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Foreword

Robust and tncly responses to nagr
environmental problems, such as the
sustmnaluhity of natural resounes,
clinwne change and pollution, are only
pemsiible of based on sound
irderdisciplonry scemee,

Revognising the importance of this
holistwe approach. the Natral
Environarnt Rescarch Council
restructured s activities during 1994 A
nagor clement of this e organisation was
A grouping of fou: NERC Instiuies into
the Contre for Evology and Hydrology
(CEH)Y. Rescarch witlun CEH is
concermed with the bind on whwh we
tive, its Fresh waters and the living
organistms which share the environnuent
with us. The componemt inditutes of
CEM ane

Institte of Freshwater Eculogy

Institute of Hydrology

Institute of Terresnal Ecology

Institute of Virology amd

Envirommental Microbiolepy

CEH has some 625 st (475 soentists)
andd abewt 30 visiting sesentists amd
stucents, wedl-cquippes] baiboratones
located theeughout the UK, amd o
seputation for excellene in national and
Imernational research, monitoring and
daty collection As such CEH mist have
ome of the strongest capabihines in thee
workd for undertakmg holistie research in
thee terrestrind and freshwater scences

The CEN capability to address
nulikdeciplmany ssues has been
strengthencd dunng the past year
following a full review of its rescarch
and a reshaping inte ten new Reseanch
Progranumes These set the course tor
research over the aest five years and
bevornd The new Progranuncs have
been formulated by the CEH Dircctorns
and sexentists working Closely with the
external assessors who constitute four
Progeamnie Review Groups In cdrawing
rogether the ew Reserch Progrommes

’

the scientists have also Ieen cognsant
of the “wealth creation™ and quality of
life™ thrust in vhe 1993 White Paper
Revihsing cuer Potenitud — a Strategy for
Scuence and Tochnolagy, the Katonal
Tochaedopy Foresight Progranmne, thee
UK Gevernment's and Furopean Union's
letiskation and policy. and g content of
the nujor international science
IFORBNINES,

The Institutes” actvativs have been
further coneented by cross-Institute
mterdhsciphnan rescarch progscs. These
form paut of the Integrating Scienwe Fund
which was established last year Sonwe
seven progects were funded during 19947
95 Al have e poed progress
Dunng the present year o husther six
have Tuen approved tsee Appendix V).

Dunng 1994 the CEH Insttunes were
recquired o preprere papers and give
evickenee 1o the Offive of Publie Screrce
ancd Serviees as part of the Efficiency
Srrvev of the Public Sector Research
Fsteabdishnunts The publishesd repon of
the Sunvey leti snresolved the toke of
neny Researcl: Counl Lastitutes within
Publie Sector aaenve In Sepiember 1995
the Gevernment announced that 42
Publn: Sector Researchs establishments
wonkd Iee subynt 1o further teview 1o
assess whethier the functions” of e
estahlishonents were necoked amd
whether the Public sector shoukd
provick: these Scope for futher
ratonalisanion wis also to be exanmed

CEH wis subgect o thus s called “Prior
Optiens” review CEN preaaded
extensive documentany evidknee and
nack 3 verbal prosentaton o the
Stevting Comnuttee undertaking te
NERC Priar Optens review CEH ook
the opporunity to highhght te mags
Dendits tha ave and will continue s
flow tes the ecologwenl and hydrologwesd
SCRTICES an 3 eesult of the stroeg
iterdiciplinany focus that is now

pemsible through CEH - The NERC
Sweering Commitiee presented its repon
to Government in late July 1996, Neither
the reconmendations of the Steering
Commuttee e the Goveroment
respone 1o these are known at the e
of wniting

1 s o the credit of all CEN stafl duat the
rescarch has rensned buovant axd the
seience outpaats have been mamtained
# high bevel during the year against this
hackpround of uncetamty and potential
change.

Dunng the course of the vear the
Instinuee of Hydrology has nuce
major contribanon m developing the
new CEH Research Programawe. Tony
Debiey. thie Acting Duectorn, took dinedt
responsibility in steenng four progrnmne
arcas. TH also put forward o nunthwer of
Toteprnmg Fund proposals. several of
which wete sievistul amd were
submegquendy: funded. The Institube lis
alwo establishod nany new hinks with
uther CEH Institutes during the course of
the year 1 wall Dee seen from this Annua)
Report. whwek: [ vommend 1o von:, thes
under Tony Debney's Pirevtorship. the
Iostitute’s scieove bas Bourishesd T wish
w0 record oy thanks to Tony, wheo retires
1 1996, for the sigiaficant coninbuton
e s nzaacde o the nonagement cuxl
soience of IH over soene 28 yeans e
will her sorely missedd Tony Dedmey s 1o
be replaced by D him Walksee whio
takes over she L Directonhip i
Nevember.

I wontkd alws hixe 1o Eike this oppotomiey
o drw your attension o tike
complenmientary Annual Reporss for 1995/
9 from the other CEH institutes and to
the CEH Overview Report

Brian Wilkinson i
Ihrector
Contre for Ecoligy and Hydrdogy
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Director's

Introduction

1995/96 seems set to be remembered as
a year of exceptional importance and
promise for this Institute. It was a year of
many changes and of new directions. Tt
saw a major reappraisal of our long-term
strategic programimes, re-shaping and
integrating them more closely with
ecology and environmental microbiology
in our new setting within the NERC
Centre for Ecology and Hydrology.

Working with colleagues from three
sister institutes and with four Programme
Review Groups, greater emphasis is
being given to multidisciplinary
collaboration in core NERC-funded
activities. Identifying priorities, re-
allocating resources and completing past
commitments takes time but will be
done by the end of 1996/97. It will result
in a larger role for this Institute in four
CEH programmes: Soil ard Soil/
Vegetation Interactions, an expanding
Urban Environment programme, within
Biodiversity and Population Processes
research and in Pollution studies. Our
CEH colleagues will work more closely
with us in four Programmes which have
been cornerstones of our past strategic
activities — Laind Use Science,
Freshwater Resorces: within
Environmental Risks aned Extreme Evenis
research and in Global Cheange studies.

This annual report presents the work of
the year rather differently than in the
past. We attempt to provide
COMMENLAry 0N SOme contenporary

issues which we expect to be central to

our role within the CEH Programme

Areas. These are:

B Below-ground competition for
water and research into processes
governing uptake of water by

competing root systems;

B The vulnerability of groundwater-
fed river systems in lowland
Britain and the expansion of cur
catchment research into

permeable areas;

B The challenge of developing
integrated waler quality models to
aid environmental management at

catchment or basin scale;

B Investigations into the role of
snow and permafrost in global
climate processes, extending our
overseas work from tropical and

arid regions to the Arctic;

®  The increasing importance of the
socio-economic dimension in our
work, especially as this relates to

water, urbanisation and health,

As before, we also give brief details of
key projects from our current portfolio
of research, with contact names should
the reader wish to receive more
information on work nearing

completion.

It seems timely to provide special
comment on the 1995/96 drought and
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we do so in the context of the

Environmental Risks programme. The
UK experienced the lowest UK
summer rainfall sequence in more than
200 years. This is set within the
warmest 12-month period (October
1994 — October 1993) in the 337-year
temperature series for central England.
IH and British Geological Survey staff
from the National River Flow and
Groundwater archives here at
Wallingford mapped the drought and

«commented on its progress through

monthly summaries intended to guide
water management policy initiatives
and increase public awareness. Details
of this service can be found on the
World Wide Web: hitp://www.
nwl.ac.uk/ih/prototype/research/
clrought__watch.html;

Drought in the UK, creating pressures
on water supply and distribution
systems, serves to highlight an issue of
growing global significance: escalating
problems of water scarcity, allocation
and use. It seems appropriate to
comment here on one special aspect of
such research — FRIEND networks.
FRIEND (Flow Regimes from
International Experimental anc
Network Data) is about sharing flow
and catchment data from research
basins and national networks and
exporting know-how between partners
to improve hydrological design to
arrive quickly at better assessments of
drought and water resources for

improved basin management.



Director's Introduction

The first FRIEND project was instigated
by IH 1n 1985 with initial collaboration
with scientists from 13 European
countrics. This has now grown to a
network of more than 50 onganisations
in 22 northern European countrics
Three more FRIEND networks have
been establishwed during the year —
Alpine and Mediterrancan, Southem
Africa and Contral/ Western Africa —
whilst 1H staff were involved in
planning a funther three. in South
America, the Himalayan Hindukush
and in South East Asia.

The metivation for FRIEND, and
indeed us success, hes i realisation
that all accessible surface water aunoff
will be committed world-wide within
the apening decades of the aext
millennium Physical and
environmental issues simply have (o be
shared internationally in order that
Tocal economic, political. social and
nstitutional factors can be integrated
within sound water pohcy. FRIEND is a
major component of the UNESCO
Internationasl Hydrological Programine
and was designated Project 11 of
HP-V 1n 1995,

1995/96 saw the Institute deeply
involved in many aspects of food
rescarch. 1995 may have finshed with
drought but it began with a second
major flood event within twa years on
the Meuse and Rhine rivers. This
corresponded with the start of a £1.5
million progransne initiated by MAFF
aimed at developing new
generalisanons of rainfall and flood
frequency estimation for the UK

For the bydrological researcher,
estimation of extremes continues o set
nch scientific challenges, pamiculady
aganst the backdrop of potential
climate change With paraflel research
into real-tine Aood forevasting, the use
of weather radar and exploitation of
our hydrological digital terrain model
in fleod madelling. the occurrence of a
rarely observed event seems set to
encourage paricipation in floods
research across the Community

Another feature of the year was the
great strengthening of our knks within
CEH and also with Europe W were
suceessful in nine new bids mio the
Agriculiure and Environment
programmes of EU Framework IV We
played a major eele i the
establishoent of 3 European natwork
of freshwater research onganisations
(BurAqua). began working with the
European Enviconment Agency. and
contributed to ALTENER and LIFE
programmes  Freshwaer sciences are
ncreasingly prominent in the
Furapean research arena and the year
saw the emergence of a special
initiative — the Furopean Task Fore
on Water. TH wall contribute to setting
prowxsities, both by workimg with the UK
water inddustry in a “mirror group” and
through the EurAcqua network

199500 was a vear of significant
vhanges in our relanonships with
public and government deparunents in
the UK The National Rvers Authonty
ceased to exist and we began working
with the new Environhwnt Agency.,
aligning clements of our core and
European research activities with issues
of strategic importance to ther mission.
Projects concerning enhanced Jow flow
estimanon and ceologically acceptable
river flows were begun and the Agency
commissioned stuches on rainfall
frequency within the framework of the
MAFF Flood Estimanon Handbook
project.

