






































































































Figu re 5 .3 F low du ration cu rv es u nder current clim ate ,
tog ether w ith p ertu rbed cu rv es rep resenting changed conditions

a ) a catchment in m id-Wales
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40

• change in the yield , wh ilst in the more hum id basin a 1 per
cent change in p otentia l evapotransp iration led to th e same

• change in yield . They concluded that the e ffects on reliable
y ield (and also on storage re liab ility ) depended more on

• changes in precipitation than in evapotransp iration .

•
S imilar stud ies are underway at IH , but for now it is possible
to make some educated guesses about e ffects on reserv oir

• reliab ility using a genera lised storage-y ie ld d iagram , where
volum es are expressed as percentages of the mean annu al runoff

40 volume and y ield is expressed as a percent ile from the flow
durat ion curve (Beran , 1984). Such standard ized diagrams are

• relat ively consistent ac ross a large area , and indeed one
d iagram may be applicable for much o f Britain (Figure 5 .4).

If flows were to increase by a certa in percentage , yield cou ld

•
increase too , with the shape of the flow du rat ion curve
in fluencing th e chang e in reservoir reliab ility . Example

• ca lculations o f the e ffect on re liab ility o f a change in
climate are shown in Table 5 .2 , for hypothetica l rese rvoirs in

• northern England (where summer precipitatio n is assum ed to
increase) and the east M idlands (where summ er p recipitat ion is

• assumed to decrease). In both cases the desired yield is the
flow exceeded 80 per cent of the time (approximately 23 per

• cent and 12 per cent o f the average da ily flow in the northern
and mid land sites resp ect ively ) and the reservo ir has a storage

411 equal to 4 per cent of the mean annual runo ff vo lume , g iving a
10 per cent chance of failure in any one year . The flow

.110 duration cu rves for th e two sites were adjusted as described
abov e , and the Table is used in conjunction with Figu re 5 .4 . To

• summarise , under the scenarios adopted the chance of empty ing
for the reservo ir in northern England wou ld fall from one year

• in 10 to one in 25, whilst the reservoir in the east M idlands
would fa il more frequ ently , in approximately one year in seven .

410
These resu lts apply of course to hypothetical reservo irs w ith a

• relat ively h igh risk of empty ing , and furth er studies are
necessary to clarify the impacts of climate change on resource

• reliabil ity under a w ide range of cond itions . Th e sensitivity
o f a reservoir depends on yield and storage relative to average

• flows . A small reserv oir w ith a low level o f regu lation , for
example , w ill be more sensitive to the duration of dry spells

• than average prec ipitat ion and evapotransp iratio n (Law , 1989).

• 5 .3 Research needs for surface water resou rces impacts

• Water resource av ailabil ity and reliab ility are determ ined more
by variab ility over time than mean conditio ns , except at high

410 levels of reservoir regu lation . At present only p relim inary and
approximate at tempts can be made to est imate th e effects o f

• changes in climate on flow variab ility , and there is a clear
need for m ore deta iled studies in Britain . Such studies need to

• comb ine sh ort-time scale input in formation (daily rain fall or
temperature , for examp le ) w ith conceptual m odels of th e

• ra infall-runoff process . The characteristic s of the input data
will in fluence strong ly th e resu lts obtained , and it is

• th erefore necessary to attempt to understand and model the

•
ID
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Figu re 5 .4 A standardised storage-y ield d iagram for Britain
The g raph shows reservoir y ield as a flow exceeded a g iven
proportion of the time , and reservoir size as a percentage of
average annual runoff .

Based on Beran (1984)
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Tab le 5 .2 Estim ation o f change in reserv oir reliab ility using
a standardised storage-y ield diagram

Y ield - flow exceeded 80% o f the tim e (Q 80)
Frequ ency o f shortage = one fa ilure in 10 years (10%)

Requ ired v olume o f storage = 4% of annual runo ff vo lum e

°N orthern Eng land reserv o ir',

Average da ily flow (A DF ) -
Q 80 - 22 .8% A DF
A nnu al runo ff volume (ARV ) =
V olum e o f storage

10 .7 m 3s-1

2 .44 m 3s-1

338 x 106 m 3

13 .5 x 106 m 3

A ssum e annual flow inc re ases by 15%
N ew annual runo ff vo lum e = 390 x 106 m 3

Storage as % = 3 .5% of ARV

A djust flow durat ion curv e by ra is ing by 15% th roughout
Q 80 b ecomes Q84

New reserv o ir character ist ics :
Y ie ld = Q 84 Volum e - 3 .5%
Reliab ility changes from 10% chance o f fa ilu re to 4% fa ilu re

rate

',M idlan d Eng land reserv o ir°

Average da ily flow (A DF ) = 0 .02 m 3s-1
Q 80 = 11 .9% A DF - 0 .0024 m 3s- 1
A nnua l runo ff v o lume (ARV ) = 0 .631 x 106 m 3
V olum e of storage = 0 .025 x 106 m 3

A ssum e annual flow increases by 7%
N ew annu al runo ff vo lum e = 0 .675 x 106 m 3

Storage as % = 3 .7% o f ARV

Adjust flow durat ion curv e by ra is ing h igh flow s by 15% and
reduc ing low flow s by '15%

Q 80 b ecomes Q76

New reserv oir characterist ics :
Y ie ld = Q76 Vo lum e - 3 .7%
R eliab ility changes from 10% chance o f fa ilu re to 15% fa ilure

rate
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potentia l future changes in climat ic variab ility . The key
character ist ics o f the catchment (and reservoir , where
appropriate ) wh ich determ ine sensitiv ity to climate change need
to be identified , and attempts must be made to learn how to
genera lise resu lts from s ite-specific stud ies using catchment
characteristics . The study of generalised flow durat ion cu rv es
and storage-y ie ld d iagram s w ill both help understand ing o f
important controls on sensitiv ity to change and enable som e
generalised est imates of impact to be made . It is also
necessary to run some comparat ive experiments to compare the
relative effects of climate change and land use chang e , to
p lace c limate change in context .

5 .4 E ffects o f clim ate chan ge on groundw ater resou rces

Groundwater makes a very important contribution to water
resourc es in many parts o f the world - not least Britain , as
ind icated in Chap te r 4 - and it is somewhat surprising th at
there hav e been very few studies into the possible e ffects of
climate chang e on recharge and groundwater levels . Only Bu ltot
et al (1988) appear to hav e considered changes in groundwater
storage , during their study of three small Belg ian basins .

