Hydrology and Earth System Sciences, 1(3), 399—407 (1997) © EGS

Hydrology & Earth
System Sciences

(5

A consideration of rainfall, runoff and losses at Plynlimon
in the context of long term hydrological variability in the
UK and maritime Western Europe

S. Green and T.J. Marsh
Institute of Hydrology, Wallingford, UK

Abstract

Important questions concerning the resilience of current water management strategies have been raised by the recent volatility
of climatic conditions across large parts of western Europe. The last decade, overall, has been exceptionally warm and there have
been very large spatial and temporal variations in rainfall, river flows and aquifer recharge rates. Examination of historical rain-
fall and runoff records for parts of maritime western Europe confirms that there is no close modern parallel to the conditions
experienced recently. Some—but far from complete—consistency with a number of favoured climate change scenarios may be
recognised. :

Analyses of recent trends in lengthy rainfall and runoff series for the UK demonstrate significant regional differences and pro-
vide conflicting signals especially in relation to trends in catchment losses. Difficulties in reconciling the results from different
areas may reflect both real hydroclimatological differences between catchments and variations in the precision of hydrometric
time series—uncertainties in the assessment of areal precipitation in upland areas in particular. The dense monitoring networks
at Plynlimon together with a rigorous data quality control programme underpins the value of the hydrometric datasets as impor-
tant benchmarks against which to assess the significance of the very unusual patterns of rainfall and runoff which have charac-
terised the recent past.

This paper places the rainfall, runoff and losses data for Plynlimon in the perspective provided by a number of long hydro-
metric records for maritime western Europe. The representativeness of the Plynlimon base period is considered with particular
reference to both the historical stability which typifies the great majority of European hydrometric time series and the recent
extension in the recorded range of accumulated rainfall and runoff totals which has been identified in some regions (e.g. west-
ern Scotland and Norway). Particular attention is directed to changes in seasonal rainfall and runoff patterns and the recent
increases in evaporative demands. Some of the implications for the overall water balance and for water resource management

are considered.

Introduction

Research in the Plynlimon experimental catchments has
substantially improved the understanding of upland
hydrological processes and the hydrological implications of
land use change (Kirby er al, 1991). Dense monitoring
networks, often utilising innovative sensing and recording
techniques, have provided a wealth of hydrometeorologi-
cal data to underpin a wide range of fundamental and
applied studies. As importantly, the associated point and
areal hydrometric datasets have established a set of reliable
benchmarks against which to assess the hydrological effect
of contemporary and future climatic conditions. Such
baseline datasets assume a particular importance at a time
when there is a priority need to quantify the impact of
global warming on rainfall patterns and the associated
hydrological responses.

The UK, together with other parts of western Europe,
has experienced very unusual climatic conditions over
much of the recent past—especially in the last decade
(Institute of Hydrology/British Geological Survey, 1996,
Green et al., 1996). These have underlined Britain’s vul-
nerability to hitherto rare weather patterns and focussed
attention on many of the issues at the heart of hydrologi-
cal science and its practical application. However, the
interactions between the unusual spatial distribution and
seasonal partitioning of rainfall, a decreased contribution
from snowfall and generally high evaporative demands, can
have complex hydrological implications. Partly as a conse-
quence, national hydrometric monitoring programmes can
produce conflicting signals regarding the overall impact of
the recent climate patterns on catchment water balances
and, by extension, the appropriateness of existing water
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management practices and procedures. Hydrological
knowledge acquired during the Plynlimon research pro-
gramme provides the means of reconciling many of the
conflicting signals but, in common with the great majority
of catchments monitored in western Europe, the
Plynlimon areal rainfall and runoff records are mostly less
than 35 years in length. To capitalise fully on the hydro-
metric data collected as part of this major experimental
programme, they must be placed in the spatial and tem-
poral context of the hydrological variability captured by
monitoring programmes extending over the last 150 years
or more.

RAINFALL—A LONG TERM PERSPECTIVE

Most lengthy rainfall series in western Europe are charac-
terised by a lack of any significant long term trend (Jones
and Conway, 1996, Green et al., 1996). Perturbations
about the mean can, however, be substantial and persistent
(Thomsen, 1993); this is especially true of the Celtic
regions where the preferred tracks of Atlantic frontal sys-
tems, over a run of seasons up to a few decades, can be
very influential. As a consequence, the apparent signifi-
cance of any perceived trends can be influenced heavily by
the timespan over which a time series is examined.
Records commencing during a dry phase (e.g. in the 1940s
in England) may show a convincing upward trend which,
when considered alongside the variability captured in
records of 100 years or more, proves to be only a note-
worthy departure from a relatively stable long term mean.

Figure 1 illustrates 5-year running means of annual rain-
fall totals for six index sites in western Europe; the loca-
tions are shown in Fig. 8. The 138-year series for
Rhayader in central Wales is particularly helpful in pro-
viding a historical context in which to place the 195496
rainfall series for the Severn catchment at Plynlimon (also
shown in Fig. 1). Each of the long rainfall series displays
broadly similar characteristics with little or no overall
trend until around 1970. Thereafter, and especially in the
period to the mid-1990s, a very notable increase in rainfall
occurs at Fort William and Bergen; this is consistent with
increases in precipitation reported for Iceland (Jonsson,
1994), the Norwegian Arctic islands (Hanssen-Bauer and
Forland, 1994) and the Faroes (Frich, 1994). Placing this
wet-phase in a wider climatological context, Hurrel (1995)
and Wilby ez al. (1997) note its correspondence with
exceptionally high values for the North Atlantic
Oscillation, a quasi-periodic fluctuation in pressure gradi-
ents across the North Atlantic.

