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Rxecu tive Summary

The summer of 1989 was drier than average across most of the United Kingdom
and, with the exception of a wet pe riod particularly in the west in
October, remained dry right through to the midd le of December: recent,
notable, droughts had been ended by late September. Po tential
evapotranspiration rates during the summer were among the highest on
record, and soil moisture de ficits were accordingly large and long-lasting.
The winter of 1989/90 was, like the preceding winter, mild, but was
considerably wetter. Winter rainfall was more than 50% above the long term
average in many regions, but parts of eastern Scotland and eastern and
south east England received, for the second year in succession , below
average rainfall. In these regions soil moisture deficits con tinued through
the winter. The,rainfall pattern of summer 1989 through to spring 1990 has
been notable in two respects . Firstly, the usual difference between the wet
west and drier east has been considerably exagge rated . Secondly, the
rainfall was very highly concentrated in a relatively short w inter period,
a feature more typical of Mediterranean climates.

Groundwater levels remained above those recorded in 1976 through the summer
of 1989 , but un like in 1976, continued to decline during late autumn . The
heavy rainfall between December 1989 and February 1990 led to some very
rapid rises in groundwater level, but levels fell very quickly in the dry
spring of 1990 so that levels were no higher at the beginning of summer
1990 than they were the previous year after a considerab ly drier winter.
Recharge was lim ited in those eastern regions with little winter rainfall.

River flows too were higher during the summer of 1989 than du ring 1976, but
continued declin ing until December (with slight recove ries in some
catchments in October). Some rivers experienced very rapid rises from
near-record minimum flows in early December to flood conditions in late
December, and runoff was the highest on record in February 1990 in many
catchments. As w ith groundwater, however, river flows declined rapidly
during the dry spring of 1990, and some reservoirs we re in a poorer state
at the beginning of summer 1990 than at the same time the previous year.
The winter rain fell in too short a time, and there simply was not enough
capacity to store all the surplus water. A comparison with the previous
winter suggests that a little rain late in spring is more usefu l for
maintaining summer supplies than a lot of rain early in winter followed by
a dry spring.
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1.3 Hydrologica l characteristics of summer 1989 and w inter 1989/90

•
N S Reynard, N  W  Arnell, T  J  Marsh and S J Bryant
Institute of Hydrology, Walling ford, Oxon OXIO 8BB

ID

•
1.3.1 Introduction

• The year May 1989 to April 1990 was remarkable for both its spatial and
temporal climatological variability . A dry summer followed a dry winter,
and 1989 as a whole was the driest since 1976. Like the preceding w inter,
the winter of 1989/90 was substantially warmer than average, but was , in
stark contrast, remarkably wet . England and Wales as a whole had the third
wettest December to February period since 1766, but there was considerable
variation between the wet west and rather drier east. Over much of south
England, between 50 and 602 of the rainfall between May and April fell in a
10 to 12 week period beginning in the second week of December. Evaporation
rates and soil moisture deficits were exceptionally high during 1989.

Both groundwater levels and river flows remained higher than in 1976 during

ID June, Ju ly and August, but the lack of w idespread autumn rain meant that
levels and flows in many areas continued to dec line until December,
frequently reach ing new min ima. The rise in levels and flows from m id-
December was very rapid, and widespread flooding ensued , reaching a peak in
most areas in February : many February flows were the highest on record. In
parts of eastern Britain , however, the relative lack of winter rain meant

40 that groundwater and surface resources were poorly rep lenished for the
second winter in succession . Groundwater levels and river flows fell

411 rapidly during the dry spring of 1990, leading to fears of a second year of
water shortage.

This Chapter summarises the hydrologica l characteristics of the period from

•
May 1989 to April 1990, drawing comparisons with previous notable years.

ID 1.3.1.1 Data sources

ID The data inputs to this chapter came from a variety of sources. The

• Meteorological O ffice Rainfall and Evaporation Calculation System (MORECS
Thompson et al, 1981) produces weekly and monthly climatic data for 188 40

411 km by 40 km grid boxes covering England . Scotland and Wales. In addition to
th is, two long time series of homogen ised rainfall for England and Wales
and Scotland were provided by the C limatic Research Unit at the University
of East Anglia, who also supplied the Central England Temperature record.

40 River and groundwater data are collected principally by the National Rivers
Authority and the Scottish River Purification Boards, and are held on the

ID Surface Water and Groundwater archives maintained by the Institute of
Hydrology (11-1) and the British Geological Survey (BGS) respective ly . The

• monthly Hyd rological Summaries for England and Wales, prepared jointly by
IH and BGS on behalf of the Department of the Environment, were also used
in the ana lysis.