A s a genera l ru le , groundwater rech arge in Br itain takes p lace
in w inter once the summer soil moistu re deficits hav e been
rep lenished , and ceases in late sp ring when soil moisture
deficits reappear . The actual recharge period varies between
years , however , and somet imes recharge occurs in summ er (in the
Permo-T riassic aqu ifers in the Eden Valley in Cumbria , for
example ) or is lim ited in winter (as in the w inter o f 1975/76).
Nevertheless , an increase in w inter e ffective rainfall should
lead to an increase in groundwater recharge and hence
g roundwater levels .

It is d ifficult to estimate the magnitude of the effect ,
because of the lack of a s imple relat ionsh ip between w inter
ra infall summ ed over a fixed time period and recharge , but
d iagram s such as Figure 5 .5 prov ide the basis for som e crude
estimates . Annual replenishm ent in the ch alk in the Anglian
Water area (taken from Hydro log ical Data UK Yearbooks ) is
p lotted against the October to March rain fall over the whole o f
the reg ion , and it is possible to in fer that for each increase
in w inter ra in fall o f 10mm , recharge increases by approximately
70 m illion  re .  Th is crude estimate applies of course only to
East Ang lian chalk , and very different e ffects cou ld be
noticeab le elsewhere . An increase in groundwater recharge would
mean not only increased groundwater resou rces in summ er but
also , in some areas , h igher summ er river flows (as described in
Sect ion 5 .2) .

There are , how ev er , qu alifications to th is simp le imp ression o f
increased resource ava ilab ility . In filtration to groundwater is
in fluenced by in filtrations capac ity , which may impose an upper
bound on the amount of the extra w inter rainfall that can
actually be accepted into the aqu ifer . Su rp lus rainfall would
simply run o ff, and groundwater recharge would not rise by as

g a
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41 Figu re 5 .5 Annual recharge to the chalk in th e Anglian W ater
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much as the increase in winter rainfa ll would imply . In Britain
th is is most likely to occur w ith the Permo-Triass ic
sandstones , wh ich hav e low er infiltration capac it ies and
hydraulic conductivit ies than the chalk and upper greensand
aqu ifers . Bu ltot et al 's (1988) conceptual model predicted a
reduction in groundw ater levels in one of their study
catchments , where stream flow generat ion was dom inated by
su rface processes (such as saturation overla nd flow ) . They
attributed the lower groundwater leve ls to improvements in the
cond itions necessary for surface or  n e a r - s u r f a c e  flow , and
hence a reduction in the am ount of water ava ilab le for
in filtrating all the way down through the so il profile : this
perhaps  r e f l e c t s  the low in filtration capac ities and
conductiv it ies of the catchment so ils and geology .

One o f the m ost sensit ive Brit ish ecosystems to react to change
may be the chalk (or indeed other limestone ) bou rne . Many are
already see ing norm al headw ater posit ions mov ing downstream
under the effect o f well pump ing . It is very possible that some
redress would occur in a warmer wetter w inter sc enario ,
part icularly as an accompanying move to less frequently frozen
ground cou ld assist in filtrat ion .

In summ ary , it appears that h igh er w inter ra infalls , were they
to occur , wou ld lead to increased groundwater recharge and
hence higher groundwater levels - possibly throughout the year
- but that in som e areas th is increase may be lim ited by the
constra ints of aqu ifer propert ies . The effects of a sea lev el
rise on coastal aqu ifers is cons idered in Section 6 .3 .

5 .5 Research needs fo r groundwater effects o f climate change

The importance o f g roundwater as a resource in Britain requ ires
th at stud ies are undertaken on the potential effects of
increased w inter rain fall on groundwater recharge . Such stud ies
must be based on the analysis of past recharge data and an
understand ing of the hydraulic characterist ics of aqu ifers ,
together w ith pred ict ions o f the effects o f c limate change on
so il mo istu re variat ions ov er t ime .

5 .6 Im pacts o f  c lim a te change on dem and fo r wate r

Est imates o f future dem and for water are as d ifficult to make
as estimates of water supply follow ing clim ate ch ange . Some
stud ies hav e considered the effect o f climate change  on  demand
for water , and Callaway and Cu rrie (1985) concluded that "The
locat ion , t im ing and magnitude of many different types of
demand for water may  be  qu ite  s e n s i t i v e  to the effects o f CO 2
bu ild-up on temperature and v egetation" . However, many non-
climatic factors a lso in fluence demand for water :

i) Demography factors : demand for water w ill increase as
population increases . Th is is likely to be less significant in
the UK than in other parts o f the world ;

1 11
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ii ) Socio -econom ic factors : as econom ies and soc ial att itudes

•
tow ard s water change , so w ill water demand ;

• iii) Policy and institutional factors : demand for wa ter may be
in fluenced by inst itutional polic ies toward s water. W ater

• recycling and re-use m ay be improved , for examp le , or
alternative pricing st ructures a imed at managing demand may be

0 introduced . Losses from mains leakage may be reduced .

I I Climate change aside , most forecasts predict an incre ase in
demand for water at a range o f scales (Gardiner and Herrington ,

I I 19 86 ; MacDonald and Kay , 1988 ). W ith a change in clim ate , these
fo recast s may need to be dramatically rev ised . Unlike many

I I commodod ities , demand for and abstractions of water a re to a
large extent determined by its supply , and the most s ign ificant

• e ffect o f climate change on water use may be through its impact
on water supplies .

It is conven ient to consider the impact of climate change on

•
w ater dem and in the UK by th e three main sectors , ag r icu lture ,
industry and dom estic .

ID Changes  in agricultu ral  demand for water

Agriculture in all its form s is a major user of wate r in
Britain , and the one most in fluenced by climat ic var iab ility
and change . Much of the rainfall intercepted and evaporated
from vegetation in Britain can of course be considered to be
agr icultural use , but agricu lturalists also draw heav ily on

•
sur face and groundwater resources w ith consequent im p lications
for other w ater users .

The Adv isory Counc il for Agricu lture and Horticulture pred icted

•
in 1980 (A CAH , 1980) a four-fold increase in ag ricultura l
dem and by the end of the century , due mainly to increases in

•
ab stractions for irrigation . Most o f this is used for "sub-
irrigat ion ", or the watering o f crops  by  seepag e fro m

• watercourses , and summer flows in many low land river s are
significantly reduced by such consumption . Evans (1983)

• est imated that the am ount consumed in sub-irrigation in the
Fens area in a 1 in 20 year dry summ er is approx imat ely

ID equ iva lent to a half o f the volume o f the Grafham Wa ter
reserv oir . Demand for sub-irrigation can be expected to change
consid erably in a warmer , CO2-rich world , as crop water
requ irements increase and transp irat ion rates reduce . Th is w ill
have consequences for flow s in m any lowland areas .

