFISCOT dataset, the recommendations above appear to be strongly warranted and 
are not unexpected. 
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Figure 2(e) Distribution of flood attenuation index values for gauging stations (‘GSs’) and 
flood risk information request sites (‘Requests’) 
 
Figure 2(e) shows a distribution of gauging station FARL values which approximately 
follows the distribution of values for information request locations.  The category of 
values most under-represented by the gauging network (0.99<FARL<=1.00) is the 
category of values in which the greatest number of gauging stations occur and must 
be expected to be hydrologically very similar to the next-highest FARL category.  No 
recommendation for change in the gauging network can be justified by these data. 
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Figure 2(f) Distribution of catchment urban extent (1990) values for gauging stations (‘GSs’) 
and flood risk information request sites (‘Requests’) 
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The distribution of values of URBEXT1990 is skewed for both data sets shown in 
Figure 2(f).  The distribution for the gauging network appears to be similar to that for 
the data request locations over most of the range shown.  However, there is an 
important discrepancy in the tail of the curve representing the highest values: the 
highest urbanised fraction represented in the gauging station database is 0.151 (for 
the Braid Burn at Liberton, Edinburgh), while the maximum urbanised fraction for any 
information request catchment is shown as 0.752.  Some 10% of the total number of 
requests were for catchments with urban fractions greater than for the Liberton 
catchment.  More than 5% of the requests were for catchments with urban fractions 
>0.30, and 98% of these have catchments of <5 km2. The lack of gauged catchments 
with urban fractions >0.151 represents an important omission from the present 
monitoring network. 
 

Tidal monitoring stations 
 
The earliest SEPA tidal monitoring station appears to date from 1991, with a total of 9 
sites now in operation (2 have closed).  The currently operational sites are spread 
between the Firth of Clyde (4 sites), Inverness Firth, Moray Firth, Loch Linnhe, and 
the Rivers Tay and Earn (all 1 site each).  It is understood that these sites have been 
installed (with telemetry equipment) primarily in order to support flood warning 
schemes, however the records accumulated from them undoubtedly provide a 
resource of growing value in terms of describing the long-term risk of flooding. 
 
The location of four gauges on the Firth of Clyde, established as part of the Firth of 
Clyde Flood Warning Scheme, reflects the great amount of development around the 
shores of the Clyde at risk of flooding there.  Development around the Firth of Forth 
is not similarly reflected, although port and harbour authority gauges are operated, 
and these are known to exist for Portpatrick, Ayr, Millport, Islay, Tobermory, Ullapool, 
Stornoway, Kinlochbervie, Lerwick, Wick, Aberdeen, Dundee, Perth, Methil, 
Grangemouth, Rosyth and Leith (Dixon and Tawn, 1997 and personal 
communications).  While no systematic survey of non-SEPA tide gauges has been 
attempted, it is generally thought among the flood estimation community that the 
overall scale of tidal monitoring is much smaller than that for river monitoring.  
Funnelling effects within estuaries, where most development is thought to be at risk 
of tidal flooding (Werritty et al., 2002), would warrant multiple recorders within 
individual estuaries.  In the absence of dense monitoring networks, information from 
any available records are used in conjunction with the results of hydro-dynamic 
modelling, i.e. without detailed opportunities for model validation.  Present 
arrangements for establishment of flood warning schemes require support from local 
authorities, and this approach may lead to establishment of further tidal gauges in 
future.  There may also be some development stimulated by a Proudman 
Oceanographic Laboratory review which has recently been begun. 
 
