
40

41

41 United Nations Educational, Scientific and Cultural Organisation

International Hyrological Programme III

40

41

40
Project 6.1 The use of representative and experimental basins for

41
monitoring natural and man made changes in the various

40 hydrological regimes

41

41

ID

• Fl ow Regimes from Experimental and
Network Data

•

F R E N D
40

Steering Committee Meeting

• 3 - 6th April 1988

41 Koblenz, FR Germany

41

•
41

41

41

41

41

41

41



FREND Steering Committe Meeting

Koblenz, F.R. Germany, April 6-8 1988

Present: Dr N.W. Arnell Mr H. Lumadjeng

•
•
•
•
•
•

Mr E. Berntsen Mr G. Oberlin •
Dr S. Demuth Ms M. Po larski •
Dr A. Gustard Mr L. Roald •
Dr K. Hofius Dr H.I. Rusinov •
Dr A. Kapotov Dr P. Warmerdam

Dr H. Liebscher
•
•

Addresses in Annex 3 •
•

1) Dr Liebscher opened the meeting by welcoming the Steering Committee to
•

Koblenz. •
•

2) Dr Rusinov welcomed the group on behalf of UNESCO and distributed

copies of the proposed draft plan for IHP-IV. He summarised the

significance of the FREND project within IHP-III.

•
•
•

3) Dr Gustard was elected as Chairman •
4) The agenda was adopted. •

•
5) The minutes of the last meeting in Norway in 1987 were agreed. •
6) All of the matters arising from the minutes were covered In the present •
agenda. •

•
7) Progress Report (appended)

Dr Gustard summarised the contents of the Progress Report,

emphasising that a conscious decision had been made to keep the Report

brief. The project scientists then gave short presentations:

•
•
•

Dr Demuth described his work on the analysis of data from small •
•
•



0

0

research basins. He had been ca lculating measures of baseflow and

40 recession and relating them to catchment characteristics, looking

particularly at methods of standardisation, the use of different time
40

periods and groups of catchments. There was some discussion about the

Incorporation of land use data In the catchment characteristic data set,

and Dr Demuth explained that unfortunately consistent data were not

available for all catchments. Dr Demuth's contract expires in July, so he

will spend one month more on analysis before writing up the results.

Mr Roaid described the progress with the flood analysis, which had

41
involved the identification of groups of catchments with similar flood

behaviour and the investigation of catchment characteristics

discriminating between groups. He had also studied the timing of floods

41 and, in some areas, the relationships between snow and rain floods. Mr

41
Roald explained that all the small catchments in his data set were

research basins. Dr Arnell then outlined some preliminary work on recent

411 trends in flood magnitudes in the FREND area.

ID
Dr Gustard explained that the low flow studies had involved both

regional investigations into low flow behaviour and catchment

411 characteristics, and the development of low flow analysis techniques. He

411 outlined the results from some investigations into the relationship

between low flow indices and soil characteristics, and described a new
41

technique for estimating low flow measures at ungauged sites based on the

ID river network rather than catchment area. Ms Polarski then briefly

ID described her work with low flow estimation in Belgium and procedures for

fitting a 3-parameter Weibull distribution to annual minimum flow data.

ID Mr Lumadjeng presented a summary of his work on some human influences

on flow regimes. He has investigated the effects of groundwater drawdown

on soil moisture levels and evaporation using the MUST model, and has

extended his studies to Hupseisee Beek in the Netherlands. He confirmed

that he is no longer using the SHE model, due to difficulties with both

• using the model at small scales and inconsistencies in the calibration. Mr

Lumadjeng also mentioned studies at Wallingford into the effects of land

drainage. During the discussion Dr Gustard pointed out that 'human

influence ' in general terms is very difficult to study and noted that

previous meetings had agreed that only some human Influences could be

ID



studied. He outlined future work using a simple conceptual runoff model

which would, when run with different interception storages, provide a link

between studies of human influence, low flows and small research basins.