The post-1970 increase in rainfall at Rhayader is notable
in the context of data covering the twentieth century but
less outstanding than the recent precipitation at Fort
William where five of the ten wettest years on record clus-

" ter in the post-1986 period. For Scotland as a whole, rain-

fall over the 16 years up to 1995 was around 18% greater
than the preceding average (Anon. 1995); notwithstanding
the effect of anomalies in the national rainfall series
(Smith, 1995), the recent increased rainfall represents the
largest sustained anomaly in a series from 1757. In the
more southerly sites featured in Fig. 1, seasonal rainfall in
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Fig. 1. 5-year running mean of annual rainfall totals for selected raingauges.
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the recent past has been very variable but no significant
departure from the long stability in mean rainfall is yet
evident. Similar conclusions have been reported for analy-
ses of long precipitation series for more continental loca-
tions; Heino (1994), for example, demonstrates long term
stability in precipitation for Finland.

The tendency for underestimation where snow
constitutes a significant component of precipitation
(Merscherskaya et al., 1995) could be a factor in the appar-
ent rise in annual precipitation for the more northerly sites
featured in Fig. 1. At these locations, snow was a substan-
tially lower proportion of total precipitation in the 1990s
than 30 years ago; for the Moel Cynnedd climate station
at Plynlimon, the average number of days with lying snow
during each of the last ten years is 16 compared with 28
for the preceding record. However, snow has always con-
tributed a relatively minor proportion of overall precipita-
tion at Bergen and Fort William, both low-lying coastal
sites, so the time series are indicative of a real increase in
rainfall over the 197095 period. This conclusion is sup-
ported by evidence from stream gauging stations in the
same area; runoff totals increased similarly within the same

timeframe. Although below average precipitation in the

early 1960s accentuates the recent trend, the 1980-95 wet
phase is notable in the context of the full rainfall series; for
example, accumulated rainfall totals over 12-48 months are
greater than any registered prior to 1980.

The unusual nature of rainfall, especially in the Scottish
Highlands over the post-1970 period is emphasised by Fig.
2 which illustrates the 10-year running mean of the ratio

of annual rainfall totals at Fort William and Kew
(London). Figure 2 testifies to a strengthening of the
north-west/south-east rainfall gradient across Great
Britain which has no modern parallel. The broad similar-
ity with the corresponding ratio for Bergen and
Copenhagen (also shown in Fig. 2) suggests a common
synoptic backcloth. Most of the recent increase in the ratio
is attributable to a greater wetness in the north and west
rather than any significant decline in rainfall in the eastern
lowlands. Examination of the ratio for Rhayader and Pode
Hole (in the east Midlands, Kington, 1988) demonstrates
that the ratio has covered a wide range over the last 35
years, but there has been no comparably steep increase in
the west-to-east rainfall gradient across central Britain—
this has important regional water transfer implications.
The unusual spatial pattern in rainfall over the recent
past has been accompanied by notable changes in the dis-
tribution of rainfall throughout the year. On average, rain-
fall in north-western Europe is fairly evenly distributed
through the year with a tendency towards an autumn max-
imum in the more maritime west; summers tend to be
drier to the south and east. Since the mid-1980s particu-
larly, many areas have witnessed a more distinct partition-
ing of rainfall between the winter and summer half years.
For England and Wales as a whole, this tendency towards
a higher proportion of annual rainfall falling in the winter
is especially notable if the periods November-March (win-
ter) and May-September (summer) are used; this seasonal
division broadly separates the infill and drawdown periods
for many gravity fed reservoir systems and major ground-
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Fig. 2. 10-year running mean of the ratio of annual rainfall totals.
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Fig. 3. Ratio of winter 5-month rainfall (Nov.—Mar.) to summer 5-month rainfall (May-Sep.).

water storages. Figure 3 plots the ratio of November-
March rainfall to that of the ensuing May-September.
The unrepresentative nature of the raingauge network—
especially the sparsity of raingauges in Wales, and above
200 metres, prior to 1850 (Symons, 1870), limits the value
of the early data but the there is no precedent for the
persistence of the increasing trend over the 30 years
from the mid-1960s. For central Wales, the running mean
of the winter/summer ratio at Rhayader provides a useful
historical context within which to assess the significance
of the very notable rise in the ratio for the Wye catchment
(Plynlimon) over the period from the early 1950s.
Both series have, however, been close to the period-of-
record maxima over much of the last 15 years. Similar ten-
dencies towards a more seasonally distinct rainfall regime

10000

have been found in Brittany and Norway (Green et al.,
1996).

EVAPORATION AND SOIL MOISTURE

Increased overall rainfall and/or a higher proportion of the
annual precipitation falling in the winter (when evapora-
tive losses are modest), would be expected to increase
overall runoff and generally bring benefits for water
resources. However, the recent past has also been typified
by consistently high temperatures—the last 10 years, taken
together, are the warmest of any 10-year sequences in the
Central England Temperature (CET) series which begins
in 1659 (Manley, 1974). The exceptional nature of sum-
mers over the last 25 years is evident from Fig. 4 which
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Fig. 4. Rhayader rainfall and Central England Temperature anomalies 1858-1995.
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