40 The amount o f water in Brita in w ithdrawn for sp ray-irrigat ion
has increased in recent years, and is closely linked to summer
so il moisture de fic its (Evans , 1983). Spray irrigat ion is
requ ired to maintain yields of certain crops in eastern Eng land

ID in e ight or nine yea rs out o f ten at present , and if summers
becom e drier as well as warm er this need can be expected to

411 increase . Set ag ainst th is increase , howev er , are possib le
changes in the effic iency of irr igat ion w ater use and , in a

4I m ore comp licated way , possible changes in agricu ltu ral

•

C 1



411

41
pract ices as a resu lt in chang ing econom ic and policy
cond it ions .

41
At present , the abstraction for general use with livestock
represents the largest compopent of  ca l.-en agricultural demand I I
(approx imately 170 m illion  re  - 465 Mld-i - and mostly from
pub lic supplies : ACAH (1980)). How ever , wh ilst th is is an I I
important element in demand for good quality water , it is
believed to be relat ively insensit ive to changes in climate .  0

Changes in agricultural dem and can have an ind irect effect on 0
the water resources availab le to other sectors by altering
r iver flows and groundwater recharg e , and can have a direct 40
in fluence through changes in manag ed abstractions (for sp ray
irrigat ion , for example). Est imat ion of th e impacts o f such 40
chang es requ ires in formation on changing crop-water
requ irements in a changing climate . 411

I I
Changes in industrial demand for w a ter

411
Much of the industrial demand for w ater (exclud ing water for
cooling - see Chapter 7) is not d irectly sensit ive to chang es
in climate , and climate change can be expected to in fluence
indust ria l abstractions only through its e ffect on supply
reliab il ity . Changes in industrial demand and abstractions w ill
re flect general econom ic health , changes in industrial
structure and changes in attitudes -and policies towards water
use , and these e ffects may be greater th an those of climate
change . Since the drought o f 1976 many industries hav e improved
the ir e ffic iency of water use , in o rder to lim it d isruption in
dry years (Parker et al, 1986).

Changes in dom estic demand fo r w ater

Househ old demand in Britain cu rrently accounts for 411
approximately a qu arter of total dem and , and is pred icted to
increase in abso lute terms . Th is inc rease will re flect ch anges
in water use rather than increases in popu lat ion totals , and
est imates of futu re demands are therefore dependent to a deg ree 40
on assessments o f changes in , for examp le , ownership of wash ing
mach ines . Hall et al (1988) describe a detailed study of water
use in the South West Water area , and wh ilst they do not
consider exp lic itly the e ffect o f po ssible climate change , it
can be in ferred from the areas o f demand itemised that domestic
water use per capita is probab ly insensit ive to chang es in
climate . Garden sprinkler usage w ill probably increase , but
th is const itutes only a small proportion o f dom estic demand
(le ss than 3 per cent at present : WAA , 1988). However , total
domest ic dem and in some areas may be expected to increase in a
warm er w orld . If warmer summers encourage greater tourism in
South West Eng land , for example , total summ er d emand will rise :
the supp ly in frastructure in the South west is currently geared
toward s meeting peak summ er demand . In 19 85/86 thy av erage
daily supply in the South West rose from 412 M ld - 1 in the
lowest week to 506 M ld-i in the peak of the summer season 41
(South West Water , 1987).

4I
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5 .7 T he e ffect o f climate change on dem and fo r water : research
needs

11
The links between climate and demand for water are currently

411 less c lear th an the links between climate and water supply , and
more research is needed into both the direct sensitiv ity o f

• dem and to climate and the effects of supply changes on dem and .
It is important to understand also the consequences of changing

• non-climat ic influences on demand and abstractions . The timing
and sp atia l d istribution of demand may be very d ifferent in a

• changed cl imate , and studies o f the possible increases in peak
summer dem and due to increased tourism in , for examp le , the

• South W est would help w ith long-term resource p lanning .
Reg iona l-scale studies of chang es in demand and supp ly are

•
needed in order to ascerta in the relative importance of the
many poten tial changes in the water resources o f the UK (Chen

•
and Parry (1987) summarise 'a reg ional scale study in the
western US , show ing changed rat ios o f dem and to supp ly w ith

• changes in supply ). Finally , case stud ies of the impacts of
recent clim atic effects on water dem and and management response

• (Glantz and Wig ley , 1987 ; Riebsame , 1988 ) will help
understand ing o f possible future changes and consequences .

•
It is qu ite possible that the evolut ion of water resource

• av ailab ility in the UK over the next 100 years will be
cond it io ned as much by chang es in dem and as by climat ically-

•
induced changes in supply .

•

•

•

•
•
•
•

ID

40
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6 . HYDROLO G ICA L  CONS EQUENCES OF S EA LEVEL RI S E

6 .1 M agn itu de o f the rise

Sea level rise is probab ly the most worry ing o f the
consequences of the greenhouse effect in the m ind o f •the
public . The DOE core scenario for sea level rise is that g iven
by Je lgersma et al (1987 ) wh ich in turn was taken from the work
of Rob in (1986). Rob in derived h is forecast o f 80 cm (+85 ,-60)
largely by forward projection of the trend of the recent past
although w ith some considerat ion for the components wh ich make
up th e change . These th ree components are :

Thermal expansion of the ocean
Meltwater from major ice sheets
Meltwater follow ing glacier retreat

to wh ich could be added the more speculat ive and much larger
consequ ences o f the collapse of unstable ice sheets . At g iven
localities one must also cons ider isostat ic and other local
ad justments wh ich w ill continue independently of the greenhouse
effect .

S ince the pub lication of the Scope 29 report , scientists
invest igat ing the prob lem of sea level rise , eg Warrick (1989 )
and Oerleman (1989 ) have tended to base est imates on the
summat ion of the three indiv idual components listed ab ove . In
the early stag es of greenhouse warm ing it is now thought that
increased prec ipitat ion over ice cap reg ions w ill d im inish the
cryospheric contribution to sea level rise . Also there has been
an increasing appreciation of the ro le o f therm al inertia in
slowing the rate of warm ing . The upshot o f these recent
evaluat ions is to reduce the earlier pro jections to w ith in
Rob in 's low to med ium range . A rev ised work ing estimate of 50
cm rise by the m idd le of next century may now be favoured as
more likely than the earlier estimate .