8) Final Report

Dr Gustard, Dr Demuth, Mr Roald and Mr Lumadjeng summarised the

proposed contents of the final report, as given in Annex 1. Discussion of

the contents focussed on two issues, namely data quality and final

recommendations. It was suggested that the final report would include an

evaluation of the quality of the network and research basin data used in

the study, and during the discussion the project team explained that this

would be difficult due to a lack of detailed information about the gauging

stations and the inherent problems of data collection in some

environments. However, the team will be able to list the stations used for

each part of the project and will emphasise that research basin data are

not necessarily much better than network data. The discussion over the

final recommendations concerned those that would be made in addition to

the scientific recommendations. It was agreed that these should make

reference to the links between the FREND project and other international

projects (such as the French network of research basins and the WMO World

Climate Program), about the experiences gained in running the FREND

project, and, more practically, about research basin management and the

availability of research basin data.

The Project Team expect that Volume 1, containing the research

results, and Volume 2, containing data, will have approximately 250 pages

each . Volume 3 will be the literature survey of human influences on flow

regimes (Item 9), and will be between 80 and 100 pages long.

Dr Rusinov suggested that the UNESCO Technical Document series was

appropriate for the FREND Final Report (the Studies and Reports series is

more expensive and takes longer to approve and produce), and the Report

can be produced and bound In UNESCO covers at Wallingford. UNESCO have

already allocated $4000 for preparation of the Final Report, although this

also includes an allowance for the literature review (Item 9). Dr Gustard

explained that the UK will probably be able to provide approxlmately12000,

and Mr Berntsen expected to be able to react positively to a request for



•

•

41 funding. Estimates for production costs range fromf5000 to/20,000 (with

• the upper value representing a very high quality report), and costs cannot

be offset by sales because UNESCO Technical Documents must be distributed41
freely. Dr Gustard will prepare and circulate a detailed proposal.

41

• 9) Literature Survey

•
Dr Demuth outlined the proposed structure of the literature survey of

• human influences on hydrological processes (Progress Report item 5).

• UNESCO have allocated funds for a consultant to prepare the survey (item 8

above ), who will be found and appointed by the Project Team. The review41
will be strongly based on - but not limited to - reviews received by the

41 Project Team. Dr Warmerdam presented the Dutch review at the meeting, and

41 Mr Oberlin presented some relevant papers from France. Mr Roald will

•
prepare some papers from Norway, and the review from F.R. Germany is

expected soon. Dr Kapotov informed the meeting that the review .from the

• Soviet Union will be ready soon.

41
10) FRIENDS conference  41

41 The first circular for the FRIENDS conference in Norway in April 1989

• has been circulated. A second circular will be drafted and sent during the

• summer. Abstracts will be submitted to the local organising committee who,

together with Dr Gustard, will select the papers to be presented. Copies
41 of the abstracts will be circulated to Steering Committee members for

• their comments. The decisions of the local committee concerning the

• selection will be discussed with the Steering Committee at an informal

meeting to be held on June 21 in Paris during the Intergovernmental
41 Council meeting of the IHP.

•

• The Norwegian IHP Committee will cover the conference costs not met

by the registration fee, and will publish the proceedings. IAHS have been
41

asked informally to fund one person's attendance at the conference, and

• the UK has submitted a proposal for the funding of four participants

• (assistance will be given to participants from the developing world ). It

is too late for funds for the running of the conference to be provided by
41

UNESCO, but Dr Rusinov informed Mr Berntsen that the Norwegian IHP

• Committee could apply for funds to support participants from developing

• countries. He also suggested partial funding as a means of supporting more

•

•



people.

Two possible structures for the conference emerged during

discussions. One involves all the FREND participants speaking on the first

day, whilst the other has one FREND member presenting the first paper -

approximately 40 minutes long - each day, with the rest of the day devoted

to that theme (floods, low flows, management of international projects,

etc ). Steering Committee members agreed to provide names for the convenors

of each session.

11) FREND data base

Not all of the countries included in the FREND project area have

responded to the request for guidance on the release of data collected

during the FREND project. The Committee felt that the FREND data archive

was an important result of the FREND project, and agreed that people

requesting data should first obtaim written permission from the National

IHP committees of the relevant countries (who would then ask the agencies

supplying data). It was recognised that the FREND data archive will soon

be several years out of date. The data base will be transferred to Norway,

F.R. Germany and the Netherlands, and these, together with Wallingford,

will deal with data requests.

Dr Liebscher described the data base held by BfG in Koblenz for the

WMO World Climate Program. It may be possible to incorporate the FREND

data into this archive.