Rescarch for the Overseas
Development Adminstration, our
Targest external customer, has begun to
involve far greater emphasis on water
resources 1ssues. Water has growmg
importance in the UK overseas akd
mission. Contracts selating to water
resources and sediment problems in
the Himalaya, regional groundwater
recharge in semi-and arcas, and
improved water resources assessment

methodologivs were won in open

GGG

IH contnbutions to the NERC TIGER
and LOIS Thenatic Programimes
reached their poak during the year
LOIS has seen the collection and
collation of an unparalleled wealth of
water quabty information covering
decnlal time scales for the east coast
rivers from Berwack to the Humber,
Diffuse inputs. point sources and n-
rver processes have been studied o
evaluate the effects of different
seenarios of change across a range of
rural and urban carchments draining
into the North Sea. A modkeling
structure is now in place and has been
tested on flow and mitrate across 11
Yorkshire catchments The ability 10
scale up from these relatively small
units to the whole LOIS arca (59 200
km?) using digital hase data is one of
the important achievements of the
year. Formulation of maode
components is proceeding for other
determinands, notably carbon,
pesticides amnd sediments.

We nat only have a research role in the
fivers clement of LOTS but we are also
charged with responsibility for one of
the mam end-products of the Land
Ocean Interachon Stady: publication of
a CI-ROM containing all the rescarch
data from live separate disciplines.
Managing the LOIS Datacentre and
planning the CD-ROM is the most
ambitious data manipulation by NERC.

At its core sits the IH Water
Information System (WIS) now being
tested way beyord its original design
concepts to form a single harmonised
and integrated database. For the
operation of the data centre and the
devignees of the C1-ROM, the
challenge 15 10 overcome the problem
that cach discipline collects, processes,
stares and uses its data differentdy.

Success will mean that a user stucdying
the movement of, say. nitrate, will be
able 1o extract data for groundwater.

competition through the ODA TDR
PrOgrammes.

2 INSTUTUTF OF 3vDRS OGY ANNUAL REXOHT 1995 9%

fivers, estuarics, coastal waters and the
atmosphere without having to move
through five ditferent data systems. |




have 1o recognise that the risk of
faiture 1o dediver the CD-ROM as 2
single system is real. The problems are
not insurmountable but 100 linke
funding is yet bucoming available o
advance environmental information
technology (EIT). Promating and
puhlishing the mw material of rescarch
— the data — is far more costly than
publication of the tesults of research.

it is, nevertheless, 3 most cost-effective
step and a form of pannership able ©
transform research and teaching way
beyond the community charged with
s initiad capture. EIT research thrived
at H in 1995: 1 Nourish i needs better
support and larger mvestmens.

NERC Thematic programmess and saall
scale Special Topie reseasch can
involve parscipation of many differem
disciplines from across the whole of
academia, the user communitics and
increasingly the Rescarch Council
structure. It is clear that such
collaborative research has begun o
permeate most of our activities. In
1995/96. 100 projects (53% of the 1M
research portfolio) involved
pannerstups with researchers from
other organisations. Twenty-three
chfferent projects had co-funding ether
in pannership with NERC or through
consonia from public and private
sectors. Long gone are the days of 2
hack-room boffin. propect management
and business administration skills are
essential tools for the modern research
hydrologist.

We are also seeing a significant
increase in formal training. Currerdly,
there are five in-house post-graduate
Placements, 25 CASE studeniships, two
MSc placements and cigit core 1H staff
registered for higher degress, We
continue also 1o encourage under-
graduate Sandwich Course placements
and ten students have spent the year
workmg with us

Over and above the many internal
changes and external reorganisations
that took place this vear, there was

Rreat CRCourIGEMENL 10 PIEPare mew
avenues of research and to sock
funding via the many competitive
initiatives that emenged following the
1993 White Paper Realising our
potential and through the national
Technoulogy Foresight Progranmume.

For 1B, with over 60% of work from
user-funded conteacts, i€ was a petiod
of unprecedented activity beyond the
main function of rescarch debivesy. The
year was particularly complicated. with
somke 76 projeas involving overseas
work and | wish to record my
appreciation of the long hours spent
by many stff n meeting the
obligations | placed upon them,
Nevertheless, they maintained our
prinke sesearch output through 146
refereed papers and conference
proceedings; 127 sesearch reports were
delivered 1o users, TH staff authored
three books, edited a further eigha,
contsibuted 19 chapters in other books
and delivered over 70 lectures/
SEMINArS 10 universitics.

Again | must record my thanks o all
staff for their high level of pedormance
against a hackground of escalating
change and of increased expectations
on them. Performance, dedication and
quality of work do not seem o have
been tee badly affecied by the Prior
Options review and the continuing
uncertainty over its outcome. Indeed:
postponement of any rebuilding at the
NERC Wallingford site, pending Prior
Opuions recommendations. has had a
greater impact on morsle,
Accommadation pressures continue to
be: a constraint on the efficiency of this
Institute,

In souching on staff matters, it is with
deep sadness that | have to record the
untimely death of Mrs T K Jones who
worked in catchment and floods
research. The way in which Tanya
organised her work and ber life with
hushand and two young children as
she battled agmnst cancer was
inspirational

Director's Introduction

Finally, 1 must record that Dr Jim
Wallace replaces me as Director on my
retirement in November 1996, He has
led process research at TH over the
past three years and is a physicist with
exceptional dedication and
determination 0 the delivery of
excellence in hydrological research.
The Institute will be in good hands
under his keadership and 1 wish him
and all staff great success and forune
as the emerging changes consolidate
and the future of TH becomes cenam.

Tony Debney, Director
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SOIL AND SOIL-VEGETATION INTERACTIONS

4

Success in
implementing
agroforestry will
only be improved if
the processes
controlling the
partitioning of
resources are

understood

Pressures on resources to provide for the needs of

expanding populations means looking bard at

alternative land-use systems. Agroforestry is often

promoted as an attractive way of meeting rising

demands for food and fuel without causing degradation

of resources and losses in productivity.

Agroforestry: plants
working together

To be successful, both trees and crops
in agroforestry systems ideally need to
use water, light and nutrients at separate
times or from separate sources. Without
such spatial or temporal complement-
arity, competition for resources may
limit the productivity of either trees or
crops, or both. This could reduce the
acceptance of the system by local land
users and enhance the risk of

environmental degradation.

Studies have been established with
ICRAF (International Centre for
Research in Agroforestry) to investigate
above- and below-ground interactions

between Grevillea robusta and crops in

Mixed cropping af the

Machakos field station, Kenye
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an agroforestry system at the Machakos

field station in Kenya (see below).

Water balance and above-
ground interactions

A central question is: does

intercropping woody and non-woody

plants increase total harvestable
produce by making more effective use
of rainfall? There are a number of ways
in which agroforestry systems could use
water more efficiently than
monocultures but a clear picture of how
this actually happens can only be
obtained through a comprehensive

water balance study. Considerable

progress has been made in quantifying
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the individual components of the water
balance. From this work we hope to
develop a model for agroforestry
systems on sloping land which can form
an integral part of a growth and yield
model. In particular, to evaluate the
mechanisms by which agroforestry
systems on sloping land can make
better use of rainfall and hence increase

yield.

Soil moisture measurements show that
single crops do not use all the available
soil moisture and that more water is
used by trees grown alone, but that the
greatest water use is by a combined
tree/crop mixture. Surface soil water
content measurements made using the
Time Domain Reflectrometry (TDR)
technique revealed dynamic changes in
water content in the upper layers of
soil. The spatial arrangement of these
within the tree plots show great
variability in the wetting and drying at
different locations, primarily influenced
by proximity to the trees. Rainfall inputs
at the soil surface are reduced by the
presence of the tree canopy but this is
compensated to some éxtent by
stemflow which preferentially wets the
soil area immediately next to the tree
trunks. Subsequent re-evaporation of
surface soil water is different near to

and far from the tree trunks.

Before agroforestry systems can claim to
increase the productive use of rainfall
they have to compensate for the loss of
rainfall by interception and evaporation
from the tree canopy. In our studies in
Kenya we find that where trees give
~50% ground cover the interception loss
is between 11 and 14% of rainfall.
However, although a tree canopy may
suppress crop interception loss, it seems
likely that the net effect will be a
significant increase in total interception
loss which needs to be offset by savings
in other parts of the water balance if
agroforestry systems are to make better

use of rainfall.