6 .2 Hy drological aspects

Sea lev el rise has many critical technical and social
consequences am ong wh ich are a number o f concern to
hyd rologists :

Impeded drainage from low lying coastal p la ins .
Flood ing in estuaries where th e jo int action
w ith fluv ial d ischarges is also impo rtant
Grou ndwater level rise on the coasta l pla in
Saline intrusion into the coastal groundwater
Urban drainag e and sewage outfalls in littora l
settlements
Pump ing and sea-wall protection to low ly ing
fenlands and sim ilar areas
Saline intrusion into estuaries affecting
freshwater intakes



Reg ime changes in lower stream courses due to
outfall s iltation and ch ange .

There has been no concerted research yet published that has
attempted to address these issues worldw ide or in the UK . Local
and regional authorit ies are aware o f the extent of sea de fence
works under the current climate and sea level regime but the
identification of future risk areas at a national scale has not
begun . The Durham Un ivers ity Quaternary Research Laboratory
have prepared maps at the scale of 1 :2.5M (Figure 6 .1) and MAFF
hav e d ig itized areas below the 5 m contou r . A m ajor sess ion at
th e 1989 R iver and Coastal Eng ineers conference will tack le an
overv iew o f som e of the top ic listed abov e .

6 .3 Technical prob lem s

G iven a particular scenario for sea level rise there still
remain d ifficult ies demand ing research be fore the hydrolog ical
consequ ences can be evaluated . The follow ing paragraphs
illustrate these for some o f the section 6 .2 list .

Urb an and land drain age on the coastal plain

Som e estuaries are o f considerable length , eg Yorksh ire Ouse
and Sev ern , and so the potential impact length and number of
in fluenced tributaries is accordingly high . The level of
econom ic and agricultural activity is frequ ent ly very great and
such terrain may contain important trunk routes . Wh ile 50 cm
may not appear to be a large figure it has to be recalled that •
many arterial dra inage scheme designs turn on level d ifferences
o f a few centimetres . In the riparian zone 20 cm can make the
d ifference betw een a water meadow and an agriculturally
product ive field . An extra hour of t idelocking can impose a
need for exp ensive extra storage or pumping in urban areas . The
g reenhouse scenario for add itional w inter rainfa ll is an
aggrav ating factor in evaluating the impact of climatic change
on land dra inage .

Pumped fenland drainage

There are some 15 ,000 km2 of land in the UK whQre free grav ity
drainage is restricted , o f which some 9,000 km requ ires
part ial or total pum p ing (Beran , 1982). Much o f th is land lies
in the East Ang lian fenland and includes some o f the most
product ive ag ricultural la nd in the country . Sea level rise
w ill affect this area in sev eral ways . The head against wh ich
pumps w ill operate w ill increase . Current design principles
adopt a duty point for pumps in the upper part o f the expected
work ing range but the add it ion of 50 cm or 1 m would certa inly
requ ire considerable adjustment for effic ient w ork ing . The
change in the runoff to the pumped area remains indeterminate
and is already comp licated by the interplay between in flow
rate , tide or river level into wh ich the pum p d ischarges , and
e lectricity tarrif or pump operation routine (Figure 6 .2).
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•

• F igu re 6 .1 General ind ication o f areas at r isk from sea
lev el rise in the U K . The map shows the m ajor coastal lowlands

• that lie below an alt itude of 5 n AO D .
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F igu re 6.2 W ater lev els and pump outp u t from a Linco ln shire
fen land catchm ent . The d iagram illustrates the complex
manag ement and design problems faced at the interface betw een
land system s and the sea which w ill be exacerbated by sea level
rise . The tida l s ignal can clearly be seen as can the tendency
for dra in level to rise through the tidal peak due to the
avoidance of pump ing where possible against a h igh head .
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41

41

41 The increased head against sea and river levees will increase
seepage considerably and hence increase saltwater incu rsion and

41 overall pump ing costs . However these are m inor considerations
when set aga inst the larger problem of ma inta in ing the

• integrity of the levee bank itself (which is o f course a so il
mechanics rather than a hydrolog ical prob lem ).

41
R iv er train ing and regim e p rob lems

41
It is important for nav igat ion , and effluent and intake design

• that rivers have a free and stable outfall to the se a . Sea
level rise w ill reduce grad ients and induce instabil ity in

• lower courses . It is not possib le to generalise about estuarial
stab ility and its upstream consequences because of the role o f

• interact ing processes such as the acretion and erosion cycle ,
wave act ion and longshore drift . Also episodic flood ev ents are

• important in determin ing river geometry so assumptions must be
made about changes in storm frequency and joint prob ab ility

• w ith fluv ial flooding . S im ilar matters have been raised in
Boorman et al (1988). Dutch work reported by Hekstra (1989 )

41 ind icates increases in t idal ra nge , and changes to currents
wave climatology in the North Sea as a resu lt o f sea level

• rise .

• Flood p ro tectio n along estu aries

• This prob lem becom es one of acu te interest to hydrolog ists
where there is a risk of flooding both from high tides and

• su rges from the seaward side and also from fluv ial flood ing
from upstream . Th is is o f very w idesp read occu rrence around

• Brit ish coasts due to our high tidal range and mature landscape
w ith assoc iated shallow-graded lower rivers cou rses . In some

• cases , notably th e Thames , Great Ouse and Yorksh ire Derw ent ,
barrages hav e been built to exclude sea water from the upper

• estuary . Clearly sea level rise w ill bring an a ltered pattern
of t ide and surge wave propogation and som e barriers may prove

• inadequ ate ult imately .

• The Tham es barrier and downstream coastal protection works were
constructed to a standard wh ich allowed for a sea level rise o f

• 76 cm per century up to the year 2030 ; the rate of rise was
computed from prev ious trend s . Upstream o f the Thames barrier

• flood protection presents a part icu larly complicated p icture
because the closure operat ion must be comp lete soon a fter th e

• preceed ing low tide in order to prov ide upstream flood storage .
In consequ ence the decis ion to close has to be based on a

• forecast o f the subsequent h igh tide and surge (Figure 6 .3).
The CEC report (reported in Warrick , 1989) w ill conta in

• simu lat ions of estuary response to h istoric surg e events such
as that of February 1953 .