12 b) European Network of Research Basins

Mr Oberlin briefly described the new European network of research

basins, which has developed from a French initiative following a Council

of Europe discussion on scientific collaboration between laboratories. The

basic idea is of a club of research basin managers, providing a forum for

the exchange of information and experience. At the heart of this club is a

proposed inventory of research basins, describing, for example, their

equipment and objectives. The inventory is currently being developed in

France on a PC using the ORACLE data base, and Mr Oberlin hopes to use the

French inventory as a model for other countries. Mr Oberlin envisages a

'distributed' archive, with each country (in Europe and the Mediterranean



41

41

41
basin) holding an ORACLE-based archive of it's own research basins. A

41 meeting is planned for the autumn in Perugia, Italy, to discuss more fully

41 the development of the inventory. Dr Gustard noted that if the network had

existed three years ago the job of the FREND team would have been much
41

simplified (the first version of the French inventory was in fact used to

• help select research basins in France)! Mr Oberlin's network will be

• supported in the FREND final report.

41
a ) FREND 2  

41

411 Three proposals for a '.FREND 2' project are given in Annex 4. There was

unanimous support for such a continuation, and the consensus amongst the

Committee was that the first proposal - involving further analysis of

• FREND data and an extension of the project area to the east and south -

• was the one which built most closely on FREND expertise. Further analysis

of the FREND data base was necessary, and would provide a sound platform
41

for further developments. Dr Kapotov informed the Committee that data from

• the Soviet Union and eastern Europe should soon be available in a form

• allowing easy transfer. There was also strong support for the third

proposal - studying water quality of rivers entering the North Sea - but
41

the Committee felt that at present the FREND project did not have the

• appropriate experience. Nevertheless, the project was seen to be

• important, and could run in parallel with a more straightforward extension

of FREND, using the regional expertise gained so far. The second proposal41
- to study water resources and climatic change id southern Africa - was

• less well supported by the Committee, who felt it to be too different from

• FREND 1, but it again could benefit from the experience of the project

team.41

• Dr Rusinov drew the Committee's attention to the draft program for

• IHP-IV, and there was some discussion about the proper place for a FREND 2

within this draft. It was felt by the Committee that both FREND 1 and41
FREND 2 would fit into Theme H-5 (Hydrological problems of specific

41 regions), and it was agreed that Mr Berntsen and Dr Gustard would submit

• to UNESCO new wordings for Project H-5-4 to cover the proposed new

•
projects. The description of 'previous activities' under Theme H-5 could

also be changed to make reference to FREND 1.
41

• 13) IHP Intergovernmental Council Meeting, June 1988



13) IHP Intergovernmental Council Meeting, June 1988

The FREND project must be described at the IHP Intergovernmental

Council meeting In Paris in June 1988. Mr Roald will attend the meeting as

a FREND representative, and Dr Gustard may be able to attend also. The

formal presentation of the FREND project will be made by Dr Liebscher and

a short two page summary of the project will be prepared . The Steering

Comm ittee will hold an informal meeting in Paris on June 21 (see also Item

10 ) to d iscuss the presentation and the draft plan for IHP-IV, as well as

the FRIENDS conference .

14) Steering Group Meeting, November 1988

The Steer ing Group will next meet in Paris, on a date at the end of

November to be determined. The meeting will last two days. A draft of the

Final Report will be circulated to Steering Group members one week before

the meeting.

15) Any Other Business

It was suggested that the Steering Committee would meet during (or

perhaps just before or after ) the FRIENDS conference in April 1989. This

will be confirmed at either the June or November meetings in Paris.

Dr Gustard then closed the meeting by thanking Dr Liebscher for his

hospita lity.
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•

F REN D PR OGRE SS REPORT MA R CH 1988
•

•

•

•

•

1. I n t r od u c t i on

411
T he last mee t in g of t he St eer in g Commit tee was held in Ust ao set ,

• Nor way , in Sep temb er 1987 . Si n ce th en t he M I EN !) catchmen t char act e r ist ic

d atabase and t he su i t e of anal y s is p r og r ams h av e been comp let ed . Wor k in

t he ar ea o f low f lows con t inues w i t h s t ud ies of t he ann ual min imum f low

ser ies , t he r el at ion sh ip s of cat ch men t so i l t y pe to f low r eg ime , and a new

• in i t iat iv e in u s in g s t r eam net wor k s as t he b as is f o r calc u lat in g ca tc hmen t

•
char ac ter is t ics . T hese r eg ional low f low s t u d ies have been su p por ted by