The small number of tidal level gauges can be considered to reflect the lack of SEPA 
responsibility to monitor water levels on the coast and in estuaries.  However, the 
very modest amount of tidal monitoring when compared to freshwater monitoring is in 
stark contrast to the balance of freshwater and coastal flood risks: Werritty et al. 
(2002) estimate that while some 77,000 properties are at risk of freshwater flooding, 
approximately 93,000 additional properties are at risk from tidal flooding (before 
taking into account the effects of flood defences in both cases). 
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Rainfall intensity monitoring 
Figure 1(b) shows a remarkably even distribution of rainfall intensity gauges across 
Scotland, including Orkney, Shetland, Lewis and Mull.  The highest gauge is above 
600 mAOD, and 15% are over 250m.  No hypsometric curve is available for the 
purposes of comparing the distribution of gauges with the land mass as a whole, and 
in any case, there are logistical factors which make the operation of high altitude 
rainfall gauges difficult and perhaps unreliable.  It is to be expected that as the 
records from these gauges lengthen, their value for flood risk estimation studies 
(using rainfall-runoff modelling) will increase.  Already the data gathered during 
notably damaging floods such as those affecting Edinburgh in 2000 will be of 
considerable value.  However, the network could be enhanced by locating additional 
rainfall intensity gauges in catchments where new or existing flow gauges occur 
without corresponding raingauges.  This will allow catchment models to be 
developed, and may be particularly valuable in small catchments which respond most 
to localised, intense rainfall in ways which are difficult to predict, e.g. due to the 
effects of impermeable surfaces and/or hydraulic controls. 
 
In addition to flood risk estimation purposes, the use of these gauges in flood warning 
(the primary reason for installation in many cases) must also be mentioned here.  Not 
only are they used to provide rainfall intensity alarms to alert warning personnel and 
also provide updated assessments of rainfall intensity or melt during an event, but 
they are also valuable in providing an informal means of calibrating the rainfall 
intensity data provided by Met Office radar products.  This role certainly assists flood 
warning personnel in the issue of warnings, but also the gauges provide presently 
untapped potential for the Met Office to refine the output of their radar products.  This 
in due course may lead to radar output providing an increasingly reliable areal 
assessment of rainfall in some areas, though inevitably still subject to some caveats, 
e.g. regarding precipitation generated beneath the radar beam. 
 
The Met Office operates its own network of rainfall intensity raingauges.  These are 
not accessible to SEPA in real time, but data can be requested by consultants or 
others requiring such information for flood risk studies.  This network provides 
additional national coverage beyond the SEPA network, and it would assist data 
users (and hence boost data utilisation) to be able to access unified maps and/or 
catalogues showing the locations of all gauges irrespective of operator.  This point is 
developed in Section 7. 
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4. Record lengths 
 
Figure 3 below shows the distribution of record lengths held for SEPA full calibration 
gauging stations, whether open or (in eight cases) closed.  No allowance has been 
made for any periods of missing record. 
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Figure 3 Distribution of record lengths for SEPA full-calibration gauging stations 
 
The Flood Estimation Handbook (IH, 1999) recommends that for the estimation of a 
design flood with return period T, the period of record required at a nearby gauging 
station to allow estimation using the local record alone is 2T years.  Often in 
Scotland, structures such as bridges are deigned to withstand a 100-year flood, i.e. a 
flood expected with an annual exceedance probability of 1%.  Figure 3 shows that no 
records in Scotland come anywhere near allowing use of local data for such an 
application: the longest record is 75 years (the Aberdeenshire Dee at Woodend/ 
Cairnton).  There are 13 records of 50 years or more; with the exception of the Dee, 
all located in the Spey and Tay/Earn catchments. 
 
The transfer of information from one site to another using techniques such as pooling 
(IH, 1999) therefore seems essential given current guidelines (although experienced 
practitioners do express some concerns over the guidance recommending pooling 
over single-site analyses).  By the pooling method, 5T years of record are required 
for the T-year flood estimate.  In this context, the database of SEPA flow records 
represented in the figure represents a resource of growing value.  FEH volume 3 (IH, 
1999) stipulates a minimum of eight annual maxima for a record to be included in 
pooling, while statements of good practice such as provided by Thomas (1994) 
emphasise the benefit of continuity of recording site in achieving homogeneity within 
individual records.  This cannot be achieved to the same extent by substitution of one 
gauge by another even if a short distance away on the same watercourse.  It is 
recommended that the continuation of high quality records (e.g. those with high 
levels of completeness, with gaugings to high flows and with flood flows contained 
within banks) should be afforded some priority within SEPA’s future network 
management, subject of course to logistical constraints.   This will benefit both single-
site and pooled analyses. 
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5. Data quality 
 