One such possibility is in soil

evaporation. The data collected in the
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current study show a clear reduction in
evaporation rates under the tree canopy
compared (o concurrent rates in bare,
exposed soil. This reduction only
applies for the first day or so after rain:
over longer periods, where evaporation
is controlled by the hydraulic properties
of the surface soil, the cumulative loss
rates from exposed and shaded areas
tend to converge. Thus, the net effect of
canopy shade on soil evaporation
during a wet season depends on the
frequency and amount of rainfall. A
simple simulation model shows that
there is a saving in water equivalent to

about 5% of rainfall,

A further important environmental
constraint on agroforestry in semi-arid
regions is below-ground competition for
water. Few detailed studies have yet
been made of the processes governing
uptake of water by competing root
systems in agroforestry. The first
objective in our root studies is to define
the spatial distribution and seasonal
dynamics of rools in the experimental
G. robusta-crop system. A traditional
coring method was used to obtain
samples of soil in discrete layers from
which tree and crop roots were
carefully separated and reot length
densities were estimated using a
computerised scanning device. Root
length densities derived in this way
from coring at the time of anthesis in
the maize during the short rains of 1995
are shown below. Root lengths of both
maize and G. robusta declined

approximately exponentially with soil

— Cropsonly  — Trees and crops  — Trees only

::; 40-80 cm
z 09p layer -150
= -
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2 07} =
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0.5+ T
s Sz, B
£ 04} 10
@ | ‘ [
w ] L1 ETO 3 RE7 1| 1 p g Mg

Oct 1,94 Nov 12, 94 Dec 24, 94 Feb 4, 95

Changes in soil profile water storage for three treatments over three rainy seasons
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SOIL AND SOIL-VEGETATION INTERACTIONS
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Comparison of daily rainfall, potential and measured evaporation at the base of a iree in a

crop-plus-tree experimental plot

depth. There was little variation in
root lengths of the trees with distance
from the trunk, in either the crop-
plus-tree or tree-only plots,
suggesting that the trees were
exploiting uniformly all available
space in the plots. Root lengths of
maize were highest close to the crop
row and expansion of root length
appears to have been suppressed by
the trees in the crop-plus-tree
treatment, probably caused by water
uptake by the twees making the soil

much drier.

Seasonal dynamics
The seasonal dynamics of root

growth are being investigated by

Root length density (cm ecm® )

3.0

00 10 20 30 00 10 20 30 00 10 20
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Root length densities for maize and Grevillea robusta frees
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supplementing information from coring
by viewing the appearance and
disappearance of roots directly in the soil
with a minirhizotron set up and
developed at IH (see opposite page).
This enables changes in root lengths to
be assessed over shorter time periods

than is possible by soil coring.

Further studies will investigate root
functioning and its relationship with
position in the soil, The information will
be incorporated into models of water
uptake from soil occupied by roots of
more than one species. The root uptake
model will be a key component in a

combined growth and water use model:

® (o act as a framework in which to
place existing information on tree/
crop interactions and to identify key

areas of uncertainty;

® (o serve as 4 decision-making tool for

evalualing new agroforestry options;

e (o assess the impact of climatic shifts
and other land management impacts

on particular agroforestry systems.

17 Apr



SOIL AND SOIL-VEGETATION INTERACTIONS

(a) Measuring soil water potentials of |995I96 highlights
i less than ~1 bar. TH is
inflatable collaborating with Imperial College,

rubber

sl London, to develop the field use of

a novel tensiometer invented by Dr
A Ridley of the Department of Civil
Engineering. Until now, the device
has been mainly used in
laboratory-based soil mechanics
applications. If it can be adapted to
hydrological studies, it could

revolutionise investigations in

aluminium situations where the soil dries

frame .
beyond the range of conventional

centring .

guide tensiometers.

Conlact: David Cooper

(b)

Soil water extraction by trees

endoscope .| 3 - 5 i
Studlies at Hosakote in India have

now proved beyond doubt that
Eucalyptus trees have the ability to

= el

soil surface J

extend their roots down at least

Ik
I

viewing 2.5 m per year to obtain water and
window .
nutrients.

i
(
)
{
;
L /
] /\\_1
7

“Bz2om
illuminated area

n fl
i

centring tube

bedrock

Diagram of a minirbizotron, a device that

allows in situ observation of roots in soil

Eucalyptus plot, Hosakote, where neutron

probe dccess tubes were installed before

the saplings were planted

This has important water resource
implications where these trees are
planted, and highlights the
importance of ensuring that soil
moisture measurements extend
beyond the rocting depth of the
vegetation type being studied.
Contact: Ian Calder
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FRESHWATER RESOURCES

A water resources
action plan is being
developed to mitigate
the degradation of
European catchments
caused by the over-
exploitation of
groundwater
resources

The vulnerability of groundwater-fed river systems in
lowland Britain to reduced recharge was highlighted
during the 1988-92 drought. The sustainable bydro-
ecological management of these syst‘ems requires more
equitable solutions to resolve conflicts between land use,
water resources developpment and protection of the river

ecology.

Strategic research in
lowland permeable
catchments

There s o growing awareness
throughout Europee of the damaging
cconome s ecological consequences
resulting from the over explowation of
witer resources i groundwater fod
cachments, such as falling water
tables, dnedeup overs amd degraded
weilinds The astinable management
of these systers will reguice 2 more
wteprned apprasch at the catchment
seale to eesowe particular bydrological,
ecodogical and MCIn-CConOmIc 1ssues,
A crucial past of the work of 1H s to
develop strategic hvdrological rescach
16> ackdress these problems. In the UK,
the Chalk aqguifer and ity drainage
system is of particular concern, sinee
thes is an important source of pubhe
water supply but susceptible to
polintion and grovmdwiter over-
AINIERICHON i) S OWICrOp area

1996 10 develop a decsion-maxing
famework for water resources
MANAeIEnt Paniog 1o combe the
adverse offevts of over exploitatior.
This proect, Groundwater and nver
Resourees Action Progranmime on 2
European Scale (GRAPESY, wili focus
on the River Pang. a Chalk catchment
:n the West Berkshire Downs, as one
of three case study catchments in
Furape Key work packages include
databsse collation and analyss of
hydrakagical data, hydroiogeal
modelling. catchment nzmagement
planning and a guidiance manual for
water resources planrers thzougheout
Europe.

The Pang catchnsent s also being used
as a pilot study area for a study
comenssiuned by the European

space Agency mto the satatnliy of

A threv vear EU funded project led by
IH 1 collaborat:on with six other
European partners began as March
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Jow resolution (150m-Tkm) sice
aperture radar producis (which may
hecome available from future




European satellites such as ENVISAT)
for soil moisture determinations
support catchment-scale hydrological

models.

Processes governing recharge to the
Chalk and Permo-Triassic aquifers are
still uncertain, which has

implications for resources
mandgement. However, a new soil
meisture model being developed by
IH, the Four Root Lavers Model (FRLM)
has been shown to match field
measurements of soil moisture deficits
more closely than other models in
current use. It uses daily time-steps
and calculates potential evaporation
(PE) from MORECS data or from the
Penman-Monteith equation. Already
this model has been used to prepare a
series of nomographs that allow annual
recharge to be readily estimated from
values of annual rainfall and MORECS
annual PE, taking into account the
main land covers of the Permo-Trias
and by-pass flow in the unsaturated

zone of the Chalk.

The establishment of a lowland
permeable catchment research facility
to address strategic issues has been

identified as a high priority within the

Rooting Depth
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FRESHWATER RESOURCES

Restoration of the River Pang. a previously over-exploited groundwater-fed catchment

Core Strategic Programme of CEH. The
work being undertaken in the Pang
catchment could provide a suitable
foundation for future programmes of
integrated, multi-disciplinary research
to investigate the processes governing
recharge, contaminant transport, and
the complex interaction between
groundwater-surface water systems and
stream ecology in Chalk catchments.

Steps are now being taken to establish
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The Four Rool Layers Mocel (FRLM)

such a facility and to highlight strategic
research issues that would be of

particular benefit to the Environment

Agency, water utilitites and

conservation groups. Examples include
the response of the Challe system to
the extremes of droughts and floods;
the impact of climate and land use
change and the development of
integrated ecological, water quality and

physical habitat models of Chalk rivers.
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1995/96 highlights
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Catchment Characlers

Lebanese Hydrometry (for Litani

River Authority and British
Partnership Scheme). Advice on
rehabilitating river flow menitoring
and data processing facilities for
the Lebanon, plus provision of
computer database software and
assistance with publication of a
national hydrological databook.
Contact: Kevin Sere

Combining hydraulic design and

environmental impact
assessment for flood defence
schemes for MAFF involved the
integration of the physical habitat
model PHABSIM with standard
hydraulic design models including
ISIS, HEC-RAS and Mike-11. The
PHABSIM software has also been
enhanced and further objective
techniques developed for the
Environment Agency to select
representative PHABSIM study

reaches.

Contact: Creig Elliott

Ave

erage anmual tainfall = 1508 mo

Catchment average rainfall derived with the HydrA softwere
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A flow gauging station near Beirul

Naturalised river flow records. The

development of a consistent
automated method has been
developed for the Environment
Agency's Anglian Region, initially
for assessment of the yield of the
Ely Quse tansfer scheme.

Contact: Andy Young

European atlas of small-scale

hydropower (for EU Altener
Programme). HydrA, the software
implementation of the atlas, has
been completed, providing a tool
to estimate low flows and
hydropower potential at any site in
Spain and the UK.

Contact: Guwyn Rees



Stochastic flow generation for
royalty assessment of the
Lesotho Highlands Water
Project (for Lesotho Highlands
Development Authority). Long-term
reservoir inflow series for this
scheme were derived upon which
to fix the royalty pavments for
water transfers by the Republic of
South Africa to Lesotho. An
innovative model was developed
which was capable of making best
use of scarce and incomplete
rainfall and flow records.

Contact: Frank Fargubarson

Estimation of renewable water
resources in the EU (for
Eurostat). Derivation of a well-
defined estimation method for
water resources that can be
compared with abstraction data to
get stress indicators reflecting
seasonal problems as well as
regional differences.