-Mar ian ne Polar sk i w ho j o ined t he p r oj ect team f o r sev en mon t h s on second men t
•

f r om t he Un i v er s i t y o f Gemb loux , Bel g ium . Mor e d etail ed i n v est i gat ion s in

• r ela t in g cat chmen t p r oper t ies t o l ow f low mea su r es i s near l y comp let e fo r the

•
net wor k o f sma ll r esear ch b as in s . I n f lood s t u d ies , mor e wor k has been d one

•
t o ob ta in homogeneou s g r ou p s of s t at ion s and t o r el at e t he mea n an nual f l ood

to cat chmen t char ac t er is t ic s . Fu r t her model l in g wor k has ex p lai ned

• d i f f er ences i n calcu lat ed r esu l t s usi n g t he MUST model , and wor k wi l l

•
con t i n ue on a new me t h od to s imp l i f y r i v e r - aq u i fer i n t er act ion In g r ound water

mod el s .
•

2 . FREN D Database

• T he comp let e I:R EN D f low d at abase , s ub seq uen t to q ual i t y con t rol

•
chec k s , i s summar i sed in Fi gu r e 1 . Fr om t h ese r ecor d s a n umb er of f low

st at is t ics hav e been calc u lated , i nc l ud in g base f low index , mean an n ual

min imu m, 95 per cen t i l e f low and r ecess io n con s t an t .

• T he g r ld ded d at abase , cov er i n g a l ar ge pa r t o f t he st ud y ar ea , Is now

•
al so comp le te , con t a i n i n g data on rai n f al l , t w o- day 10- y ear r et u r n pe r iod

r a in f al l an d s t r eam f r eq uen cy on R 2 . 5 k m g r id , an d 1. 25 k m g r i d d at a on
• fo r est , u r ban , lak e an d h y d r olog ical so l l t y pe . T h i s data h as been u sed t o

•

• - -

•



c a lc u la t e c a t c h me n t c h a r a c t e r is t ic s fo r t h e e n t i r e d a ta s e t , a n d fo r t h e s ma ll

r e s e a r c h b a s in s a n u mb e r o f a d d it ion a l c h a r a c te r is t ic s h a v e b e e n c a lc u la t e d .

FRE ND Flow Da t a
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•

•

•
3 . A n al y s i s

•

•

• 3 1 Smal t_Rgagar ch Ba si n s  

•
St ud ies of smal l r esear ch bas ins hav e con cen t r a t ed ma in l y on comp le t ing

• t he FR EN D database b y ad d in g r ain fal l f r om 58 s t a t ions and est ab l ish in g

•
r el at ion sh ip s bet wee n low f low mea sur es and cat chmen t char act e r is t ic s . Fr om

abou t 115 r esear c h bas in s da i l y f low d at a and basin p r op er t ies su ch Rs ar ea ,
• shape , med ian al t i t ude , d r a inage den s i t y , r iv er l en g t h , r iv er sl ope and

b i f u r cat ion r at io ar e av ail ab l e . T h e r an ge i n cat ch ment s hl e , b e tween 0 .06

•
and 300 k m2 ,  i s q u i t e con s ide r ab le .

• For t he r esear ch bas in d at nset t he basef low accor d in g t o K i I le and t he

r ecess ion con st an t based on a new l y dev eloped mod i f ied r ecess ion analy s is has

• been ev aluat ed an d t he t wo pa r ameter s ar e av ai lab le now fo r bo t h a g iven

per iod and a selec t ed p er iod o f 1970 - 1980 . T he dat abase w as t hen s p l i t i n to
• t h r ee mai n g r oup s . T he c r i t e r ia u sed wer e based on t he r a in f al l pat ter n in

• t he ca t chmen t s ( t he al t i t u de - r ai n fall r elat ion sh ip ) . A mu l t i p le r eg r ession

•
model of t he f or m

• Y = f ( X , Z , K )

•

• w i t h

• Y : f low par ame t er

X : basi n p r oper t ie s

•
Z : soil i ndex

K : c l imat ic par amet er
•

• has been ap p l ied t o al l g r ou p s u s i n g bot h base f low an d r ecess ion con st an t as

p r ed i c t or . T wo d i f f er en t w ay s of s tan dar d is in g t he b asef low and t he ef f ect s
•

on t he mu l t ip le r e g r ess ion model h ave been in v est i gat ed . Fu r t her wor k w il l

con cen t r at e on loo k in g in t o t he r ole of t ime i n t he r eg r ess ion model . Fo r al l

• g r ou p s , emp i r ical eq uat ion s wer e f ou nd .