•
Ev en rivers w ith barr iers may experience residua l prob lems due

• to sea level rise . Lincoln lies on the River W itham and due to
the restricted channel it is prov ided w ith extensive contro lled

• flood storage upst ream of the city . A lthough the Grand Slu ice
at Boston seals the W itham from the sea there is a clear tidal

• signal v is ible well upstream due to the storag e of floodwater
during the tide locked period . W ere the effect o f sea level rise
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Figu re 6 .3 Lev el  frequency relationsh ip for the Thames
estu ary . Line 5 show s th e return period of different lev els at
Tower Pier w ithout th e Tham es barrie r . Line 1 indicates perfect
barrier operation ,  ie  no forecast error o f North Sea surg e so a
total guarantee that the barrier w il l always close as planned .
Line 4 shows the e ffect of a practical response to surge
forecast uncerta inty w ith an element of bu ilt-in sa fety that
leads to line 4 falling below line 1 at low return periods . The
d iagram also illustrates how flood protect ion must consider the
effect o f sea level rise on extreme events , not on the mean sea
level .
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41

41

41

• to length en the tidelocked period and decrease the channel
cap aw ity through Lincoln even marg inally , say from 60 down to

• 50 m 's - s , the strong non-linearity in the storage frequency
re lat ionship would reduce the effect ive return period - eg from

• 100 years to near 60 years - of protection afforded by the
upstre am storages (Institute of Hydrology , 1982).

41 Groundw ater

41 The problem o f sa line intrusion into coastal aqu ifers is very

41 serious on the world scale - eg 1.2 m illion ha w ithin th e
Ganges Brahmaputra delta - but not h itherto o f note in the UK

• except in isolated instances . However it w ill be more th an a
theoretica l problem follow ing any sea level rise . Many coastal

41 tow ns on the south and east coast w ithdraw water from aqu ifers ,
particu larly Chalk and Crag , close to the sea level lim it and

• these w ill su ffer some restriction .

• The precise fo rm o f the interface between fresh groundwater and
the sea is very dependent on local surface and subsurface

41 cond it ions and has not been made the subject o f a genera l study
in the sea level rise context . The problem is exacerbated by

41 the near horizontal interface w ith the sea water that will
perm it a d isproportionate ingress of sea water . Theoretically a

41 wedge w ill form w ith the freshwater depressing the salt water
but an ideal form w ill not in general develop due to variations

• in perm eab ility . Mean sea level exercises a fixed cont rol on
the equ ilibrium height of the water tab le adjacent to the coast

41 and at this po int a rise may be expected to be reflected in
total . H owever the form of the phraeat ic surface inland from

• the coast w ill app ear "damped" and approach asymptotically the
pre-rise su rface .

41 1
A s well as deep we lls some lim ited use is made of shallow

41 aqu ifers on the coastal pla in for domestic and horticultural
purposes . These w ill be at risk . How ever there is almost no

• explo itation o f dune supply as in the Netherlands where
salin ization is a m ajor concern (Goemans , 1986) .

41 D efin ition o f zones at risk from flo oding

41 Any soc io-econom ic study of the consequences o f sea level rise

41 requ ires a defin ition of areas which are at risk . Th is is based
on maps , contours and spot heights . The problem of scale has

• been referred to with prelim inary studies at very large (Figure
6 .1) and very sm all scales underway . Here we consider th e

• techn ical means for the strateg ically important medium scale
(eg 1 :100 ,000) o f identification .

41
Digital terra in models , which show land surface elevat ions on a

• regular g rid , are now becom ing available . At th e Institute of
Hydro logy we work w ith a 50 m grid derived from the 1 :50000

• se ries contou r and spot height inform ation . As Figure 6 .4 shows
th is produces a believab le impression o f coasta l morphology but

• more work is necessa ry to evaluate the absolute accuracy of
interp olat ions . Problems which have been ident ified are that

• the source data consists of the coastline (nom inally mean h igh
water spr ings ), the 10 m contour and a sparse network of spot

•
71



Figu re 6 .4 The u se o f D ig ital Terrain dat a to identify risk
area s . The m ap is prepared by interpolat ing contour and sp ot
height data to a regular 50 m grid and plotting valu es w ith in
requ ired bands . The dark shad ing relates to land at risk from
h igh sea levels of 8 m , and the light shad ing indicates the
increased areas at risk from 10 m sea level . As in Figu re 6 .2
the levels o f land at risk re late not to mean sea level but to
h igh t ide + surge + run-up + (in som e circumstances ) wave
height .
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heights . The d isposition o f these latter heights exercise
considerab le influence on the resu ltant interpolated v alue and
can make the d ifference between a naive and a realistic ground
model .

Research sh ou ld be pursued to introduce loca lly defined data on
the alt itude o f th e map ped coastline , to superimpose th e
channel in formation on the sur face shape , and to invest igate
the properties of alternat ive trend surfaces .
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7 . OTHER IM PA CTS ON HYDROLOGY AND WATER MANA GEMENT

7 .1 In troduction

Chapters 5 and 6 have summarised some of the potent ia l effects
of c limate change on hydrology and water resources , but there
are many more possible areas of impact . These have generally
been less well stud ied , and it is frequent ly possib le to make
only educated guesses about sensitivities and impacts . Th is
chapter attempts to item ise these additional consequences of
climate change .

7 .2 Flu v ial flooding

The possible increases in coastal flood ing due to c limate
change have been well pub lic ised and studied , but it is
p robable that patterns of inland fluvial flood ing w ill change .
Most fluv ial flood s in the UK occur in w inter or spr ing , and
are associated w ith pro longed heavy rain fall genera t ing
saturated ground condit ions . There are exceptions to th is
general pattern , and some o f the most dam ag ing floods have
occurred follow ing heavy summer ra in falls (at Lynmouth in 1952 ,
to take but one example ).

There hav e been very few stud ies into the effect o f climate
change on flood frequ encies (although Bu ltot et al (1988 ) found
in th e ir simulation stud ies that floods became more frequ ent) .
However , there is an increasing numb er of stud ies into the
relationsh ips betw een climate and flood generation (see Arnell
(1989 ) for a reg ional study in western Eu rope , for example ),
and these stud ies may prov ide the basis for some suggest ions
about future patterns o f flood occurrence following climatic
change .

Increased w inter and sp ring rainfall is likely to lead to an
increased frequency of flood ing . Not only are heavy short-
period ra in falls likely to become more frequent (as suggested
by W ilson and M itchell , 1987) but in a genera lly wetter world
catchm ents are more likely to be saturated for longer periods .
An assessment o f possible changes in so il moisture contents
awa its improvements in the representat ion of hydrolog ical
processes at the sub-grid scale in GCMs (as d iscussed in
Sect ion 2 .5 ).

H igg s (1987 ) has related flood magnitude and frequency in each
year in the upper Severn basin to th e frequency of occurrence
o f d ifferent Lamb Weather Types , show ing that years w ith a
g reater frequ ency o f westerly air-flows tend to experience more
floods . If in form at ion on changes in weather types can be
obta ined from GCMs , it may be possib le to draw inferences abou t
future flood occurrence .