Conlect: Guyn Rees

Modernisation of hydro-
meteorological observations in
Rajasthan, India (for Rajasthan
Irrigation Department, funded by
World Bank), Design of improved
hydrological and meteorclogical
data collection systems for the
342,000 km? State of Rajasthan.
New river gauging stations,
autographic and daily raingauges,
and meteorological stations were
recommended, along with
improved equipment, operational
and maintenance procedures, data
processing and storage and
substantial staff training. The
project also included real-time data
collection systems and the
preliminary design of flood
forecasting systems for two basins.

Contact: Jeremy Meigh

Groundwater management in
drought-prone areas of Africa.
A joint BGS/IH project to
understand hvdrogeological/
hydrological and socio-economic
aspects of groundwater drought
and translate this into guidelines
for short- and long-term strategies
for groundwater management in
drought-prone areas, using Malawi
and Ghana as case studies.

Contact: Tony Andrews

Artificial flood releases from
Mutonga and Grand Falls dams,
Kenya (for Nippon Koei Lid,
Japan, through the Natural
Resources Institute). The Tana
River, the largest in Kenya, already
has five hydropower dams, and
feasibility studies were undertaken
for two more. TH looked &t the
feasibility of making artificial flood
releases from these new dams to
maintain downstream flood spate
agriculture,

Contact: Frank Farguharson

Inspecting flow gauging equipment in

Rajasthan

FRESHWATER RESOURCES

Jersey catchment study. A model to

predict the hydrological response
of this catchment has been
calibrated and tested using three
vears of observed streamflow and
soil moisture data. Existing rainfall
and Penman evaporation figures
are now being used to predict 25-
year sequences of soil moisture
deficits, groundwater recharge and
streamflow to assess the long-term
effects of varying intensities of
groundwater abstraction.

Contact: Matthew McCartney

Review of hydrological monitoring

in Palestine (for ODA). In
conjunction with BGS, the status of
both surface and groundwater
monitoring systems in the West
Bank and Gaza Strip was assessed,
and recommendations made for
planning the future system to be
operated by the newly-established
Palestinian Water Authority.
Contact: Jereiny Meigh
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POLLUTION ASSESSMENT & CONTROL

iz

Uplands

Historically, understanding the processes affecting

water quality bas advanced as the result of

investigations into particular problems or issues. Such

detailed studies, focused on a small geographical region

or chemical determinand, ave likely to continue both as

a practical means of solving problems and as a way of

developing a beiter understanding of the processes

controlling the quality of watey in soils and rivers.

Water quality and
environmenial
managemernt

Studies in environmental hydrology
may conveniently be divided into
three categories that reflect the
physical scale and setting, the issue or
problem, and the investigative
approach or model frameworle. These
are the uplands, the lowlands and the

rivers themselves,

Lowlands

Water pollution: issues and physical settings

INSTITUTE OF HYDROLOGY ANNUAL REPORT 1995-96

Upland studies focus on small
headwater catchments and the current
relevant issues are acidification from
the deposition of oxides of nitrogen
and sulphur, and the effects of changes
in land use, especially forestry. Tt is
generally appropriate 1o use lumped or

semi-distributed models.

The scale of interest in the lowlands
broadens to encompass both field-
based and large catchment studies.
Agriculture becomes the dominant land
use and most water quality issues
relate to land use (e.g. arable, pasture
and forestry) or land management (e.g.
the use of agrochemicals). As the scale
of the study increases so does the need

for a partially of fully distributed

approach to modelling that recognises

the heterogeneity of the catchment.

Within rivers, especially larger rivers,
point sources — industrial and sewage
treatment works discharges and
abstractions for water supply —

assume grealest importance, and




oxygen and nutrient dynamics are the
prime concern. Model complexity can
vary to suit data availability and the

purpose of the study.

Some issues transcend this simple
categorisation and apply to all three
physical settings, a notable example

being climate change.

All hydrochemical studies rely on good
quality dam to describe the water
quality and to enable investigation into
the causes of problems and an
assessment of remedial measures.
While many geographical data sets
now exist at a national scale, and are
available for access and display within
geographical information systems, time
series data describing hydrochemical
properties of catchments are spatially
scarce and temporally coarse. As a
consequence, collecting and collating
such data is a significant component of

many environmental hydrology studies.

The UK Acid Waters Monitoring
Network (AWMN) was established to
monitor acidification in upland aréas
and to quantify long-term changes. A
comprehensive five-year review was
recently completed, and this
anniversary has been marked by a
special issue of Freshwater Biology.
The hydrochemical data reveal trends
in increasing sulphate concentrations
in south-west Scotland and north Wales
despite constant sulphur deposition in
these areds. The data also reveal the
importance of nitrogen in surface
water acidification and strengthens the
cases for the implementation of

controls on future nitrogen emissions.

As well as being used to describe the
hydrochemistry of the monitored sites,
the data have been used within the
lumped hydrochemical model MAGIC
(Model of the Acidification of
Groundwater In Catchments) to
simulate changes over time. This
model which currently represents
sulphaie processes is being developed

to include nitrogen dynamics and again

POLLUTION ASSESSMENT & CONTROL

the AWMN data provide an
underpinning resource for this

development.

Studying the impacts of conifer
harvesting and replanting on stream
water quality with a view to identifying
best practice management strategies
has centred on the Institute’s
experimental catchments at Plynlimon
and builds on background
hydrochemical studies undertaken for
the past decade. Changes in water
chemistry associated with clear-felling
of parts of the Hafren forest during the
mid to late 1980s are now complete,
with rises in nutrient concentrations
and declines in pH; alkalinity and base
cation levels have now returned to

background levels,

Within the lowland environment, a
field-scale project on the movement of
solutes in soils showed that the
pathway followed by infiltrating water
wus crucial in determining the
concentrations and amounts of

herbicide leaving the study site.

Bridging the upland-lowland division
of catchment hydrochemistry has been
the development of a hydrochemical
model to represent nitrate delivery into
river systems at the catchment scale.
While earlier work led to the
development of a distributed nitrate
catchment model, for widespread
application as part of the NERC Land
Ocean Interaction Study (LOIS) to all
catchments between the Tweed and
Humber estuaries (an area of over

42000 km?*) it was decided 1o adopt a

4.25[F

L 1 1 | i
1.6.83 1.1.85 1.1.87 1.1.89 1.1.91 1.1.83 1.1.85

The effect of clear-felling on nitrate concentrations: a comparison between the upper Afon

Hore (control, blue) and the lower Afon Hore (site harvested 1985-88, green)
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simpler lumped approach. This is
hased on hydrological response units
automatically defined from a digital
tereain model. in which flow fouting is
performed on a 50 m grid and mitrogen
leaching estimated from soil type and
land use

An exhaustive collation of n-stream
water quality data for the River Tweed
has been prepared. again as pan of the
LOIS programme. Within the Tweed.
diffuse pollutants are nitrate. from
agewulure, and iron. derived from the
unkerlying geology. while copper has
ndustrial point sources, and zine and
phumphorus come from both
agncultural and point sources,

The n-stream water quality nxxlel
QUASAR (QUANItY Simulation Along
Rivers) developed at 1H and
considerably enhanced within LOIS,
provides a means of assessimg such
data within the framework of a
provess-based mode). QUASAR
incorporates the degree of process
representation and spatal scale that is
consistent with avalable data and with
management requirements. 1t has heen
applied 1o the Yorkshire Quse river
system over a total nver kength of
almast 200 km which s represented by
62 model reaches with 39 ibutaries,
19 discharges and five abstrictions
The wmporal resolution of data
describing the inputs to the rivers vary
greatly. from 15 minutes for flow data
1o no data a all for some of the
ndustrial discharges. This uncertainty
surrounding the quantification the
mputs predicates the use of a water
quality model of this type which, for *
example, treats diffuse input at the
river bank as a point source at the
reach end. Simulations of existing
condimons show that QUASAR can
reproduce the charactenstic of the
water chemistry both as tme senies and
chstribanions.

Underpnning all studics of water
quality is an understanding and, where
necessary, representation. of the
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movement of water in both soils and
river channels. 1t is the flow of water
from its araval as precipitation at the
soil or vegetation surface 10 118 exit at
she catchment outlet that transporns
pollutants. and indeed the presence or
absence of water in the soil, of the
volumie and velocity of low in a
chanowel. can nfluence chemical
processes.

The use of maodels 18 justified on the
basis of providing an integrated
framework within which the data can
be assembled, compared. validated and
used to investigate hydrological and
hydrochemical processes. However,
the benefits of modelling are much
widef sitce madels nay also be used
o interpolate and exteapolate. in both
space and e and. oxst importantly.
1O exXplore sCenarios represciting
possible futiee conditions. Recent
examples using QUASAR include
assessinents of sirtegwes for reducion
N POWEr SO CMISSIONS, reanient
options for acid mine-water discharges,
effects of chimate change, and effects
of kind use change.

While such studies have provided an
vlfective problem solving approach (e
enviconmental management, there s a
growing recognition that a proactive
holistic approach is required and that
new tools are nevded which move
beyvornd existing moded structures. This
is now possible since expertoe in, and
understanding of, modelling the
vanous components of the whole
catchment system has reached a stage
at which confidence in Ixith the
process fepresentation and model
results is sulficient to allow integrtion
of hatherto disparate clements

Furthernxwe, as such stand-akone
mexdels develop in sophustication i
becomes necessary for the model to
inchade more inputs and processes and
hence the domains of the models

begin to overlap. In additon, data
collection systens and data
management facilitics are improving so




Laboratory experiment to simulate

isoproturon leaching through an

unsaturated chelk column

that they can provide all of the data
needed for such an integrated
approach.