Deu t sches I MP/ OHP- Nat i ona l komi t ee , 1985 . Empf eh l ung f ur d i e Auswer t ung
40 der Messer gebn i sse von k l e i nen hydr o l og i schen Unt e r suchungsgeb i et en .

He f t 5 .

•

•



•
•
•
•
•3 2 F lo od An a ly s is

•
T h e M EN D a r c h iv e co n t a in s s e r ie s o f a n n u a l in s t a n ta n e o u s f lo o d ma x ima

f r om 1598 s t a t io n s . T h e se r ie s a r e , w it h a fe w e x c e p t io n s , f a ir ly s h o r t , t h e

a v e r a g e le n g t h b e in g a b o u t 18 y e a r s . A r e g io n a l a p p r oa c h t o t he a n a ly s is is

t h e r e fo r e n e c e s s a r y .

•
•
•
•

T h e ma in o b je c t iv e of t h e a n a ly s i s is to id e n t if y g r ou p s o f s t a t io n s fo r

w h ic h t h e u n d e r ly in g s t a n d a r d is e d f lo o d f r e q u e n c y d is t r ib u t io n s ma y b e

a s s u me d to b e id e n t ic a l . If s u c h g r o u p s c a n b e fo u n d , c la s s if ic a t io n c r it e r ia

w il l b e d e r iv e d b a s e d o n ca t c h me n t c h a r a c te r is t ic s .

•
•
•

F o llo w in g t h e a p p r oa c h b y Wilt s h ir e / ( 198 6 ) t h e d a ta s p a ce d e f in e d b y t h e •
me a n s p e c if ic a n n u a l f lo od Q BA R S P , a n d t h e coe f f ic ie n t o f v a r ia t ion C V , o f t h e

f loo d s e r ie s is p a r t it io n e d in t o a n u mb e r o f g r o u p s b y n on - h ie r a r c h ic a l c lu s t e r

a n a ly s is . Fo r e a c h g r o u p , r e g ion a l f lood f r e q u e n c y d is t r ib u t ion s a r e f it t e d

b y t h e in d e x me t h od . T h e EV I , G EV a n d Wa k e b y d is t r ib u t ion s a r e f it t e d

u s in g t h e p r o b a b il it y w e ig h t e d mome n t s me t h od . Fo r e a c h g r o u p t h e Wil t s h ir e

•
•
•
•

It - t e s t is a p p l ie d t o t e s t t h e h omo g e n e it y . Us in g d is c r im in a n t a n a ly s is ,

c r it e r ia a r e e s t a b l is h e d f r om v a r iou s c a t c h me n t c h a r a c t e r is t ic s . Re la t io n s h ip s

b e t we e n t h e me a n a n n u a l f loo d Q l3A R a n d c a t c h me n t c h a r a c te r is t ic s a r e

e s t a b l is h e d b y mu l t iv a r ia t e r e g r e s s io n a n a ly s is .

•
•
•
•

A t t h e la s t S t e e r in g Comm it t e e me e t in g t h e r e s u l t s o f a p a r t i t io n in g of

t h e d a t a in to f iv e g r o u p s w a s p r e s e n t e d . T h e s e g r ou p s we r e la t e r fo u n d to

b e h ig h ly h e te r o g e n e o u s . T h e d is c r im in a n t a na ly s is r e s u l t e d in goo d c r it e r ia

f o r c la s s if y in g fo u r o f t h e f iv e g r o u p s f r om c a t c h me n t c h a r a c te r is t ic s . O n e

p r o b le m w it h c lu s t e r a n a ly s is wa s t h e o c c u r r e n c e o f o u t l ie r s in t h e d a ta

s p a c e , w h ic h le d t o g r ou p s o f v e r y d if fe r e n t s ize s . By r e mo v in g t h e s e

o u t l ie r s p r io r to t h e a n a ly s is , mo r e e q u a l s iz e d g r ou p s we r e fo u n d . T h e

a n a l y s e s h a v e b e e n r e p e a te d fo r 10 , 15 a n d 20 g r o u p s . B y in c r e a s in g t h e

n u mb e r o f g r o u p s , h omo g e ne o u s g r o u p s a p p e a r e d . T h e o u t l ie r s we r e g r o u p e d

in s ma ll e r g r o u p s w it h o u t  a  ma r k e d in f lu e n c e o n t h e p a r t it ion in g o f t h e

majo r i t y o f t h e s t a t io n s . Re g a r d le s s o f t h e n u mb e r o f g r o u p s , some g r o u p s

a r e s t ill h e te r o g e n e o u s a cc o r d in g to t h e Wil t s h ir e It - t e s t . Re la t io n s h ip s

b e t we e n c a t c h me n t c h a r a c te r is t ic s a n d Q B A R h a v e b e e n e s t a b l is h e d fo r t h e