A lthough snowmelt flood s are current ly not frequ ent in the UK ,
in som e years large floods are caused by a comb inat ion o f
melt ing snow and heavy rain (in 1947 , for exam p le). As w inte rs
become warmer it can be expected that the amount of
precip itat ion falling as snow would decrease , on av erage , and
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that there would be fewer snowmelt-b ased floods . How ever ,
est im ates of the effect o f climate ch ange on snow fall are
currently very uncertain , and the links between snow fall and
snowmelt flood s are complex (depend ing on the am ount o f
associated rain fall , the rate of change in temperatu re and the
delivery of rad iant energy ).

Increased summer temperatures can be expected to increase
conv ective activ ity and hence m ight trigg er more frequ ent
thunderstorms and associated flood ing if enough moisture were
available . The generation of thunderstorms is dependent on the
interaction betw een temperature and moisture in the atmosphere ,
however , so is not easy to predict : there are no published
stud ies of possib le changes in the propensity to generate
thunderstorms . In a drier summer it is probable that so il
moisture contents w ill be lower, and that a greater am ount of
the event ra in fall would be needed to raise so il moisture
contents before a flood could develop . Finally , many o f the
largest summer flood s in recent years have been caused by
thunderstorm cells associated with intense and prolonged
depressions tracking across the UK from the west . The frequency
of occurrence o f such summer depress ions may change in a warmer
world .

7 .3 Reservo ir sa fety

Reservoir sa fety issues are receiving much attention at
present , fo llow ing the implementation of the 1978 Reservoir
Safety Act , wh ich requ ires each rese rvoir to be inspected and
its design standard ev aluated . The design standard for
reservoir sp illway design varies from the one in 150 year flood
for small reservo irs to the probable maximum flood (PMF) for
large reservoirs in h igh risk areas . The calculation of design
floods involves an estimat ion of both extreme ra infa ll
frequencies and w indspeeds (wh ich in fluence wave build-up ) .
Research is cu rrently underway at th e Inst itute of Hydrology
into improved techniques for estimat ing extreme rain falls
(Dales and Reed , 1989 ), but informat ion on joint probab ilit ies
of heavy ra in , snowmelt and wind is not available .

Climate change w ill have an influence on reservoir safety
through changes in both the occurrence of extrem e ra infalls and
maximum w ind v elocit ies. However , it is d ifficult to est imate
the consequences because , as has been rep eatedly emphasised ,
the present state of GCM modelling does not allow the
est imation w ith confidence o f chang es in short-durat ion
effects . Reservo ir design flood calculations frequently use
design ra in falls w ith durations of less than g4 hours as the
med ian reservo ired catchment is less than 5km4 . Nevertheless ,
estimates o f sensitiv ities in risk could possibly be made by
adjusting current ra in fall frequency curves according to best
scenario est imates o f change .
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7 .4 Hydropow er generation

IP
Hydroelectric power schemes provide under 3 per cen t o f th e
total electric ity generated in the UK , but their use is
primarily to meet peak power demand . Schemes are concentrated
in Scotland and upland Wales , and wh ilst most consist o f a

a ) simp le reservoir , some are pum ped storage schemes where cheap
electric ity is used to pump w ater b ack up into a re servo ir to

a )  be released at times of peak e lectricity demand . Clim ate change
can affect hydroelectric power generation both through chang es

,.) in power dem and (e .g . the poss ible sh ift of some w inter dem and
to summ er due to the subst itution o f air cond itioning for

•
a )  heat ing ) as well as through changes in the water av a ilab le for

power generation .

. Hydropow er product ion is determ ined by the volume o f water
a )  stored , the head of water and turb ine efficiency . As volumes o f

storage increase due to h igher winter ra infalls the potentia l

4? for power generation increases too , but the increase wou ld be
limited by reservo ir capacity . Changes in the volume o f

4? reservoir storage over time are related to flow var iab ility as
w ell as rese rvoir size , and changes in variab ility w ill

4? there fore affect the ab il ity to meet part icular pow er demands .
Finally , changes in flood potential in w inter may lead to

4? alterations in reservoir operating rules : for examp le , it is
conceivab le that an increased risk o f h igh w inter flows w ou ld

4? requ ire reservoirs to be maintained at lower levels during
w inter .

4? Wh ile it wou ld be relatively straightforward to determ ine th e

4? possible effects of climate change on hydropow er generat ion for
a g iv en scenario cond ition , such a study has not been done in

4? the UK . Studies in the Great Lakes Basin have exam ined th e
potential for increased power generation under a ch anged

4? climate (S ingh , 1987 ; Cohen , 1986).

4? There are at present very few "run-o f-river" hydropow er schem es
in the UK . Such schemes cannot store water , and the potential
for , and reliability o f, power generation is dependent on flow
variab ility , and hence the shape o f the flow durat ion curv e . A n

4? increase in river flows would mean that run-o f-river schemes
become more v iable ,  a l t h o u g h  an increase in variab ility g iving

4? more frequ ent low flow s wou ld w ork in the opposite d irect ion .

4?

4? 7 .5  Water for cooling

i,
Abstractions for power station cooling are a major w ithdrawal
in the UK (as ind icated in Chapter 4 ), a lthough have been

4? decreas ing as power generation has tended to be located at
coastal sites . The demand for cooling water w ill possibly alter

4? as demand for power changes , but the greatest impact of climate
change may be on the potential supply of cooling water . An

I t
increase in total runoff implies a greater availability o f
cooling water , while changes in variability may mean a

4? reduction in availability in certain times of the year . The
temperature of the cooling water is also important , and as
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river temperatu res rise in a warmer w orld (George , 1988) more
water w ill be dem anded to ach iev e the same amount of cooling .
The consequences o f climate change for power stat ion cooling
depend a lso , of course , on the deg ree to wh ich current demands
are constrained by resource availab il ity . In the Trent basin ,
for exam ple , changes in the use of water for cooling would have
sign ificant downstream resou rce consequences .

7 .6 Nav igation

Inland waterways are in many areas o f the world important
transport routes , and changes in climate could have sign ificant
economic consequences . Sanderson et al (1988), for example ,
est imated that lower levels in the G reat Lakes Basin could lead
to increases in transport costs o f som e 30 per cent . In the UK ,
how ever , only 1600 km o f the 2400 km o f nav igab le inland
waterways are used at present for fre ight (Brandon , 1987), and
flows in these waterways are heav ily contro lled . It is
there fore very difficu lt to est imate the effect of climate
chang e on nav igab ility , although it is possible that the
suggested increase in annual runoff volumes would both allow
greater traffic and pose add itional operat ional complicat ions
on waterway managers .