The development of a fully integrated
catchment water quality model is still
many years away, but the initial steps
have already been taken as part of the
LOIS programme and centred on
QUASAR. Three examples illustrate
how this integration will allow a far
greater range of scenarios to be

explored:

® (Climate change is likely to effect
changes in the quality and quantity
of catchment runoff, which will
change the flow regime in rivers
and hence the physical and
chemical processes in the river
system. The result may well be a
change in the trophic state of the
river which will impact aquatie

biology.

POLLUTION ASSESSMENT & CONTROL

¢ Changes in legislation will prevent
discharges of waste from sewage
treatment works [0 coastal waters
leaving operators with the options
of incineration or disposal on
land. Land disposal may lead to
increased pollution of rivers and it
is essential that only the most

suitable sites should be used.

e Algal blooms in lowland rivers
during the summer months are
attributed to the combination of
low flows and increased nutrient
concentrations. The stripping of
phosphate at sewage treatment
works is one method of
approaching the problem, but may
have little effect because of
continued, and increasing leaching
of phosphate from agricultural
land, and the release of phosphates

stored on river sediments.

in these, and many other situations,
the effects can be investigated using a
integrated catchment water quality
model. The scientific challenge of
providing a realistic, robust and useful
model] to aid environmental manage-
ment represents the principal focus of

research for the coming years.

1995/96 highlights

Herbicide degradation in aquifers

A recent study of pesticides in the
saturated and unsaturated zones of
aquifers has provided
quantification of the rates of
degradation. A unexpected
outcome was the discovery of a
previous unknown bacteria
population in groundwater that had
the capacity to degrade the
herbicide isoproturon at a very
rapid rate.

Richard Williams

QOestrogenic substances in rivers

Experiments have been carried out
to assess the rate of biodegradation
of oestrogenic substances in rivers.
Initial results from water samples
taken from the Thames using 4,t-
octyl phenol have shown
degradation rates with half-lives of
around 20 days.

Anclrew Johnson

Bath hot springs — Analysis and

interpretation of flow and
temperature data (for NRA, South
West Region). The potential effects
of mine dewatering on temperature
and flows of Bath hot springs were
assessed and the need for
additional monitoring identified.
Dick Bradford
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Considerable skill is
necessary to
distinguish between
climate-induced
drought and water
resources stress
arising largely from

‘shortcomings in

water management

Droughbt in the United Kingdom does not pose the threat
to lives and liveliboods that accompanies exceptional
rainfall deficiencies in many parts of the world.
Nonetheless, the impact of very unusual weather
conditions over the last decade bas provided a clear
demonstration of our continuing vulnerability to
bydrological extremes.

The 1995/96 drougbt

The seemingly endemic drougtn
conditions which have althicted many
parts of the country over the last cight
years have atentod substantal public,
scientific and polacal interest They have
alser riised important guestions reganding
thwe resilience of existing water
nanagement procedures and refocussed
attention on many of te reues at the
heant of bvdrologeal research — and it
prwticil appleaten inthe UK

The hydrologicol monitoring
progroamme

In response to doevelopmg drought
condiions through the wanter of
1O8R/8Y, the Institute and the British
Geologeal Survey oty witeated a
hivdrokogtical Momnitonng, programnee on
behalf of the Depanment of the
Emvuonmen. The underlyimg obpectives
are o guide water nunagenent policy
inatiatives and to increase scientitic and
pablic awsireness of the ssues involved.
A wick: range of reference and spatial
informaten hekl on dwe Natiossal River
Flow Arcinve tmamntaned by IH) and
e NaatiGiial Geodndwiiter Lével “Archive
(maintained by the Britsh Geologkeal
Survey) provide the histoneal
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purspective within which the seventy of
contemporary drought episodes can e
]

The current drought

Following the very protracted drewyght
concditions of 1968-92. a dmae
revovery in aver flows and groundwater
leveds resultcd i twe focus of hydse
legtical concemn shifiing emphatcally w
the risk of fooding over e winters of
1992473, 199394 and 199495 On a
ratienivide brasis the kiter was e
wettest on revord for the UK and with
FeseTvoIrs at capacity asd groundwater
levels close 10 seasonal maxma m
almst all aeguors, the UK appeaned very
well placedt to withstand any spang and
sununer minfall deficency. However, the
frequiency of Atlantic depressions
checlinnen] raprdly dunng March and a
nenthward extenson of the Azores high
peessure el begin o deflect most cin
bearmg fromtal systems 2o the north -
andl brng sublropicul sur-nsses acrons
thee Bratesh Iskes. This prersistent synoplie
pattern sesulied m renarkably Tt and
dry“condinons throughe st of the Tate
spingt aned suznmer, the andity of
England and Wakes s uinderhined by the




April-August 19935 rainfall total — the
lowest for any five-month sequence in

more than 200 years.

River flows and groundwater levels
generally remained well within the
normal range through the spring of 1995
but, by May, unprecedented demands —
commonly associated with garden
watering — began to reveal weaknesses
in the water distribution networks. As
exceptional demands continued through
the summer, reservoir stocks continued
to decline steeply and a mostly localised
inability to ship sufficient water from
treatment works to tap was succeeded
by a more general threat to-water
resources. Sprinkler and hosepipe bans
spread rapidly across most of England
and by August restrictions alfected

almost 20 million people.

A very wet interlude in September
arrested the drought's progress but a dry
and warm October — concluding the
warmest 12-month sequence in the 337-
year central England temperature series
— heralded a second phase in the
drought's development. Particularly
severe drought conditions developed in
the southern Pennines and tankering of
water was required to maintain supplies
in parts of West Yorkshire, Reservoirs
failed to fill over the 1995/96 winter in
many regions and, with evaporation
rates accelerating through the spring,
stocks were generally in decline by early
May. Following a wet February the
drought reintensified and by late summer
large rainfall deficiencies extended across
much of Britain, For England and Wales
as a whole, the April 1995-July 1996
rainfall total was around 25% below
average; the only drier 16-month
sequences in the 230-year national
rainfall series occurred during the
droughts of 1975/76 and 1884/85 (the
1933/34 drought achieved a similar
intensity). Entering the autumn many,
mostly eastern, rivers had registerec
below average monthly flows for well
over a year and the sustained decline in
baseflows resulted in the extreme 1976

minima being eclipsed in some eastern

Stocks Reservoir, norvth-west England, autumn 1995

Chalk rivers. Lower temperatures and
relatively moderate water demand —
compared with 1995 — helped conserve
reservoir stocks through the summer of
1996 but with groundwater levels much
lower than a year before — and
establishing new minimum levels in parts
of north Wales and northern England —
the water resources outlook remained
fragile over wide areas entering the
autumn of 1996.

The recent past

Notwithstanding the recent notable
drought episodes, rainfall over Britain
for the 1990s thus far is very close to
the long term average. The severe stress
on our water resources and river
systems is attributable to the very
atypical spatial and temporal
distribution of the rainfall —
exacerbated by the very high
evaporation losses resulting from the
exceptionally mild conditions. Taken
together, the last 25 years have seen an
accentuation in the north-west/south-
east rainfall gradient across the British
Isles and a tendency towards a more
distinct partitioning of rainfall between
the winter and summer half years,
Importantly, the recent past has seen a
cluster of hot, dry spring/summers (see
figure below) for which there is no
close modern parallel. This clustering
raises the possibility that the level of
risk adopted by the water industry —
though vindicated during the droughts
of 1976 and 1984 — may no longer be
appropriate. This possibility is given
added credibility by the broad, but
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incomplete, agreement between recent
conditions and a number of favoured

climate change scenarios.

The necessarily tentative nature of
climate change scenarios at the national
and regional scales, and the inherent
variability of the UK climate, imply that
any short term perturbation in our
weather patterns needs to be treated
with caution. However, recent
hydrological conditions in the UK are
undoubtedly close to the extreme range
of historical variability, This, allied to the
unprecedented water demands in recent
summers, the heightened concern for the
aquatic environment and, perhaps, a
changing atitude to voluntary restraints
on water use in the privatised world,
means that the water industry faces very

considerable challenges as we approach

the 21st century. Fortunately, careful
documentation and analysis of current
hydrological conditions anid their impact
on both water resources and the aquatic
environment are providing valuable
insights into the type of problems lileely
to be encountered in a warmer world;
these insights will help shape the
development of more effective water
management strategies should hitherto
rare weather conditions become rather

more familiar in the future.

Hydrological Sumumaries. Copies are
available through the National Water
Archive Office, Institute of
Hydrology. The text of the reports
can be found on the World Wide
Web: http://www.nwlac.ul/
~nrfadata/front_nw.himl
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Flood-producing rainfalls (for Eavironmental monitoring in the '995’96 hlgl‘llights
MAFF). Rainfall events associated Aral Sea basin (for the UK Know
with secent damaging UK floods How Fund). Assistance to the vy
were investigated., with the aid of countrics of Central Asia in the Aral
weather radar images. and the Sca basin | Kazakhwan,
rinfall characteristics compared Rrygyzstan. Tajikistan. Turkmenistan
with the design vatues currenily and Uzbekistan — in restonng
used inthe Flood Studies Repont computer facilities for processing
rainfall-runoff method of Aood hydrometre: data Provision of
eMIMAton traumng courses in cach country and

Contact. Prncan Faulknor at a regreonal workshop

Comtact- Kepin Sene

Trend in flood occurrences (for
MAFFE. DANL, Scottsh Office). As
pant of rescarch on statisic lood
frequency estimation, UK floed
series have been tested For non
stationary effects

Comttact. Alice Rolwon

Long range study of water supply
and demand in Europe (tor ELi-
Forward Studies Ung) 1o assess
trends bias been extrapedated 10
provide forecasts for the year 2025

Comtasct Greyn Roos

European Topic Centre for Inland
Waters (European Emaronment
Ageney) TH has conteibute] to the
multi-annual wark prograimime of
the: EEA by providing an assessinent
of hydrometre methods n Europe
leading to the development of a
pan-Europein water nzomitonng
network,

Contact; Gyun Roes
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GLOBAL CHANGE

In winter snow covers over 50% of the land surface of
tbhe nortbern bemispbere. Permafrost underlies aboul
25% of the global land surface. It is not surprising,
therefore, that snow and permafrost play a
Jundamental role in global climate and bydrology.