ID
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• 1.3.2 Ma 1 89 to A ril 1 0

• 1.3.2.1 Snow fall and rainfall

41 The winter season 1989/90 produced very little snow . However, the
relatively wet conditions of 1989/90, compared to 1988 /89 did result in a

41 little more snow than the previous year. A network of 22 sites around
Britain record the monthly total of days w ith snow lying at 0900, and the

• figures are pub lished in Weather magazine's Weather Log. Of these 22 sites
8 recorded no days with snow at 0900 throughout the entire winter (November

• to April) of 1989/90. For the shorter definition of w inter (December to
February) this figure rose to 9 sites. A ll of these sites lacking snow were

• south a line joining Liverpool and Norwich .

41 The only noticeab le falls were in Scotland, where Eskdalemuir recorded 21
days with snow lying at 0900 (during the 6 month winter). This compares to

• the 1988/89 value of 14 and the long term median (1946147 to 1987/88) of 32
days. Fewer days than this have only been recorded on 8 occasions. The

• falls were fairly even ly distributed throughout the December to April
period with perhaps a minor peak in January. To the south, Lyneham in

41 Wiltshire recorded no 'snow days compared to median value of four or five
and one day during 1988/89. The situation has on ly arisen once before,

• during the winter 1975/76.

• Tab le 1.3.1 (taken from the May 1990 IH/BGS Hydrologica l Summary), lists
the rainfall (as month ly totals and as a percentage of the 1941-70 mean)

• for each of the National Rivers Authority (NRA ) regions and the River
Purification Boards of Scotland. Following a relative ly wet spring, May was

41 unusually dry. For example the London Weather Centre recorded only 2% of
its May average. Over England and Wales as a who le it was the driest May

• since 1896, with on ly 33% of the 1941-70 average . Interestingly May 1990
was also exceptionally dry, recording only 37% of the long term average .

• Scotland too continued a run of dry Mays w ith 1989 and 1990 being 64% and
602 of the long term Scottish average respective ly .

41
The following summer months (June to August) produced warm and dry

• conditions throughout Eng land and Wales. Figure 1.3.1a plots England and
Wales rainfall against the Central England Tempe rature from 1766, for the

41 June to August period. In general, the warmer the summer the less the
rainfall, and 1989 proves no exception. Summer 1976 is also plotted to

• highlight the extreme conditions of that year in comparison to 1989. June
1989 was very warm , although rainfall was about average and on ly modest

41 drought conditions existed in some southern and western districts. Ju ly
intensified this situation, extending the drought to many areas and by the

41 end of August moderate to severe drought conditions existed in all but the
far north west of Scotland . Th is five month period ranked as second driest

• in the Eng land and Wales rainfall series that beg ins in 1766 (Anon , 1990).

41 Considering Scotland alone the overall picture was somewhat different. The
1989 summ er rainfall total was 325mm , 97.7% of the long term (1941-70)

• average, but this figure hides a huge variability within Scotland. The
north and west received anything up to 1502 of average w ith on ly about 60%

• falling in the east. As an illustration of this east/west differential, the

•

•

•



• May June J ul y Aug
1989

Sept Oct Nov Dec Jan Feb mar
1990

Apr

• Engl and and mm
%

20
30

55
90

38
52

58
65

4 1
49

98
118

6 1
63

134
149

133
154

142 20
2 19 34

38
66Wa les

• NRA Reg i ons

Nor t h Wes t mm 37 82 33 116 29 145 84 100 196 187 47 52

• % 45 99 32 93 24 123 69 83 175 231 65 68

Nor t humbr i a mm 22 5 1 19 77 20 71 35 75 111 133 33 28
% 34 84 25 76 25 95 37 100 139 202 63 51

•
Seve r n Tr ent mm

%
25
39

53
95

40
62

44
54

38
57

82
126

52
66

135
193

107
155

110 21
208 40

30
58

• Yor ks hi r e mm
%

19
31

69
119

43
61

41
46

20
28

77
112

45
51

98
132

118
153

112 24
175 45

24
43

• Ang l i a mm
%

14
30

56
114

41
72

35
55

30
58

4 1
79

36
58

98
185

52
101

74 15
177 37

36
90

Thame s mm 14 39 37 44 28 65 37 141 91 113 12 35
% 25 75 62 63 45 102 51 214 147 242 26 76

• Sout her n mm 5 4 1 28 29 37 79 50 142 121 135 6 43
% 9 82 54 40 52 10 1 53 175 159 238 11 90

• Wessex mm 21 32 37 43 49 101 58 165 124 157 15 35
% 31 59 60 52 62 123 60 183 148 265 26 65