Recreat ional use of waterways has increased cons iderably in
recent years , and currently more than 70 waterway restoration
schem es are in hand (Brandon , 1987). This increased use w ill
impose add itional pressures on rivers and water resources
regardless of any changes in climate . It is important to note
that canals are supplied from reservoirs, many o f which are
old , and th at these reservoirs w ill be affected by changed
hydrolog ical cond itions .

Any assessment of the effect of climate change must take into
accou nt both changes in hydro log ical inputs and operational
responses .

7 .7  Water-b ased recreatio n

One recreat ional use of water was introduced in the prev ious
sect ion . Much recreat ion takes p lace around water (as described
by Tanner (1973) and Parker and Penn ing-Rowsell (1980)), but
for many uses the amount of water is not critical . Water-based
recreation is probably , there fore , re latively insensitive to
chang es in flow patterns indu ced by c limate change , although
chang es in water qu ality (Jenkins and Wh iteh ead , 1989 ) w ill
a ffect both fish ing and .bath ing .

7 .8 Urb an drainage

Urb an storm sewer dra ins are designed to cope w ith ra in fall
ev ents w ith relatively low retu rn periods , typ ically of the

7 0



. order of one in five years . An increase in the frequ ency of
such ra infalls can be expected if the hypothesised

 )
411 strengthening of the hydrological cycle occurs , and th is w ill

.)
have obvious conse quences . It is possib le that many current

IP drains will be found to su rcharge more frequently . Further
studies on possible changes in short-per iod ra infa ll w ill help

• in the quantitative assessments o f changes in risk .

•)

MP 7 .9 Morphologica l consequ ences of hydrological ch ange

41? The relationsh ips between river bas in morpho logy and hydrology
have been w ell stud ied , and geomorphology textbooks contain

 )
MP many examp les o f m orpho log ical changes fo llow ing somet im es

minor hydro log ical changes . These morphologica l changes in turn
 )
MP can have implications for water resou rces and water users .

Perhaps the most obv ious are change in river channe l form ,

40 lead ing to increased ma intenance costs , and a ltered
sed imentat ion due to ch anges in both su r face and ch annel
eros ion . The re lat ionsh ips between changes in climate and
morphological chang es which influence w ater resources are ,

40 however , complex , and there are many feedback loops . Verhoog
(1987), for example , desc rib es how changes in veget ation

• associated w ith changes in climate may alter the re su lting
changes in hydrolog ical and geomorpholog ical response . Stud ies

40 into the relationsh ips between climate , morpho logy and
hydrology hav e a long h istory , but only recent ly have models

40 been developed which can be used to pred ict th e consequences o f
change in one or more o f the inputs (Kirkby (1989), for

40 examp le)

40

40 7 .10 Research requ irements

40 The previous sect ions hav e item ised some of the possible
effects o f changes in climate on water re sources and water

i users , and it is clear that there are still a great many

i

unknowns . In part icu lar , research into the h istorical
assoc iations betw een "flood propensity" and c limate and
circulation ch aracteristics needs to be enhanced , the

40 sensit ivity of hydropower demand to water ava ilabil ity (given
hydropowers ' role in peak periods) needs to be exam ined , and

40 the contro l of river temperature on cooling potential must be
inv estigated . U nderp inning several areas of impact are stud ies

40 into the possib le changes in the occurrence o f short-period
ra in falls . Scenarios for such changes may be based on spat ial

40 analogues or through association w ith weather types .

a

a
a

Finally , it is difficult to undertake generalised
invest igat ions into many of the impacts o f climate change on
the sectors summarised above . The consequ ences of climate
change are best studied by individual analysis of parficu lar
examples .
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8 FUTURE REQUIREMENTS

8 .1 Policy issu es

Policy deals with ultimate a ims and enab ling strateg ies w ith in
which activ ities to achieve these a ims can flourish . In the
wate r field one needs to be concerned w ith scientific and w ith
pract ical activit ies . The pervasiveness and importance of
hydrolog ical and water resource stud ies may be summ ed up in the
follow ing gu iding pr inciples :

Water p lays a central role in energy part ition ing
w ith in the atmosphere and at the surface .

Water acts as an essential catalysing and
transport ing med ium in the b iosphere and geosphere
allow ing cyc ling of trace gases , nutrients and
organic mat erials w ith in and between the land , ocean
and atmosphere .

The transfer function between climate and hydrology
involves th reshold processes wh ich sometimes am plify
and aggravate water resou rce consequ ences .

Because eng ineering works transfer water resources
from periods and locations of excess to period s and
locat ions of deficit , increases in the tempora l and
spat ial variability tend to hav e strongly non-linear
consequences to the reliability of such works .

The p lanning , des ign , construction and lifetim e o f
m ajor water resource works is substantial , even by
comparison w ith climat ic chang e . Th is means that
incremental adjustment to change is seldom a v iable ;
the ability to accommodate ch ange must be thought
about and , if necessary , built in at the outset .

UK w ater design engineers in government , industry , and private
practice need to be made m ore aware of the non-stat ionarity
that ex ist s in the env ironment , and to be aware of the possible
unid irectio nal changes flow ing from global warm ing and climatic
change . Th is is largely a m atter o f education and in form ation
but needs to be nurtured by educators and pro fessional bodies .
This is qu ite a wrench from past established practice wh ich is
pred icated on the understanding that the past is ou r sure st
ind icat or o f the future .

Polic ies that perm it ready response to extreme climat ic and
hazardous events have to be set in tra in ; indeed the lessons o f
the 197 6 and 1984 droughts have le ft the UK in a re lat ively
good posit ion to deal w ith episodic events . Sustained or
regu lar ly repeated events of a sim ilar order w ill need to b e
inst itutionalized so th at , for exam ple , drought orders and
consent waivers , can be more ev en m ore re spons ively set in
p lace .



Scient ific hydrology was able to ass ist w ith those ev ents by
inform ing managers of forward projections o f resources ,
linkages between surface and subsurface resources , and cross-
basin linkages . The scient ific background to in form policy
makers on the greenhouse future is d iscussed in the follow ing
section .

8 .2 PR IO R ITY RE S EA RCH FO R DOE REQ U IREMEN T S

Research requ irem ents within each subject area have been
included in indiv idual chapters . A strategy for research is set
out in th is section which concentrates on priority top ics
w ith in DOE 's policy rem it .