Arctic climate and
bydrology

. ——unknown. Mhat we o know is that

Snow radically alters the groportion of
ligght reflected from the land sueface
{what is known as a change i albedo)
and its roughness. These two factors
change the amount of surface envergy
avinlable for the exchange of water
vapour into the atmospliere,
profoundly altering the local clinte
an lagge scale orculation patterns.

Snow-mrelt is 3 sajor component of
many northern rivers The freshwater
inflows inte the Arctic Ocean affect sea
ice formuation and ocean circulations,
The permalrost impedes dmmage
causing much waterlogging in tugh
Fatitudes The permafrost also locks up
considerahle cirhon doponits: it is
eatinuted that at least one third of
workds sl carhbon oceurs in
preroutrost affected regons.

Thee responses of Arctic regions to
possible dinate wanining is langely
there 18 a strong positive feodback o
global warnung associated with
changing snow caves, browdly
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speaking well desenbued i the various
glohal circulation models However,
the interactions between forest cover
ancd snow. permatrost and the
response of the carbon atoms to global
wartning aee poody understood

Whateves the response of the stored
sonl carbon to global change there will
e hinks with the hydrology. Globul
warming in the Arctic is hkely o
increase the depth of the stiva sonl
Layer above the permafrost and
ncreased emperatnres will sccekerate
ttes of decomposinon in this layer,
hoth processes will leach 1o the reletise
of greenbouse gases. In Alaska, arcas
which have histerically boen cardwn
sinks have becomie carhon sources
following increases in summer
temperature of AK in the last two
decades. Whether decompesigion
prowduces carhon dioxede of methane
will depend on the extent of
waterlomeng. It s alw possible the

"

the Arctic flora will evolve ways of
reversing this efflux but tus will
depend on the water and autricnt




status of the soils. The Institute has
embarked on a measurement and
modelling programme to understand
and separate out some of these

feedbacks,

The Institute has been making
measurements of the fluxes of heat and
water vapour above and below a snow
covered forest in Canada and over a
frozen lake, as part of the interational
BOREAS*® experiment. The
measurements show that the forest
maintains a low albedo, even when
snow covered, and thus absorbs
considerably more radiation than was
previously thought. When the snow is
lying on the canopy the evaporation
rates are large but when the snow is
on the forest floor it is effectively
isolated from the main energy
exchanges, evaporation rates are low
and the radiation input is converted

into sensible heat.

In contrast, over the snow-covered
lake the albedo is high and therefore
the net radiation is small or negative;
evaporation rates are generally small
and there is a negative (downward)
flow of sensible heat. There is good
evidence for a strong interaction
between the lake and the forest
through mesoscale atmospheric

circulations.

The forest data are being used to
develop a model of snow interception
and melt. This is the first time a
calibrated model of this important
process has been constructed. The
overall data set is also being used to
validate a mesoscale model of the
forest/lake interactions. This will be an
important contribution to the

description of the boreal forest mosaic.

Further north (at 80°N) the Institute has
initiated a study of heat, water and

carbon fluxes based at the NERC Arctic

*BOReal Ecosystem Atmospheric Study

Balloon measurements of the boundary layer over a frozen lake

in Canada

Research Station, Ny-Alesund, in
Svalbard. The surface fluxes of heat,
water vapour and carbon dioxide are
being measured using eddy correlation.
Supporting measurements include:
snow depth and density, permafrost
depth, soil moisture, surface runoff and
climate. During the 1995 season (June
threugh to August) the cumulative
evaporation was 50% more than the
rainfall (see below). Just under one-
half of the net radiation was used for
evaporation and during the same
period the permafrost melted down to
0.5 m. The drying of the soil is largely
by direct soil evaporation. The arctic
vegetation, consisting mostly of

woodrushes, have shallow roots and

250 100
H=Sensible heat

2001 — 80
E 150 160 _
= LE=Evaporation £
= £
1] —
21001 40 =
2 Rainfall ‘=
2 &
5 50 | _l20
=
[

0 et 0
Snow
_
30 May 15 Jul 1 Sep

1995

Cumulative sensible heat, evaporation and rainfall for the 1995

summer period at Ny-Alesund
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Eddy correlation equipment used for

teasuring carbon dioxide and water

vapour fluxes at Ny-Alesund

rapidly cease to transpire as the
surface layer dries; mosses become
inactive when dry. The data for 1995
suggest a small net uptake of carbon

over the season (see diagram below).

During 1996 CO, fluxes will be
measured over a complete season, In
addition, chamber measurements are
being made, in a collaboration with
the Institute of Terrestrial Ecology
(Bush). These measurements will
allow the separation of CO, fluxes
from the soil and vegetation and give
the first estimates of methane fluxes
from this area. This collaboration is
being enabled by a recently won EU
contract, the Land Arctic Physical
Processes (LAPP) programme, which

will operate measurement sites in

Svalbard, Northern Finland and
Greenland thus allowing the
generalisation of the measurements
over northern Europe. The data will
be used to develop and calibrate land
surface schemes of hydrological and

climate models.

As well as being part of a European
programme this arctic initiative can be
seen in a larger international
perspective. Institute statf are involved
in the planning of IGBP sponsored
transect experiments in Siberia and
Scandinavia and a proposed tundra
land surface experiment. The data
taken by the current programmes will
provide a valuable input to the
planning of these new international

experiments.

i
T Net respiration T
-1 E I l
o ‘ \
E ?
o2
g’ Interpolated
2 37
g | \
=) ‘ 7
E 4 COQ, fluxes
=3 |
U [
5 1 ‘ l R\ I
st i e
7 | O l
S

30 May

15 Jul 1
1995

ep

Carbon dioxide measured intermittently during the suimmer of 1995. Vegetation

can be a sink or e source for carbon dioxide, while the soil is principally a souice.
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Impact of climate change on

hydrological regimes and water
resources in the European
Community. Modelling runoff
under current and climate change
conditions, by applying rainfall and
potential evaporation scenarios,
across Europe on a 0.5° latitude
grid.

Nick Reynard

Stand alone dual gas eddy

correlation system. The close
association between transpiration
and photosynthesis, plus keen
interest in CO, budgets and their
link to climate change, is creating a
strong demand for instruments able
to measure both water vapour and
€O, in the atmosphere. Based on
IH's well-known Hyelra system, this
new instrument development will
not enly measure CO, flux but also
incorporate a 3-D anemomeler (o
make it more suitable for hilly

terrain.

Two systems, using a commercially
available closed-path infra-red gas
analyser, have been used
successfully in the Arctic and over
the Amazonian forest. The new
device is expected to be
significantly cheaper than existing
systems and capable of running
unattended for up to two weeks.
Contacl; David McNeil

GLOBAL CHANGE

Results from ABRACOS have now 1 995’96 highlights
been published by John Wiley &

Sons Ltd. Amazonian Deforestation
and Climate (ISBN 0-471-96734-3)
edited by J.H.C. Gash, C.A. Nobre,
J.M. Roberts and R.L. Victoria,
describes the results form the
Anglo-Brazilian Climate
Observation Study and provides a
wealth of information to all those
interested in the environmental
effects of Amazonian deforestation
and how it might affect the
climatology, hydrology and
ecology of the region.
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It is in towns and
cities where most of
us will live and work
in the next century,
where the most
poliution will be
generated and most
of the natural
resources consumed

The call for sustainable development made in Agenda 21

was not simply belated recognition of the importance

of environmental issues so central to Research Council

science. The world now realises that sustainability must

also include a new concept of economic growth which

provides for fairness and opportunity for all without

destroying the world’s nature resources and without

Surther compromising the carrying capacity of the globe.

Water and man

Hydrological scientists have always
understood the economic dimension 1o
true sustainability: our portfolio of
commissioned research ranges from
problems relating to new water
resources, {lood risks, urbanisation,
and improved crop water use, all
designed to maximise resources. The
new challenges provided by the CEH
integrating science programme help us
to build on this strength, 1o combine
with other related disciplines and add
the crucial dimension of socio-
economics to match our research
firmly with the needs of the time when
all research needs to be judged as

wealth-creating and/or life-enhancing.

Urbanisation

Ageing, changing and neglected urban
infrastructures the world over cannot
keep pace with the expanding urban
population. numbering 3.4 billion in
1995 and expected to reach 5 billion
by 2025,

Based on study catchments in Pakistan,
Bangladesh and India where counter-
part organisations in those countries

are building up vital rainfall and runoff
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information, 1H is establishing flow
surveys and developing urban runoff
models relevant to the kind of
conditions found in rapidly developing
cities where vastly different criteria
apply to those of more affluent

countries:

The Shadwian/Gulberg study area in

Lahore which experiences regular

Slooding




Hydrology and health

Throughout history, some of the
greatest cooperative schemes have
been engineering works to protect
and control communal water sources
for irrigation and flood control.
Because cities concentrate populations
and production capabilities, there are
always environmental problems of
faecal contamination, flooding and

uncollected garbage.

These have serious impacts far
beyond the urban boundary through
ecological demands on natural
resources of the surrounding area. But
if the same population and production
pressures are turned to advantage by
generating income to provide better
services, the long-term social returns
and economic benefits are very high.
For while it is the poor who invariably
have worse health and lower life
expectancy than richer groups (and
probably always will), providing
adequate water supply and safe
sanitation still remains the most
effective way of reducing the disparity
in health status between high and

low-income groups.