• Sout h Wes t mm 12 40 31 62 107 148 100 196 195 238 25 47
% ' 14 62 37 6 1 103 131 75 145 151 264 30 66

• We l sh mm 25 67 48 91 62 180 109 199 240 214 37 45
Is 27 82 51 76 50 140 76 137 176 244 42 52

•
Scot l and mm 53 76 49 184 96 18 7 60 96 248 291 183 97

• 59 83 44 143 70 126 42 62 181 280 199 108

•
River Pur i f icat ion Boa r ds

Hi ghl and mm 68 90 65 222 118 252 79 109 293 364 395 148

• % 66 82 51 150 75 135 47 56 179 274 346 130

Nor t h Eas t mm 59 57 25 84 57 87 29 54 103 145 87 51

• % 77 8 1 27 79 66 90 28 53 113 195 140 84

Tay mm 42 58 30 140 83 136 51 86 236 249 186 62

• % 44 70 29 119 72 111 43 64 200 270 227 83

For t h mm 36 64 27 144 69 117 39 79 220 22 1 134 50

• % 43 85 28 124 64 106 36 72 222 28 7 194 74

Twee d mm 43 51 23 113 47 58 30 78 166 180 53 47

• % 57 75 27 99 5 1 77 29 8 7 179 260 91 77

•
So lway mm

%
35
38

71
79

42
38

176
135

77
51

145
101

59
41

119
79

250
179

282 97
303 107

50
57

• Cly de mm
%

46
47

90
8 7

63
48

252
177

120
69

244
133

73
44

107
58

316
196

343 290
304 276

144
140

•
Ta b l e 1 . 3 . 1 Mo n t h l y r a i n f a l l f o r Ma y 19 8 9 t o Ap r i l 1 9 9 0 i n m i l l i me t r e s

• a n d a s a p e r c e n t a g e o f t h e 1 9 4 1 - 7 0 a v e r a g e .
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Figure 1.3.1: Re lationship between Central England Temperature and England
and Wales rainfall. The data extend back to 1766.
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40
long rainfall records of Aberdeen (Dyce Met Office) and Ayr (racecourse)

ID may be compared. For the three month summer, Ay r received 31% more than the
1941-70 average, whilst in Aberdeen there was 34% less . Annually, the

• figures for 1989 at these sites showed that wh ile Ayr received rain fall
marginally above average, Aberdeen experienced the second driest year this

40 century, some 38% be low average . On ly 1921 has been drier. For Scotland as
a whole the 1989 total was a little above average .

Un like 1976, the dry summer did not break in Septembe r and a severe five

•
month drought (May to September) existed in the north east, central and
southern England and south Wales .

Figure 1.3.2 uses the MORECS data to compare the extended summer months

•
(May to October) for 1989 and 1976. For summer 1989 some areas received
below average rainfall in every month: see , for example eastern Scotland ,

• and both north east and south east England . This compares to 1976 when the
(meteorologica l) drought ended abruptly in September.

October saw the return to somewhat wetter conditions with above average
rainfalls recorded in most regions. In contrast November was dry throughout
Britain with the lowest rainfall figures, in terms of percentages of the
long term average, occurring in Scotland . The first half of December
continued as November w ith some places recording a stretch of 30 days with

ID no rain. The rain that started in mid December saw the beginnings of what
was to be the third wettest winter (December to February ) in England and

•
Wales since 1766 (1914 and 1876 were wetter). Plotting the difference from
the long term average for both temperature and rainfall (Figure 1.3.1b) the
winter 1989190 plots in the very extreme end of warm , wet sector, a
dramatic change from the winter of 1988189. The spatial distribution of the

• rainfall was also ve ry different from that of 1988/89. Figure 1.3.3a shows
the MORECS data for this period where on ly 7 out the 188 boxes recorded

ID below average rainfall, compared to Figure 1.3.3b for the same period
during the 1988/89 w inter which shows all areas but no rth west Scotland
with below average rainfall. Vast areas of the country experienced rainfall
in excess of 50% above the long term mean in 1989/90. Wh ilst something of a
north west/south east gradient still exists, parts of Wales and southern
England, as well as north west Scotland received over 200% of their
average rainfall. In 1988/89 the areas with this sort of anomaly were very
restricted to the far north and west of Scotland . By referring to Table

•
1.3.1, February 1990 can be seen as the most severe month with 14 of the 17
water regions of Britain receiving over 200% of their average February
rain : it was also the wettest month on record over Great Britain as a who le
since at least 1869.