Any assessment of data quality needs to be set in the context of quality standards: 
SEPA are ISO9002 accredited for hydrology, reflecting the documentation and use of 
appropriate procedures.  Health and Safety considerations increasingly constrain 
flow measurement, e.g. increasingly restrictive field procedures and new 
requirements regarding safety of cableways, yet the needs for flow data of an 
appropriate quality remain. 
 
The recent Babtie (2003) report for the HiFLOWS-UK project considered the quality 
of SEPA gauging station data for use in UK flood risk estimation, based on the FEH.  
This provides one relevant method of assessing high flow data quality being 
generated by the SEPA network.  Sites were considered for their suitability for QMED 
(median annual flood) estimation and, above a higher threshold of quality, for use in 
pooling.  Accurate estimation of peak flows is required to a higher point on the flood 
frequency curve (higher return periods) for the latter than for the former. 
 
Results of the work are summarised in Table 2 below: 
 
 Suitable for QMED 

estimation
Suitable for pooling Total

Dingwall 2 23 25
Aberdeen 1 29 30
Perth 0 11 11
Riccarton 3 15 18
Galashiels 6 18 24
Dumfries 1 13 14
East Kilbride 9 26 35

Total 22 135 157
Table 2 Numbers of gauging stations adopted by HiFLOWS-UK for QMED estimation and 
pooling (Based on Babtie, 2003) 
 
The table shows that the majority of sites used are suitable for pooling (86%).  
However, the overall total number of sites used is lower than used in Section 3 
above, due to resource constraints imposed on the HiFLOWS-UK project.  The data 
do point to variability in data quality (e.g. as a result of the range of flows gauged, or 
problems of out of bank flow), and such variability will be reflected in decisions made 
on pooling group memberships by data users.  Consideration may need to be given 
to improving the flood gauging performance of some gauging stations or switching 
resources to other sites if, for example, gauging targets seem impossible.  However, 
other data uses beyond flood risk estimation may warrant continued high flow 
gaugings, e.g. support of model-based flood warning schemes. 
 
A comparison with numbers of stations suitable for QMED estimation and pooling in 
England & Wales and Northern Ireland would be of interest, but data are not 
presently available to support this.  However, it is known that of the 1000 annual 
maximum records used in the FEH, 182 are from Scotland.  This figure is significantly 
higher than a population comparison would predict, and may be explained to some 
extent by the large Scottish land mass (32% of the UK total), its varied geology and 
climate (and hence variety of catchment types), and perhaps most importantly by a 
history of flow measurement based on velocity-area stations at which current meter 
gauging – including high flow gaugings – has been an integral part.  Given the 
relatively low rate of loss of Scottish stations in the selection undertaken for 
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HiFLOWS-UK, it is anticipated that at least 20% of the resultant database will be from 
Scotland, representing a valuable return from the running costs of the network.  
Beyond publication of the HiFLOWS-UK database, hydrologists engaged in flood risk 
estimation are encouraged to consider use of Scottish records not included in that 
database since many others are based on stable sites with high flow calibrations, 
regrettably excluded from the database simply as a result of project resource 
constraints. 
 
Data completeness is also worth mentioning as a dimension of data quality.  Past 
and anticipated future problems in data completeness may warrant the expenditure 
of additional resources to resolve problems, or necessitate re-prioritisation if current 
policies prove be over-ambitious. 
 