The expansion of built-up areas, the
construction of roads, water storage
and drains, together with land
clearance and deforestation can make
drastic changes in local ecology.
Natural foci for disease vectors may
become entrapped within suburban
areas and new ecological niches
created. Hydrological understanding
of catchment behaviour is thus vital
for environmental management for

many health issues.

Vast sums of money are spent each
year on health care in the fight against
disease. The links between water and
health are well-known — 21 out of
‘the 37 major diseases of the world
have an essential water link, either
through an intermediate vector (as in
malaria and schistosomiasis, for
example) or through its spread by
pollution as with the diarrhoeal

INTEGRATING, GENERIC SCIENCE

diseases. To keep nations healthy,
however, means not just tackling the
known disease trouble spots by
cleaning up polluted water. It is also
vital to provide and conserve water
supplies, sanitation and drainage in
ways that are available to everyone.
Mankind not only needs sufficient
water to drink for basic life support,
but also personal hygiene is extremely

important.

Large-scale water projects are not
always appropriate or affordable; in
many countries village water sources
are traditional dug wells or boreholes
with hand pumps. Because they draw
on unpolluted groundwater, such
water sources are inherently safe,
providing they are not ovér-exploited
beyond the rate at which Jocal water
tables recharge. Recent research in
Zimbabwe funded by ODA with the
Institute of Hydrology and the British
Geological Survey has helped to
develop ways of amplifying village
water supplies using collector wells
where modified drilling techniques
tap the basement aquifers more
efficiently. The next stage of the
project is to work with the Zimbabwe
Ministry of Local Government on the
installation of a 100 of these wells and

associated community vegetable

Delailed study of the socio-economic impacts that a reliable water supply

can make on village communities has demonstrated the success of

collector wells in rural Zimbabwe
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Safe efficient water
supplies and
adequate sanitation
could reduce infant
and child mortality
by more than 50%

Understanding the routes by which village

hand-dug wells become polluted hes
important implications for long-term

bealth issues

growing schemes. The potential for
improving quality of life in enhanced.
reliable and safe water for family
consumption and generating income
through the sale of surplus produce is

very exciting.

During the last wet season in
Zimbabwe there were outbreaks of
diarrhoeal disease in some of the
villages, apparently caused by
pollution from nearby latrines
collapsing with the excessively high
water table. Recent water quality
sampling to detect the incidence of
faecal coliform contamination in village
wells indicates that further
investigation is needed to'see where
and how the bacteria are entering the

water supply.

It global weather patterns are now set
to be more changeable and extreme
than in the earlier part of the century,
the threat of occasionally extreme high
water tables must be taken into
account in the siting of both new wells
and latrines and active research
collaboration is in hand to get a
measure of the problem. For there is
no doubt that understanding the
underlying hydrological behaviour, the
way water moves in the environment,

will be vital in formulating practical
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design rules for all developing

communities.

[Contact IH Publications Section for a
copy of the ODA's Water for Life and
Groundwaler, Geochemistry aned
Health brochures if you would like
more information on water and health

issues.]

Environmental stability

It is still widely believed that there is a
necessary conflict of competing demand
for warer, as though it was simply a
matter of choice between water for
people and water for wildlife, with the

needs of people naturally taking priority.

A central principle of Agenda 21,
however, is that the lives of people and
the environment are profoundly inter-
linked. Take wetlands for example.
Conserving wetlands by ensuring that
they have adequaie supplies of water
can be a positive benefit to man. Some
wetlands perform important natural
hydrological functions such as reducing
flooding, recharging groundwater,
improving water quality by recycling
nutrients and removing pollutants, as
well as supporting agriculture, fisheries

and wildlife,

Ninety-three states are now signatories to
the Ramsar Convention on wetlands and
are thus committed to producing

national wetlands policies. These aim to

The Kravasta lagoon, Albania



make wise use of these vital resources
_for the benefit of nuan by exploiung their
hydrological sustainatulity in
combination with water management
planning. TH is providing hydrologseal
advice to the Ramvar Convention and 10
IUCN, tw Workd Comrvabion Union.
The intemational advisory paned for the

In collaboration wath the Uraversty of
York. IH 15 producing a book
entitled Economic valuation of
wetlencs- gusdelines for planners
and decrsion makers

Cantact- Mike Acreman

Indexing catchment urbanisation
tfor MAFF and Scottish Office). As
part of research for the Flood
Estimation Handbook, IHDTM-
derived catchment boundaries
autetsatically overlan on gndded
urban and suburban data
toriginally tuken from the ITE Land
Cover Map of Great Britain but
subsequently refined) are being
used (o index the extent, location
and concentravon of catchment
urhanisation

Adrian Bayhss
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development of the management plan
for Albania’s firt designated Ramsar site,
the Karavasta lagoon, is chaired by [H
on hehalf of IUCN. This project links
wethind consenvation, Waket rRSOURCEs
management and sustanable
chevelopment i a rapidly developing
country.

Scaling up hydrologlcal varlables 1995/96 highlights
took a major icap forward this year
through the deliberations at an
nternational workshop organised
and held at IH. The papers
presented at the workshap have
been published as Scaling up in
bydrology using remaote sensing by
John Wiley & Sons Lid (ISBN 0-
471-96829-3).

Impact of peat extraction. 1H has
been commissioned 1o advise on
the mipact of peat extraction and
assocated drainage upon the
hydrology of nearby conservation
wetlands. This involves detailed
studies of the hydrological
connections between the arcas,
and the development of a novel
approach to measuring the arcally
averaged permeability of the peat.

John Bromiey
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Staff structure

Administration Tony Debney (Director)
Jan Memish (Secretary)

Neil Runnalls (Marketing coordinator)
Stuart Pryde (Head of Administration)

Simon Barter (Finance & Accounts)
Angela Davies
Angie Dickerson
New staff appointments Huw Thomas
Thelma Gibson
Anita Napper
Lyn Ross
Val Lambert
Anke

Watson Sue Fenton (Establishments & Personnel)

Trish Sanders

Eileen Younghusband

Melanie Purvey and Anke Watson
(Receptiorn,)

Melanie

Purvey Jean Hornsby (Typing Pooli
Debbie Norris

Heather Turner

John Fraser (Site services)
Ivor Standbridge
Bob Drewett

John Spencer

Andy

Sweetland
Harold Jones

Andy Sweetland (Stores)

NERC Max Beran (TIGER Programme)

. Sally Austin (Secretary)
comm“nlty : Howard Oliver

Science

Furiher details on staff qualifications and
Job descriptions may be obtained from our

WWW pages (see back cover)
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Frank Law (Division Head)

Sue Beresford (Secretary)

Roger Moore (Environmental

systems)

Kevin Black Sojftware development
Lawrence Beran

Richard Alexander

David Hill

Richard Boesch

Anne Roberts Software operations
Kevin Down

Isabella Tindall

Jeff Parker

Susan Jennings

Kara Moffatt

Martin Lees (National Water
Archive)
Terry Marsh
Dave Morris
Eric Hermans
Samantha Green
Rob Scarrott
Oliver Swain
Felicity Sanderson
Shirley Black
Jackie Carr

Celia Kirby (PR & publications)
John Griffin

Rob Flavin

Charlotte Allen

Nick Fey

Sue Wharton (Library)
Pam Moorhouse
Denise Dolton

Chris Bottrell (Computing policy)

Simon Gray

Penny Kisby (IAHS Press)
Frances Watkins
Jill Gash

APPENDICES

Mission Statement information

Hydrology

Information Hydrology seeks 1o

provide key data essential for Division
regional water management or site
design and to communicate that
information via all the modern media
required by users. To that end the
Division will:
(i) Collate, quality control and
publish time series and spatial
datasets that describe any part of
the hydrological cycle over a
region;
(ii) Reveal the coherent structures
within environmental datasets
relevant to the water industry;
(iii) Program to commercial standards
the science findings of the
Institute as well as publishing
them through every relevant
outlet in printed and electronic
form:
(iv) Use metadata cataloguing and New staff appointments
wide area networks to collect
and distribute the facts on which
the subject flourishes;
(v) Bring advances in information
technology into the hands of Lawrence
water scientists in NERC, the UK Beran
Water Industry and Academia.
While first priority is given to the
United Kingdom, the division's remit
is pan-European and will become
inereasingly international with time.
Susan
Jennings
Eric
Hermans
Rob
Scarrott
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Engineering
Hydrology
Division

New staff appointments

Mike
Dunbar

Clare
Round

Doerte
Jakob

Emma
Tate

Sean
Wood

Ned
Hewitt

Mission Statement

Our research seeks to provide
advanced techniques for flood and
low flow estimation, for forecasting
extremes, for assessing the availability
of water resources and increasingly
for determining the impact of
environmental change on the
reliability of existing and proposed
schemes. This is achieved by:

() Developing techniques for
estimating the extremes of low
flow discharges for given
frequency and durations at both

gauged and ungauged sites.

(ii) Deriving new generalised
methods of rainfall and flood

frequency estimation.

(iil) Assessing the impacts of climate
change on water resources and

flood frequency.

(iv) Modelling the impact of artificial
influences including land use
change and resource

development.

(v) Developing techniques for
assessing the impact of river [low
regimes and channel morphology

on freshwater ecology.

(vi) Developing procedures for
estimating and forecasting
precipitation rates using radar

and raingauge information.

(vii) Combining hydrological models
with data acquisition systems to
develop real-time flood
forecasting and drought

management sysiems.