The mild winter of 1988/89 was brought about largely by the Jet Stream

ID runn ing in an abnormal position slightly to the north of Scotland. This
then directed the weather systems further north than usual over the north

4111 and west of the country, giving these areas a mild, wet w inter. Southern
districts however, under the northern edge of a particu larly strong Azores

•
High , experienced a mild and dry winter. Between mid December 1989 and the
end of February 1990, however, the Jet resumed its more usual position ove r
the UK, meaning the entire country received the brunt of the winter storms,
with rainfall amounts lower in the east in the rain shadow areas . The very

ID warm conditions, and 1989 ranked as the 3rd warmest yea r since 1633 (CET),
had produced anoma lously high sea surface temperatures and whether this
accounted for the exceptionally high rain fall and run of very severe storms

•
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a : W in te r 1988 /89

b : W inte r 1989 /90

F igu re 1.3 .3 : W in te r ra in fa ll (Decembe r to F e L F U rv ) as Fe rcen tage o f

the 196 1-1980 average : MORECS data
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41
in January and February is still a matter for debate.

41
1.3.2 .2 Evaporation and soil moisture

41
During the summer of 1989 (June to August) the high temperatures and record

41 sunshine totals produced potential evapotranspiration rates well above
average (1961-80) over the entire country, apart from a small area of north

41 west Scotland . Actual evapotranspiration however, taking into account the
availability of water, exhibits an almost reversed pattern. Areas of

41 southern and central England and the Eastern seaboard recorded below
average rates for the summer of 1989 reflecting the lack of rainfall.

41 Wales, the North West and much of Scotland recorded greater than average
evaporative losses as the rainfall was sufficient to meet these high

41 evapotranspiration demands.

41 The summer of 1976 provides a very interesting comparison to the summer of
1989 (Figure 1.3.4). In 1976 there was a far more obvious north west/south

41 east pattern . South east England experienced potential evapotranspiration
losses of more than 30% above the long term mean over a much wider area

• then in 1989 (Figure 1.3.4a). The south west, large areas of northern
England and .Scotland recorded higher potential evapotranspiration in 1989

• than in 1976.

41 The actual evapotranspiration over the entire country was higher during the
summer of 1989 (Figure 1.3.4b) than in the summer of 1976 (Figure 1.3.4d)

• because of the greater availablity of water in 1989. In 1976 nearly all of
England south of Yorkshire had actual evapotranspiration totals less than

• 65% of the 1961-80 mean . The pattern of actual, like potential
evapotranspiration , exhibited a north-west/south-east trend . The north and

41 west of England and Scoil and recorded actual evapotranspiration totals
above the average highlighting the areas with relatively little water

41 stress.  In 1989 these areas occurred much further south .

41 The shortfall of actual relative to potential evapotranspiration is an
indication of water stress and hence is of hydrological significance.

• During the summer of 1989 the north and west recorded minor shortfalls,
whereas southern and eastern districts saw values approaching 200mm . Such

• figures have only been  exceeded  in 1976.

41 Actual and potential evapotranspiration rates for the winter of 1989/90
were above the 1961 to 1980 average over the whole of the UK, with the

41 highest rates in the north west of Scotland and England and to a lesser
extent some central and southern districts of England . The lowest values

41 were found along the western seaboard, apart from the far north. The
m illimetre differences from the mean during winter were relatively small,

• only between 5 and 30 mm , and were very similar to the 1988/89 anomalies.

• Soil Moisture deficits (SMD) were also extraordinary for the year May 1989
to April 1990. Despite the relatively wet Spring of 1989 field capacity was

41 not reached in many eastern areas and appreciable SMDs were sustained
throughout the winter. Figure 1.3.5 shows the positions of five selected

• MORECS boxes, with Figure 1.3.6 plotting the time series of potential and
actual evapotranspiration and SMD from 1985 to March 1990.

41
North west Scotland represented by box 41 shows SMD va lues that are not

41 obviously different from any of the previous four years. It may be observed

•

•

•
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• Figure 1.3.5: Locations of the MORECS boxes shown in Figure 1.3.6.

411 however that both potential and actual evapotranspiration rates were
slightly higher, and this is seen to be true of every MORECS box selected .

ID The rapid decrease in the amount of rainfall from west to east Scotland

II
produces very different SMD patterns. The east coast is represented by
MORECS box 38 . Unusually, deficits bu ilt up in January 1989, following the

ID mild and dry winter. These deficits were removed during the more sustained
rain in February . With the very dry and warm conditions of the summer,

411 deficits reached 100mm in many boxes in eastern Scotland by July. Th is area
saw the lowest rainfall of the winter 1989190 in terms of a percentage of

411 the long term mean and this, coupled with very high potential
evapotranspiration rates meant that, unusually, SMDs were maintained

I I throughout the w inter.