•
•
•
•
•
•
•
•
•
•
•
•



•
en t i r e da t a se t as wel l as each of t he f i v e and t en g r ou ps . Mor e anal y s is w i l l

•
be done t o con s ide r t he in f l uence o f lak es and u r ban r uno f f w h ic h af f ec t s a

• mino r i t y o f t he cat c hmen t s . A st ud y us i n g t he longer f low se r ies is

in v est i ga t i n g t he depend ency of t he f lood momen t s on t he r eco r d len g t h u s in g

•
' sl ice anal y s is ' . T he anal y s is is pe r f or med for 10 , 20 , and 30 y ear ' sl ices ' of

da ta .

•

1 Wi l t s h l r e , S . E . , 1986 . Reg i on a l F l o od F r eq uenc y Ana l y s i s I I :
Mu l t i v a r i a t e c l as s i f i c a t i on o f d r a i n age b as i ns i n Br i t a i n . Hy d r o l o g i c a l

41 Sc i enc es J ou r na l 3 1 , 3 , 9 . pp 335 - 34 6

•
:3 3 Lo w_ Flow St w ll e_a

• T he r elat ionsh ip of f low r eg ime to so i l t y pe i s bein g i nv est i gat ed now

•
t ha t t he pe r cen tage o f each of t h e f i v e hy d r olog ical so i l t y pes has been

cal cu lated f o r all t he d i g i t i sed ca t c hmen t s i n t h e s t ud y ar ea . T hese v al ues
• hav e been u sed in s t epw i se r eg r ession anal y ses t o f i nd r elat io nsh ip s w i t h f low

stat is t ics . I n i t ial in v est i gat ion showed t hat o f t he f ou r low f low measu r es

•
con sider ed ( 10 d ay 95 per cen t i le f low , 10 d ay mean an n ual min imu m , r ecess ion

con st an t an d base f low Index , I3FI ) B PI s how ed t he h i ghest co r r el at ion w i t h

soi l t y pe , and r esu l t ed i n t he most s ign i f ican t r eg r ess ion eq uat ions . St u d ies

• wer e sub seq uen t l y con f i ned t o t he r ela t ion sh ip betw een B PI and cat chment

•
char act er i st ics .

A summar y of t he anal y ses , In c l ud i n g par amet er s of t he best r eg r ess ion

eq uat ion an d t he per cen t age v a r ian ce t h u s accou n ted f o r , is g iv en i n T ab le I .

• A nal y s i s o f ca t chmen t s g r ou ped by co u n t r y showed ve r y poor r esu l t s f or

t he Ne t her lan d s , Fr ance and West Ger man y . I n t he case of Fr an ce an d West

•
Ger man y , s i gn i f ican t imp r ov emen t s cou ld be mad e by f u r t her g r ou p in g

cat chment s on t he bas i s o f an n ual r a i n f al l and anal y s in g t hese su b - g r ou p s .

•



• a b le I

S u mma r y o f s o il r e g r e s s ion a n a ly s is r e s u l t s

RKG ION NO . EAPAMET ER COM -A C IRNTS % VAR IANCE

SlA T IONS CouAl S I 52 83 $4 SS ACC FO R

On'orn;u k 18 89 .6 1 .6 1

U .K . 50 1 .89 59 . 7%

VI no c E  724 .6 7 - 12 - 19 - 09 1 1. 5-4

WAst  CR . o nfl y  248 No s I go i I I ono L re:so li.