Finally, anecdotal evidence suggests that in periods of high flows, hydrometric 
personnel are under pressure to support an increasing range of other activities 
besides flow gauging, especially FloodLine, media and other telephone enquiries, 
while also being constrained by reduced numbers of sites allowing safe operation of 
cableways.  All of this points to reductions in the confidence of high flow data.  
Therefore, while there is clearly a legacy of high quality having been achieved over 
past decades, due regard must be given to the interests of maintaining and improving 
the quality of data provision to support flood estimation, in the management of 
hydrometric staff. 
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6. Data access 
 
Flood data relevant to flood risk estimation are accessed by various users according 
to their needs and the opportunities open to them.  Chief among these are: 
 

1. SEPA – real-time access to SEPA rainfall intensity, water levels and river flow 
data for flood warning 

2. Reservoir operators – real-time access to SEPA and their own data as above 
for operational purposes 

3. SEPA and consultants – archive access to SEPA data as above for design 
flood estimation 

4. Private individuals, business owners, local authorities, researchers, media – 
access to real-time data as above in addition to FloodLine information if made 
available, e.g. by SEPA 

 
While uses 1-3 are well established, item 4 above is speculative but could be 
regarded as an extension of the successful provision of daily updated 15-minute data 
by SEPA via its web site.  For those directly threatened by a flood, information about 
whether water level at an upstream site has peaked or is still rising could be of 
considerable value, and may either reinforce or even precede information provided 
by FloodLine.  Although difficult to establish precisely, presumably such thinking must 
lie behind the provision of 15-minute updates of flows in six of the countries listed in 
Table 3 below.  This table is based on an internet survey and shows the types of 
water level, river flow, rainfall and related information provided on national or regional 
web sites in countries around the world.  The list is not exhaustive: other sites 
providing typically lesser amounts of data are also known.  Interesting supplementary 
information provided in some countries, enhancing the opportunities for public 
understanding of the environment, include long-term average flows or ranges for 
each day of the year, reference to local danger levels, and forecasts.  Extreme value 
quantiles and broader environmental data such as air temperatures or water quality 
information enhance the scope of provision further while, by contrast, it is assumed 
that some countries make no such data available. 
 
Responsible environmental organisations can be hesitant in providing large 
quantities of real-time data to members of the public via the web.  A chief concern is 
to ensure the appropriate interpretation of environmental data and the avoidance of 
actions taken based on any misunderstanding of such data, not least in case of any 
liability issue arising.  In such cases, members of the public may make contact 
personally with trained and knowledgeable staff, to discuss the nature of their enquiry 
and the selection of data appropriate to their needs.  While SEPA has taken the 
valuable step of making daily updated stage data available for a selection of its sites, 
the use of individual contact via telephone, email or written contacts, as described 
here, provides a continuing major part of the interaction between data provider and 
users.  The principal limitations to real-time data uptake are the daily updating cycle 
and the use of a restricted subset of sites.  Technical limitations of information 
technology systems and on-site power consumption factors presently limit the scope 
for increasing the frequency of updating. 
 
For the future, and as a means of further enhancing the utilisation of hydrometric 
data and thus helping serve data users, e.g. in flood situations, consideration should 
be given to providing data from further sites and with a more frequent update interval 
where possible.  Tidal and rainfall sites may be incorporated into the process, along 
with data from other operators where data access can be provided.  Any insights 
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obtained regarding the usage of the water level data presently provided by SEPA 
might help understand the nature of present user interests, e.g. is there a demand for 
near real-time hydrometric data during flood situations? 
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7. Recommendations 
 
It is recommended that the NTAG consider the following recommendations arising 
from the preceding sections, and the resourcing that will allow them to be 
implemented as appropriate. 
 
1. Establish and resource the operation of additional flow gauging stations in 

catchments with the following characteristics: 
AREA <10 km2 
SAAR <800 mm 
SPRHOST <30% and towards 5% 
BFIHOST >0.65 and towards 1.0 
URBEXT1990 > 0.15 and towards 0.5 

 
In many cases it will be possible to satisfy many of the above criteria at a single 
site, and possibly also some of the monitoring demands of the Water Framework 
Directive.  Nevertheless, to begin introducing some robustness into flood risk 
estimates for catchments of the types not presently represented in the flow 
gauging network, a target of 20 new full-calibration stations, spread among the 
three SEPA areas, and implemented within a maximum of 10 years, should be 
regarded as a prudent first step.  The locations of flood risk information request 
sites reviewed in this study may provide a useful guide, subject to a check on 
their representativeness, along with the local knowledge of SEPA area staff. 
 