4111 Moving south the pattern of eastern Scotland is repeated in most of
eastern, southern and central England and many areas maintained de ficits

II th roughout the February 1988 to January 1990 period . In some districts of
Northumbria and the extreme south east of England SMDs were not fu lly

I I rep lenished through the w inter of 1989/90. The method gf calculation of
SMOs within the MORECS model puts the maximum possible deficit for grass at

II 125mm . During the summer of 1989, 55 of the 188 MORECS boxes reached a
de ficit of 125mm for at least one month , and many of these maintained this

411 maximum between July and September.
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1.3.2.3 Groundwater

Groundwater resources in Britain typically show a strong seasonal cycle,
w ith recharge largely confined to winter and summers characterised by
continued recession (with the lag between rainfall inputs and groundwater

411 response varying between aqu ifers). The winter of 1988 189 was dry, but
in filtration during the spring of 1989 boosted groundwater recharge at a

ID time when levels are more usually falling and groundwater leve ls across
most of Britain were close to average at the start of summer (Arnell et al,

•
1989). Only in the chalk in eastern and parts of southern Eng land
(Yorkshire, Kent and a portion of Sussex ) were groundwater levels in May
1989 considerably below average, and here approached levels recorded in
1976 (in some regions, such as in parts of east Devon , groundwater levels

ID were low as a result of a combination of the dry winter and high
groundwater abst raction). Th rough the summer of 1989 groundwater levels

ID remained higher than those recorded in 1976 across most of Britain .

Groundwater levels usually begin to rise again in the autumn as soil
moisture deficits are replenished , but the dry Novembe r in particular in
1989 meant that there was very little widespread recharge un til December.
Rainfall in October produced some local recovery in leve ls, but this proved

ID short-lived. By the end of November, many wells were therefore close to or
below their minimum recorded levels: at Dalton Holme in the Yorkshire cha lk
levels in December 1989 were below the previous lowest in a 106-year
record. The groundwater resources at the beginn ing of the 1989/90 recharge
season were in a worse position than at the beginning of the previous
w inter, particularly in the east.

Once the initial soil moisture deficits were replenished , however, the

411 heavy rain in December led to rapid rises in groundwater levels,
particu larly in shallow or well-fissured aquifers. In western aquifers
(such as the Permo-Triassic sandstones) levels entering 1990 were higher
than average, although the recovery was slower further eastwards and was
very limited in the extreme east. Groundwater levels rose fu rther following
the heavy rainfall in January and February, and in most wells exceeded the
seasona l average . The well at Chilgrove in the chalk in Sussex recorded a
rise of 20m in seven days in February 1990, a rate well in excess of that
term inating the 1976 drought and probably the fastest in a 154-year record
(as far as can be ascertained from monthly data). Over most British
aqu ifers, groundwater recharge in the w inter of 1989 /90 was above -
sometimes well above - average. Recharge was, however, below average in the
chalk in parts of Yorkshire, East Anglia and Kent, and levels rema ined
be low the seasonal mean . The dry March and April meant that groundwater
recharge finished earlier than usua l, and many well levels fell more
rap idly than is usua l: in some eastern wells th is rap id decline was from an
exceptionally low base. By the end of May 1990 groundwater leve ls across
most of Britain were below average , but mostly within the no rmal range: in
the east and parts of the south water tables began the summer of 1990 at an
exceptionally low level.

40 A comparison of groundwater behaviour in 1988 /89 and 1989/90 shows the
benefit of late, albe it lim ited, recharge . Rainfall was high during 1989/90
(except over eastern chalk), but the recharge season finished early and

ID levels fell rapidly: levels in many wells were lower at the beginn ing of
summer 1990 than at the same time after the considerably drier w inter of
1988/89. The experience of 1969190 suggests that when recharge is

ID 12
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41

41
concentrated into a few weeks of intense rainfall, the improvement in

41 resources in some aquifers (and hence ability to sustain summer levels) may
not be as large as implied by the increase in levels. Even in well-fissured

41 aqu ifers a substantial amount of water may be held in intergranular storage
rather than in the larger fissures. It is possible that short periods of

41 intense rainfall may appear to be insufficient to recharge this
intergranular store, and water levels recede rapidly once recharge ceases .

41 There is also some suggestion that if rainfall is very intense , much of the
excess of rainfall over evaporation runs off in floods rather than

41 infiltrates as groundwater recharge . Both these suggestions merit further
research .

41
1.3.2.4 River flows

41
Rivers in Britain are very heavily managed, and it is difficult to find

41 gauging stations where long records of "natural" river flows have been
maintained . Artificial modification of river flow regimes is particularly

41 widespread in dry summers. Licences for the abstraction of water from
rivers may be temporarily revoked, for example, or water may be transferred

41 between catchments . Low river flows may be reduced further by increased
abstraction from groundwater, and other catchments may be augmented by

41 groundwater abstraction.