BA IR oom 19 .58 .111 31.4%

NothArlmods 13 No s ign ificAol ros  I L

Da ily f lo w d a ta fo r a b o u t 30 e x t r a Be lg ia n s t a t io n s h a s r e c e n t ly b e e n

o b t a in e d fo r a s t u d y o f t h e r e la t ion s h ip s be t we e n lo w f lo w s a n d ca t c h me n t

c h a r a c te r is t ic s in I3e lg iu m . I n a d d it io n , a h u n d r e d s t a t ion s lo c a t e d a r ou n d

Be lg iu m h a v e b e e n s e le c t e d in o r d e r to e x t e n d t h e d a ta s e t fo r a n a ly s is ,

65 s t a t io n s w it h mo r e t h a n 50 y e a r s d a il y f lo w d a t a a n d le s s t h a n 500 k m2

in a r e a h a v e b e e n s e le c te d f r o m t h e F REND a r c h iv e in o r d e r to f it a t h r e e

p a r a me t e r We ib u ll d is t r ib u t io n t o t h e f lo w f r e q u e n c y c u r v e s d e r iv e d f r om

t h e s e d a t a . Re s u l t s w ill b e c omp a r e d t o t h o se o b t a in e d f r om a t wo p a r a me t e r

We ib u ll d is t r ib u t io n , a n d t h e r e la t io n s h ip s o f t h e p a r a me t e r s o f t h e

d is t r ib u t io n w it h f lo w d u r a t io n a n d w it h ca t c h me n t c h a r a c t e r is t ic s will b e

in v e s t ig a t e d .

T r a d it io n a l p r o c e d u r e s o f e s t ima t in g a va r ie t y o f lo w f lo w me a s u r e s a t

n u me r o u s u n g a u g e d s it e s o f t e n b u r d e n wa te r r e so u r c e p la n n e r s wit h t h e

t ime - c o n s u min g e xe r c is e of f ir s t c a lc u la t in g ca t c h me n t c h a r a c te r is t ic s f r om

t h e ma t ic ma p s a n d t h e n a p p ly in g v a lu e s t o a p p r o p r ia t e e q u a t ion s . A p il o t

s t u d y h a s s o u g h t to m in im is e t h e r e q u ir e d e ffo r t In lo w f lo w e s t im a t io n b y

in te g r a t in g g r id d e d d a ta b a s e s o f r e le v a n t ca t c h me n t c h a r a c te r-is le s w it h  a

d ig it is e d n e t wo r k o f t h e n a t u r a l d r a in a g e c h a n n e ls . By in p u t t in g th e

c o - o r d in a te s o f t h e s it e o f in t e r e s t e s t ima te s o f c a t c h me n t c h a r a c t e r is t ic s a r e

d e r iv e d f r om t h e c o r r e la t io n o f t h e s t r e a m n e two r k a b o v e t h e id e n t if ie d p o in t

w it h t h e g r ld d e d d a t a b a s e s . A n a lg o r it h m ha s b e e n d e ve lo p e d w h ic h f ir s t



id en t i f ies t hose 1 k m2 g r id sq uar es u pon wh ic h t he s t r eam ne t w or k is

imposed , and secon d , in t e r pola t es bet ween samp led g r id sq uar es to

ap p r ox imate t he nat u r al bas in p lan f or m

t he to t al se t of samp led g r id sq ua res

L  4 Modell i n g Human Imp act

' Il e numer ical v al ues assoc iat ed w i t h

a r e I hen u t i l ised in t he calcu lat ion

ca t c hmen t char ac te r is t ics . T h is me t hod hns been ap p l ied to t he calcu la t ion o f

ca t chmen t a r ea , av er age an n ual r a i n fal l and p r opor t ional so i l i nd ices .

F ig u r e 2 demonst r at es t he p lan fo r m o f t he g r id squar es samp led by t he

descr ibed met hod , and compar es es t imates of cat chmen t ch ar act e r ist ics

calc u l ated f r om t he d i g i t i sed s t r eam ne t wor k w i t h t hose i n w h ich t he nat u r al

cat c hmen t bou ndar y was k now n .