(viii) Improving the effectiveness of
hydrological design by
transferring the results of
hydrological research to
European and overseas

applications and practitioners.
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Alan Gustard (Division Head)
Sandra Smith (Secretan)

Mike Acreman (River basin &
hydro-ecology management)

Andy Young

Ann Sekulin

Craig Elliott

Karen Croker

Mike Dunbar

Clare Round

Ian Gowing

Andy Bullock (Regional flow
regimes)

Gwyn Rees

Tony Andrews

Matthew McCartney

Gwynneth Cole

Julia Dixon

Duncan Reed (Flood, rainfall &
climate analysis)

David Marshall

Alice Robson

Lisa Stewart

Adrian Bayliss

lan Dwyer

Nick Reynard

Duncan Faulkner

Doerte Jakob

Christel Prudhomme

Bob Moore (Hydrological systems
modelling)

David Jones

Roger Austin

Vicky Bell

Sean Wood

Frank Farquharson (Water resource

systems)

Jeremy Meigh

Dick Bradford

John Packman

Kevin Sene

Barney Austin

Helen Houghton-Carr
Val Bronsdon

Ned Hewitt

Emma Tate




Alan Jenkins (Division Head)
Josie Champkin (Secretery)

David Boorman (Water quality
systems)

Gareth Roberts

Andy Eatherall

Rob Callins

Ray Kowe

Cath Sefton

Mike Renshaw

Jeremy Wilkinson

Simon Tolchard

Richard Williams (Pollution
hydrology)

Andrew Johnson

Atul Haria

Tim Besien

Craig White

Pam Naden (Cathment
distributed modelling)

Ann Calver

Eric Hermans

David M Cooper

Sue Crooks

Peter Broadhurst

Beate Gannon

Rob Lamb

Colin Neal (Hydrochemistry)

Helen Jarvie

Chris Smith (Analytical chemistry)

Lal Bhardwaj
Margaret Neal
James Dodd
Martin Harrow
Linda Hill
Heather Wickham

Mission Statement

The Environmental Hydrology
Division seeks to: provide an

understanding of the dynamics and

key processes controlling pollution of

surface water systems; represent the

key processes within mathemartical

models; and aid scientific understand-

ing and water quality management. To

that end the Division will:

(i) Develop models describing the
key hydrological, physical,
chemical, sedimentological and
biological mechanisms that
determine water quality and

capable of application within a

GIS framework to provide tools

to answer scientific, operational

and strategic management

questions;

(i) Aid in the design of water quality

monitoring networks and to

interpret water quality databases

through trend analysis and

modelling;

(iii) Quantify the fuxes of pollutants

and chemicals transported to

estudries;

(iv) Investigate and understand the
processes controlling the
behaviour of inorganic and
organic pollutants in river

systems;

(v) investigate the mechanisms by

which chemical and pollutants

are transported from land surface

and soil into the Muvial system;

(vi) determine the potential impact of
environmental change, including

industrial, social policy, land-use,

atmospheric deposition and

climate change, on water quality;

APPENDICES

Environmental

Hydrology

Division

(vii) Improve water quality monitoring

and modelling as an aid in
management both nationally and
internationally through overseas
partners and projects and through
wide publication of scientific

literature;

(viiDevelop the science of large-scale

(ix)

hydrological modelling with the
aim of improving and validating
atmospheric general circulation

models.

Improve flood estimation
methods for engineering design
purposes-using continuous

rainfall-runoff simulation.

New staff appointments

Linda
Hill
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Land Use

and Experimental
Hydrology
Division

New staff appointment

Rachel

Bronsdon

Mission Statement

()

(ii)

(iii)

To develop a holistic
understanding of the impact of
land use and other anthropogenic
changes on hydrology, both
within the UK and overseas, as a
means towards improving quality

of life and economic wellbeing,

To improve predictions of the
impacts of land use change upon
catchment water yield, floods, low
flows, subsurface water and

waterborne fluxes.

To develop and support ‘state of
the art’ hvdrological
instrumentation systems to further
IH science and for commercial

exploitation.
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lan Calder (Division Head)

Kath Vann (Secretary)

Mark Robinson (Land use and
water efficiency)

Jim Blackie

Henry Gunston

Sam Boyle

Paul Rosier

Helen Davies

Jim Hudson (Plynlimon)
Kevin Gilman

Sean Crane

Phil Hill

Sue Hill

Bill Hughes

Dick johnson (Stirling)
David Price
Rachel Bronsdon

Michael Cranston

Graham Leeks (Sediment and
waterborne fluxes

lan Littdewood

Carol Walts

Stephen Marks

Geoff Ryland

Paul Wiss

] David Cooper (Instrumentation)
Andy Dixon

Peter Hodgson

Dave McNeil

Roger Wyatt

Mike Stroud

Mike Walker

Jonathan Evans

Alan Warwick (Workshop)
John White
Geolf Walley



JimWallace (Division Head)
Biddy Hawker (Secretary)

John Gash (Global processes)
Richard Harding

Eleanor Blyth

Alistair Culf

Colin Uoyd

Ivan Wright

Chris Huntingford

Chris Taylor

Tim Kyte

John Roberts (Vegetation and soil
processes)

Simon Allen

Robin Hall

Martin Hodnett

Nick Jackson

David Smith

Anne Verhoef

Rebecca Hopkins

Charles Batchelor (Sustainable
agrohydrology)

John Bromley

Chris Lovell

Ragab Ragab

Jeremy Cain

Dominic Waughray

Jon Finch (Regional environmental
change)

John Stewart

David Biggin

Ken Blyth

Eleanor Burke

Mission Statement

To improve quantitative understanding
of the physical and biological
processes in the terrestrial
hydrological cycle, from local to
global scales, including the impacts of

human activities which may alter it.

Priority is given to environmental
issues which have a widespread effect
on human quality of life and
evaluating the associated economic
implications to provide well founded
guidance to environmental managers

and policy makers.

The Division's four strategic science

dareds are:

(i) Quantification of the effects of
soil physical and plant
physiological processes on the
hydrological cycle, especially
where dominated by trees and
shrubs.

(i) Measurements and modelling of
hydrological processes oceurring
within and between the complete
mosaic of land use systems within
entire landscapes, e.g. forestry,

agriculture.

(iii) Improving the ability to predict
the hydrological consequences of
environmental change at local to
regional scales, with emphasis on
use of remole sensing techniques,

regional data sets and GIS.

(iv) Increasing understanding of
hydrological processes at regional
and global scales through field
experiments and modelling; to
foster improved representation in
global climate and continental-
scale models used to predict
future climate and regional water

resources.

APPENDICES

Hydrological
Processes
Division

MNew staff appointments

Anne
Verhoef

Jeremy
Cain

Eleanor
Burke
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APPENDIX NIl

Publications

Scientific papers

* denotes non-referced pallications

*Acreman, M.C. 1995 Networking as o
key 1o sratepe action plan Py
Watch — the nousieiter of the
Enrrronnment Programme for the
Fxnteetne bavin 1. 14-13

Acreman, M.C. ane? Liheen. E 15
Hydredepaeal enmagerrent
preiectes) arcan, PARKS tur | Protectod
Arca Menepers 8,1 5.

Acreman, M.C. 1490 The IECN Saitchan
Eoxnzplizn meanve — networking 1o
Lkl caprocaty fermanage Saindie:
Teamlprazs semmirees sestnably Water
Resewterc ox Euavkpment

*Acreman, M.C 199 Fvonomag valuation
of wetlands ankl :ts voke i ise ase, s
Oth Conf of thees sntres g Partus o the
Remsar Contrenttion, Brstane. Mustzaha,
Mazch 1996

*Acreman, M.C . Howarl, G and Irot,
Jov 1990 Recorciling waker remsaoes
szt and wetkbnd comenvatnn
a key challeage for Remsin i twe 214
cemuy P Geh Ceaf of thecontroc)-
2 Peartics foo the Ramnar Contentin,
Brishane, Austzatu, March 1996

Albucrergquie. MA - Woot, M el

AC 1995 Degradhton of
ke i s, | The eng O labwelhed
Atz P NNV Congronse Bresilemns
e Carnte s s S, Vs, Braal 2351
2583

Abwepergie, MA - Wond, M and
Johnson, A.C. 1995 Dypsadiatzon of
atrazaze mr sl 11 The ety G abelkn
atrasane amxd ' Coavetire e NN
Crangroeson Brastictnde Croncic do Sede,
Vicows, Bl 235+ 2356

Albuquergue., M A L Wood, M and
Juhnson, A.C. 195 Degradaivn o
ECHROTFON DI O n with
ateazme sk, Pne XNV Congnosss
Brasthetro de € do Selo, Vieosa,
Braal. 2117-2419

Alhuguercue. M A L Wood, M. and
Johason, A.C. 195, Adsomptun aof
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Software development
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Finance

Souces of income

The histogram shows the sources of
the Institute's income over the past six
years, adjusted to 1995/96 prices

10 - £m

90/91 91/92 | 4 92/93 93/94 94/95 |

. Science budget . DoE . EEC . Private
NEHO/Spetk] B NRA B Govt.other | Miscellaneous
topics

B varr ~ opA [ Public
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APPENDIX IV

CEH
Integrating
und projects

Title IFE IH ITE

PROJECTS COMMENCING 1995/96

The microbial basis of methane oxidation in soils (] [
Interactions of viruses, aphids and wild brassica ®
Modelling the chemical availability of radionuclides in upland

organic soils ® ®
Combined growth and water use modelling of mixed vegetation ® ®
Upland forest canopy closure - its significance for chemistry,
ecology and hydrology ® o ®
Molecular genetics and process level events in the biodegradation

of xenobiotics in rhizosphere soils ®
Microbial diversity and ecosystem function - Phase I . ° ) ®

PROJECTS COMMENCING 1996/97

The role of seabirds in the epizootiology of lyme disease ®
Combined Hydro-ecological And Socio-economic Models of land

use, land management and environmental degradation (CHASM) ® ®
The environmental characteristics of urban environments ] L ®

The role of microbial diversity in regulating

ecﬂéy‘Stem function - Phase II ® @
50m solar grids for the UK ) e
Medelling the fate of viruses in the aquatic environment ®
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