41 Data are available from enough rivers where the net impact of artificial
influences is lim ited, however, to provide the basis for a generalised

41 review of the river flow characteristics between spring 1989 and spring
1990.

41
Figure 1.3.7 shows monthly flows from May 1989 to May 1990 for several

41 representative catchments (shown on Figure 1.3.8), expressed as a
percentage departure from the average flow for each month ca lculated over

41 the entire period of record. Although there are some considerable
differences between the magnitudes of the departures in each catchment , the

• data (together with data from catchments not plotted) show that flows were
below average across virtually the whole of Britain until at least December

• 1989, with the rain fall in October 1989 producing higher than average flows
in some western catchments. The size of the relative departure from average

41 in each catchment depends not just on the deviation in rainfall and
evapotranspiration from the norm , but also on the average summer water

41 balance and catchment geological conditions. If summers have, on average, a
close balance between summer rainfall and potential evapotranspiration (as

41 is more typical of upland catchments), a reduction in rainfall and an
increase in evapotranspiration wou ld have a considerable relative effect on

41 summer flows. If, on the other hand, summers are usually characterised by
large water deficits (rainfall less than potential evapotranspiration) and

41 the catchment has little natural storage to prov ide baseflow support
through the summer, flows are low in most years and would be relatively

41 less affected by the unusually dry and warm summer: flows in autumn would
show a greater relative effect, because soil moisture deficits wou ld last

41 longer into autumn . These tendencies can be shown by modelling studies , and
some supporting evidence can be found from observed data. Data from 28

41 catchments were used in a mu ltiple regression analysis, which showed that
the variation between catchments in the relative departure from average

41 summer runoff during 1989 was influenced by the average summer water
ba lance as well as variations in the summer rain fall anomaly :

•
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Figure 1.3.7: Monthly river runoff in six example catchments, October 1988
to May 1990, expressed as a percen tage departure from the long-term average
month ly runoff: catchment locations are given in Figu re 1.3.8



(6.61)

5006

19  0 004

,52035

15

Figure 1.3.8: Locations of the six example catchments shown in Figure
1.3.7.

%runoff = -21.5 0.17 Balance + 0.65 %rainfall

(0 .037) (0.220)

N = 28
R
2
= 47.8%

%runo ff = JJA 1989 runoff as % difference from average
%rain fall = JJA 1989 rainfall as % difference from average
Balance = average summer water balance

(JJA rainfall-JJA PE)

The figures in brackets are the standard error of estimate, and are used t.o
indicate the statistical significance of the regress ion coefficient: all
the coe fficients are significantly different from zero at the 1% level.

It is important to note that although "drier" catchments may show a sma ller
proportiona l response to a given rainfall shortage, resources may be under
greater pressure in such a catchment than in a more humid catchment and the
relative consequences of the rain fall shortage may he rather larger.

Catchments with a high baseflow component, such as those on chalk, shou ld
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show a lesser response to summer water shortages, and should be much more

•
affected by winter groundwater recharge : this is unfortunately difficult to
test using observed data, because of the variability between catchments in

40 winter and spring rainfalls.

40 As during the drought of 1976, the rain fall de ficit in 1989 was greatest in
eastern England and Scotland . River flows during the summer of 1989 were
considerably higher than in the region experiencing drought in summer 1976
(the June, July and August total ranging from 30 to 300Z higher), but low
flow conditions persisted for rather later into the year. In 1976 flows had
returned to near-average values during September, but in 1989 the recovery
was delayed until December (with no substantial recovery even by then in
eastern regions). Figure 1.3.9 shows daily river flows for two example
catchments in 1976 and 1989: one catchment (52005) is in Somerset, the
other (33019) in East Anglia .

41 A lthough there was some recovery in the areas receiving rain in October,
the largest and most widespread recovery followed the heavy rainfalls from
mid December 1989. The rapid rise in flows during 1989 is shown in both the

40 catchments in Figure 1.3.9. Flows in many rivers increased rapidly from
well below the seasonal mean to well above average in a matter of days. A
number of lowland rivers recorded their lowest and highest flow rates for
the year over the period of a fortnight, a rare event in the UK (Anon ,
1990). Flooding occurred in December and , more widely , in February, w ith
the Severn , Thames and Tay catchments being particularly affected . The
runoff vo lume for the Tay for February 1990 is the largest recorded on the
Surface Water Archive for any month for any gauging station in the United
Kingdom , and river flows remained above 300 m3/sec on the Thames at
Kingston (near the tidal limit) for 17 days, the longest since 1947.
February runoff totals exceeded previous maxima in many catchments, and the
total runoff from Eng land, Scotland and Wales in February 1990 was the
largest recorded in any month over (at least) 30 years. Some catchments in
eastern England and Scotland did not share in the high flows, however, and
in several flows remained below average th rough the winter (for example the
Lud in Lincolnshire in Figure 1.3.7).