2. Create a centralised national database of all gauging station data, comprising at 
least station meta data (including station name, water body and type, calibration 
range, catchment area, grid reference, gauge datum, dates of opening and any 
closure, site reference number and gauge operator), and ideally allowing access 
to all archived time series data.  Similarly establish a national register of rain 
gauges (intensity and storage types), providing direct access to data where 
possible. 
 
Increasingly, data from across regional and organisational boundaries must be 
used to perform hydrological analyses, so enhanced access to data must be 
expected to be conducive to achieving better environmental decision-making. 
Also, as SEPA as an organisation recruits increasing numbers of new staff and 
promotes career development for existing staff, any sole reliance on local 
knowledge must be replaced by careful and systematic information management.
 
The development of a single national database would allow the effective 
development of web display technologies for all SEPA areas (Recommendation 
6 below), and would undoubtedly bring other benefits through allowing single 
solutions to be developed to evolving needs, rather than requiring duplication for 
each regional database as at present. 
 

3. Undertake a thorough national review of tidal water level monitoring needs for 
flood risk estimation purposes, to include recommendations for action. 
 
An assessment of the effectiveness of information transfer between points on the 
same coastline or estuary should be included within the scope of this review.  
Recommendations on which organisation(s) might be best placed to undertake 
this work should be included. 
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4. Support continued operation of full-calibration, high quality, high completeness 
sites, and avoid closure of full-calibration sites if the record is less than eight 
years in length.  As a means of achieving this, SEPA should make or adopt 
performance indicators which will allow the quality of the high flow data being 
gathered to be monitored, with a view to maintenance or improvement of present 
standards.  Achievement of quality targets will require staff to undertake 
gaugings under high flow conditions, either by current meter or using new 
technologies such as acoustic Doppler current profilers, and may in some cases 
warrant the use of catchment models as a means of verifying provisional flow 
data. Quality control may require a range of approaches among sites, depending 
inter alia on site characteristics and anticipated uses of the data generated. 
 

5. Where practical, support the improvement of ratings and other data quality 
determinants at sites for which pooling was specifically recommended against by 
HiFLOWS-UK. 
 

6. Seek to achieve some insight into interests of web users of real-time level data, 
through on-line questionnaire and analysis of web usage statistics, with a view to 
increasing the provision of real-time hydrometric data according to demand 
 

7. Promote the enhanced availability of appropriately trained hydrology and 
hydrometry personnel, through support for appropriate courses in the Higher and 
Further Education sectors. 
 
Provision of studentships may provide one effective mechanism for achievement 
of this final recommendation.  Also, appropriate agencies such as SEPA may be 
able to work with course providers in relation to course design and access to 
appropriate student project opportunities. 

 
Logistical considerations will need to be addressed in seeking to achieve these 
recommendations, e.g. the practical aspects of locating a suitable new site with 
realistic access possibilities and safe working environment.  Implementation of the 
recommendations will also require appropriate resources to be available.  There is a 
history of studies extending over decades which illustrate that the benefits of well 
designed hydrometric data gathering exceed the costs of gathering them (e.g. 
Thomas, 1994), sometimes by orders of magnitude. However, investment in data 
gathering is often limited by the funding available to the hydrometric authority, since 
the benefits of data gathering accrue mostly to society more generally (e.g. tax-
payers benefiting from the building of flood defences) rather than the authority itself. 
 
Nevertheless, if the proposed network developments can be made, significant 
enhancements in the quality of flood risk estimates in Scotland should be expected.  
Increases in the efficiency of expenditure made in flood related projects should also 
be expected to follow, e.g. reduction of under- or over-spend on flood defences, and 
improvement in the reliability of advice given in relation to planning applications in 
possible flood risk areas. 
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