Hydrolog ical and water resource stud ies can be categor ized as
follows :

i) Cau ses of change : which includes process
oriented stud ies on water in its atmospheric and land
phases and wh ich are d irected to an understand ing of
the d irection and magn itude of the g reenhouse effect .

ii) M ea su r em en t an d d etection o f ch ange : which
include analy ses of past variab ility , especially
through long time series of hydrolog ical and climate
data ; and also the maintenance o f su itable data sets
for detecting th e signal of ongoing change .

iii) Imp act  stu d ies : in wh ich scenarios for change
are used to investigate the consequences o f the
greenh ou se e ffect on water supp ly and other water
sensit ive sy stem s .

It is considered that the th ird area is the one of most concern
to DOE . A d ivision of effort o f 20 , 20 and 60 per cent between
them wou ld represent this emphasis . The lists that follow hav e
been set ou t in d im inshing prio irity order with in each sub ject
area , although all top ics are u ltimately essent ial to the
ev aluation of climate change consequ ences and should be pu rsued
in t ime .

Cau s e s of change

The tw enty per cent of DOE supported effort to be d irected
tow rd s process studies is needed to assist w ith the better
understand ing of water and energy partitioning processes w ith in
and from vegetat ion and the so il pro file .

The most pressing unknown concerns the water use of
vegetat ion in the changed env ironment , though th is is
of a scale that demand s community collaborat ion for
experimental and modelling work . DOE involvement in
any future consortium wou ld be w elcomed .

One sp ec ific area for DOE support is the MITRE
collaboration in wh ich IH is imp rov ing the



40'
description of land phase processes w ith in th e UK
Meteorolog ical O ffice GCM .

GCM validat ion at all levels is important . One where
,.)

DOE support would be app ropriate is the comparison of
GCM runo ff w ith observed runoff . A p ilot project over
Europe has sh own the technical feasibility but the
comparison needs to be made for the UK area too .

0 )
Soil moistu re processes have received very little

AI»IIP attention . In the initial stages th is could take th e

)
form of a desk study to identify possib le

•IF sensit iv ities .

. ..)
1P Ev alu ation of change

. 3
IIP It is considered that equal emphasis and fund ing be g iven to

stud ies that set the scene for the futu re and stud ies that

411) concern instrumental records (past and current ), ie ten per

i
cent of climate change expenditure on each .

underp ins all impact studies . Wh ile a task for110)
Development o f secenarios of the future climate

11
climatologists and atmospheric modellers in the early
stage , it is hydrologists wh o prov ide the necessary
high temporal and spatial reso lution and the

i information on extreme values , from the "broad brush "
data provided by the modellers . DOE funding is

i required for stud ies in th is area .

i Concern ing instrumental records it is most important

li
to maintain a runo ff record comparab le w ith the
national rain fall record . Support for flow

i  
naturalization act ivities should there fore  be  funded
and DOE is the appropriate body .

 

i The report o f the Working Group on Long Term

4/
Re ference S ites has recommended sett ing up a nat ional
network for the study of global env ironmental chang e

ii require hyd ro log ical measurements to be m ade and it
(which includes climat ic change ). Many o f these sites

4/
would be app rop riate for DOE to support an IH
involvem ent in this activity .

4) Policy response can learn from past extrem e events .

411
The lessons o f earlier droughts and floods shou ld be
assemb led and analysed .

4) Impact on water resources

4 Climate change impacts can be subdiv ided into those concerned

4/
w ith supply and those related to demand . The major emphas is by
DOE shou ld be placed on the former , eg 55 of the 60 per cent

41 those concerned w ith water availability for use , and those
allowed . Water supp ly issues can be further subdiv ided into

41
concerned w ith pub lic safety .

a
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The impact on water av ailability for pub lic supply
involves scenarios for low flow conditions and
technically div ides into storage and non-storage
cases . Management and whole-basin issues also arise
and shou ld be supported by DOE . 41

There are several hydro log ical aspects of sea level
rise wh ich lie w ith in DOE 's responsib ility includ ing
urban dra inage and su rface and subsurface water
supp ly in the coastal zone . Other areas wh ich use
IH 's cartograph ic manipulation sk ills for defin ition
o f risk zones imp inge on both DOE and MAFF areas of
re sponsib ility , and DOE support would ass ist 10
necessary development .

Groundwater resources in the UK will increase in
importance under the suggested scenario and a renewed
inventory of resources und er an altered climate is a
necessary precu rsor to planning . There may also be a
requ irement for process stud ies and local survey , eg
at coastal locat ions . 41

The principle public sa fety issue of concern to DOE
is that o f reserv oir safety . The impact on design
standards of certain scenario climates wou ld be a
useful subject for a desk study and wou ld consider
ra infall , runoff and w ind .

A desk study into the sensitivity of the demand for
water to climate is needed in order to list th e
relevant issues for the UK .

8 .3 Priorities w ith a lim ited budget ID

It is considered that a timetab le cou ld be set up so that ,
w ith in a period of five years , DOE cou ld be prov ided w ith
useful contributions in all these areas but wou ld cost a 41
m in imum of £300 ,000 per annum - more if substant ial m on itoring
and exp erimental work was supported .

W ith a budget of , say , £50 ,000 per annum , it wou ld not be
possible to carry out tasks in parallel as several o f the
m inority tasks (in terms of effort ) would fall below the
th reshold that would justify a start being made . It is
considered important to maintain an involvement in all three
areas so the suggested percentage st ill pertains ; £10 ,000 for
pred ict ion stud ies , £10 ,000 for data analyses and £30 ,000 for
impact stud ies .

Area (i) is the hardest hit financ ial lim itat ions as it is only
the init ially lower priority ta sks that are attainab le w ith in I I
th e limits . There fore GCM valid ation for the UK and a short
term desk study on so il mo isture implicat ions should be I I
favoured . It is considered that the two high priority tasks are
equ ally justifiably funded from A ir Quality Directorate funds . I I

I I
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41

40)

At the outset all area (ii) effort shou ld be concentrated in

4 0
scenario studies where procedures for extract ing basin scale
informat ion can be developed . In subsequent years the problem

4 0
of naturalization o f flow s should be ad dressed , the other
top ics as re sources perm it .

4 0  A p iecemeal approach to area (iii) is not v iab le so top ics

4 0
shou ld proceed mostly in series . Water supply impacts shou ld
occupy z20,000 o f the £30 ,000 as an ong o ing comm itm ent to th is

4 0
fundamental area of DOE interest . The rem ain ing sum wou ld be
sp lit among desk stud ies for indiv idual top ics ; groundwater

4 0
resource evaluat ion is the most important one for early
treatment .

a

0
a

a
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