River flows fell rapidly during the dry March and April, however, and by
early summer were in many catchments again below the seasonal average . The
variation in river flows over the winter from well be low average, to
record-breaking maxima and back to below average conditions is
unprecedented (at least over the forty or so years with widespread ,
reliable hydrological records).

Although rain during the winter of 1989/90 was late arriving, the winter40 was considerably wetter than 1988/89 and river flows were accordingly much
higher (except in the east). Runoff totals over w inter as a whole (December
to February) were close to average in many catchments, but this runoff was
concentrated in a very few weeks. Reservoirs were generally filled by
February , and in many cases could have been filled a second time . However,

40 they began emptying sooner than usual, because of the dry spring and , in a
few cases, because they were drawn down for flood alleviation purposes, and
by the beginning of the summer of 1990 a number of reservoirs had lower
stocks than at the beginning of summer 1989 . Figu re 1.3.10 shows the
contents of a reservo ir in south west England over the winter 1989/90 in
comparison with both 1988/89 and 1975/76. Surface water storages showed,

40 therefore, a somewhat similar pattern to groundwater reserves: a little

40 16
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40
rain late in the winter season appears to be at least as beneficial for

ID summer supplies as a larger amount of rain that ceases earlier in spring.
Summer supply reliability depends not just on the amount of winter

• rainfall, but also on its timing .

• With the important exception of algal growth in some reservoirs (Chapter
3), there were no unusua l water quality problem s between spring 1989 and

411 spring 1990. Farm-based po llution incidents were in fact the lowest since
1984, because of the lack of rain to wash silage from fields into water
courses .

1.3.2.5 Water management responses during summer 1989

ID Two types of problems arise with water supply during dry spells . "Resource"
problems arise .where there is not enough water left in a reservoir or
aquifer to satisfy demands . "Distribution" problems arise where the water
distribution system cannot meet short-du ration high peaks, and reflect

ID constraints in the supply network such as the capacity of service
reservoirs and mains pipes . Distribution problems are frequently associated

411 with peaks in demand for garden watering, and can be exacerbated by
equipment failure or source contam ination. Both "resource" and

• "distribution" limitations occurred during the summer of 1989.

40 The water industry in the UK adopts a hierarchical approach in response to
water shortage. In principle, the first response to an impending shortage

111 is to implement predefined water management sch emes (such as transfer
between catchments and augmentation of river flows by groundwater) and to

I I appeal to consumers for restraint. The second stage is to introduce a
hosepipe ban , and the third stage is to apply to the Department of the

41 Environment for a Drought Order allowing, for example , reduced releases

from reservoirs or increased abstraction from rivers.
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Figure 1.3.10: Reservo ir replenishment and drawdown for Stithians

• Reservoir, South West Water, in 1976, 1989 and 1990 .
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These Drought Orders do not directly affect consumers, but the fourth stage
is to implement Drought Orders which impose restrictions on non-essential

4111 commercial uses of water (such as watering of public parks and golf
cou rses). The final stage is to introduce water rationing, either by

ID cutting of supply to consumers for a period in each day or by restricting
supplies to standpipes. Such a drastic action also requ ires Department of

ID the Environment approva l.

ID In practice , however, the progress of response to the developing water
shortage in 1989 did not quite follow this mode l exactly . This was mainly

ID because the drought began , in south east England at least, during a very
dry winter. Water management schemes were imp lemented and some consumer

ID restraint was urged in late w inter, but hosepipe bans are of course largely
irrelevant at this time of year. The first Drought Order to increase

• abstractions was applied for in February 1989 by Southern Water in Kent,
be fore a hosepipe ban was app lied: the East Surrey Water Company followed

41 soon after.
A number of lowland rivers recorded their lowest and h ighest flow rates for

•
the year over the period of a fortnight, a rare event in the UK .
The rain fall during late spring eased fears of a serious summer water
shortage for a time, but large increases in demand during the very warm and
dry May led to hosepipe bans being applied in many areas in southern
England . Water companies reported peak demands between 30 and 502 higher
than expected in some areas, due largely to the use of garden sprinklers.
By the end of August, around 12.5 m illion domestic con sumers in five water
company regions (Southern, South West, Thames, Welsh and Severn-Trent, plus
several of the smaller independent water supply compan ies) were affected by
a hosepipe ban , and bans were imposed in parts of Yorkshire in October

•
(note that the bans in parts of the Thames region reflected water quality
problems at a treatment works rather than a water shortage or distribution
problems per se). Throughout the summer water compan ies encouraged
restraint amongst consumers through advertising campaigns of varying
degrees of intensity: South West Water hired an aeroplane towing a "Save
it" banner.

A further batch of Drought Orders was applied for as the dry , warm summer

ID progressed and resource problems towards the end of the year appeared
possible if autumn were to turn out dry . By the end of July, Drought Orders
were in force in the Southern , South West and North West Water areas (some
implemented by the small independent water companies), and Yorkshire Water

•
app lied for its first Drought Order in mid-September. Anglian Water applied
for its on ly Drought Order in December 1989 when soil moisture deficits
remained unseasonally high (but the Order was not actually implemented).

41 The fourth stage in drought response was entered on August 1 1989, when
Southern Water was empowered under the terms of a Drought Order to restrict
non-essential commercial uses in some areas. Further applications for
sim ilar Drought Orders were made between August and Oc tober by several

411 water companies in central and southern England . In late August South West
Water prepared to enter the fifth stage in drought response by installing

• standpipes in north Cornwall, but rainfall in mid September meant that they
were not actually needed .

ID Restrictions in all but the most southeastern districts were relaxed during

•
November, but many of the Drought Orders remained (albeit not app lied).

• 19
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Resource prob lems remained likely through the early part of the winter of

• 1989190, and the Colne Valley and Rickmansworth Water Company appealed to
their customers to conserve water in late January 1990 : at the same time ,

• additional Drought Orders were applied for by the Mid Kent and Mid Sussex
Water Compan ies. By the beginning of March 1990 restrictions on pub lic

41 water use were lifted by all water compan ies (although Drought Orders
remained in place). The rain in parts of Kent, however, was be low average

• during the winter, and the first hosepipe bans of 1990 were introduced in
early May in the Medway catchment.

•
1.3.3 Concludin comments

•
The period May 1989 to April 1990 was one of extremes . The period as a

41 whole was drier than average, but rainfall was concentrated into a short,
ve ry wet, winter period. Eastern districts in England and Scotland

41 experienced be low average rainfall for the second year in succession, but
flooding in parts of the south in February was the most severe for many

41 years.

41 There are several important contrasts between the water resources situation
in the summer of 1989 and in the drought of 1976. Firstly, although the

• drought of 1989 was less "intense" than that of 1976, it continued later
into the autumn . Both the 1976 and the 1984 droughts had broken by

• September, but the 1989 drought did not break in many areas until December
(and in some eastern regions did not break even then). This delay is

41 important, because the responses of water managers to drought are
influenced by the date they expect the drought to finish.

41
Secondly, the demand for water was considerably higher in 1989 than in

• 1976. Public water demand in summer 1989 was generally between 10 and 20%
higher than in 1976 (demand in the Mid-Kent Water Company area was

• approximately 28% higher), although industrial demand in many areas has
declined. Peak domestic demands have increased by an even larger

• percentage , w ith additional implications for the reliability of
distribution systems.

41
Thirdly, water managers during the drough t of 1989 had the benefit both of

41 a wider range of water management schemes and a more flexible legislative
framework than were available to managers during the 1976 drought. Many of

41 the new water management schemes - involving inter-basin transfers and
groundwater augmentation of river flows, for example - were a response to

• the 1976 drought and were implemented for the first time du ring 1976.
Kielder Water and its associated water transfer scheme enab led Northumbrian

41 Water to operate through the dry summ er with no distribution or resource

problems. Legislation introduced during the course of the 1976 drought (in

41 particu lar the 1976 Drought Act) enabled water manage rs to introduce
restrictions on supply at an early stage of the 1989 drought, although the

41 detailed effect of the improved legislation awaits further study : a
complication is added by the privatisation of the water supply and

41 treatment industry during the course of the 1989 drought.

41 1989 prov ided the first test of many of the drought management schemes
implemented following the 1976 drought. It also showed the considerable

41 peak demands that may result from garden watering in early summer, and the
additional disruption caused by "mechanical" failures in the distribution

41 system . Water managers w ill be look ing c lose ly at the lessons of 1989 (and

41 20
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at the experience of a second, in many regions more intense, drought in

• 1990), and considering ways of alleviating impacts in the future . C lose
attention will be paid to the results of the metering trials currently

41 being undertaken in several areas (what effect does metering and unit-based
pricing have on use of water during a dry summer?), and plans for new

ID resou rces will be prepared: as early as January 1990, a consortium of water
companies in drought-stricken Kent announced the revival of the

ID long-dormant Broad Oak reservoir project.
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