W E AV E R AT AS HOROO K

AREA

SAAR

SO I LI

AC TUAL ESTIM ATE D

6 2 2 krn'

76 5 mm

0 -2 6

SO I L• 0 .72 0 73

S • MOled Ca tc hme nt are •

N atw al Cat c hmen t bound ary

Dig it ised stre am ne twork

SA A R Sta nd ar d ised An n u al A v er ag e Ra in fal l

Figu r e 2

Nat u r al and est imated cat chmen t s su p er imposed on t he d i g i t ised r i v e r

net wor k ( see t ex t ) .

of

T he ap p l ica t ion of t he MUST mod el us in g data f r om t he Yar n t on s ite

(Ox f or d ) to s t ud y t he e f f ec t of g r oundwater t ab le d r awd ow n on t he soil

mo i st u r e cond i t ion and ev apor a t ion has s hown a r elat i v el y la r ge d i f fer en ce in

ev apot r an sp i r at ion calcu lat ed u s in g t he mod el and t hat p r ov ided b y t he

Penman - based cal cu lat ion ( Nass1 1987 ) . T he MUST Ep for t he summer half

y ear of 1985 is 373 mm w h i le t he Penma n ev apot r an sp i r at ion f or t he same

per iod i s 507 mm . T he v al ues f o r 1986 ar e r espect i v el y 443 an d 555 mm . A

f u r t her st u d y of t hese d i f f e r ences r ev ea led t ha t t he d a ta f o r t he f r ac t ion of

su n sh ine d u r at ion wer e f au l t y ( su spected ) , and t he u se of d i f f er en t met hods

has ex p la ined mor e t han 11 % of t he d isc r epanc ies . T h is r an ge of d if f er ences



•
•

is w idel y accep t ab le in p r ac t ice , a s t he f o r mu lae a r e emp ir ical ly de r i v ed ( .1. B .

•
•

St ew ar t an d l i . A . R . d e B r u ij n , per sonal commu n icat ion ) .

Calc u la t ion s a r e s t i ll i n p r og r ess In an at t empt t o est imate t he imp ac t of

t he 1976 s i t uat ion w her e t he so l l mo is t u r e is ex pected t o be most sen s i t iv e t o

d r aw dow n i n g r ou n d water t ab le .

•
•
•

A wel l k now n p r ob lem in t he ap p l ica t ion of n phy s ica ll y - based mod el in a •
r eg ional and / or wat er r esou r ces st u d y i s t hat t her e are a lar ge n umber of

pa r amet er s to be cal i b r at ed and t hey a r e u sual l y u nk nown .

•
•

A not h er p r ob lem i s t he con f l i c t be t w een t he 'mic r o ' and 'mac r o ' sca le .

A n ex amp le of t h i s p r ob lem i s t he i n t e r ac t ion be t ween channel f low an d

t wo - d imen slonal g r ou nd water f low . I n t he mic r o scale i t is i ncor r ec t to ap p l y

t he D up u i t assump t ion of hor i zon tal f low c lose to t he c hannel si nce t he

v er t ica l f low comp onen t i s no lon ger neg l i g ib le , b u t f o r r eg ional g r ou nd wate r

f low s t ud ies t h is ap p r oach i s w id el y accep t ed . I f t he c hanne l f low i s mod el led

•
•
•
•

u sin g t he St . Venan t eq uat ion (as in t he SHE mod el ) t he ex chan ge be t ween

gr ou nd wate r an d chan nel f low i s a mic r o scale p rob lem w i t h r espec t t o t he

g r oun d wat er f low model . I t i s i l l us t r a ted in v an de r K loet an d L umadj en g2

•
•

( 1986) t hat t h i s con f l i c t can be avo ided u s in g a s imp le model fo r t he chan nel . •
I n essence , t h i s s imp l i f icat ion w i l l mean t hat t he moment um equat ion in t he

chan nel can be neg lect ed as f ar as t he r e g ion al g r ou nd wate r r esou r ces model

is con cer ned . T h is ap p r oac h , wh ich is compleme n t ar y to t he SH E model , w il l

be s t ud ied In mor e d et ai l , t oget her wi t h t he MUST mod el , in t he r emaind er of

•
•
•

t he p r oj ec t . •
•

1. Nos s , A . ,  1987.  App l i c a t i on o f t he MUST mode l t o t he s i t es Ynr n t on Mend

and Hups e l s e Beek . I H i n t e r na l r epo r t . •
•

2.  K l oe t , v an der P. , and Lumad j eng ,  H .S., 1986.  The deve l opment o f an

economi c obj ec t i ve f unc t i on f o r dec i s i on mak i ng i n a wat e r r es our c es con t r o l

p r ob l em. Pr oc . UNESCO 1HP Sympo s i um, May  5-7 1986 , Os lo . pp 221-237.

•
•
•
•

4 .  Fin al Rep or t •
•

Dr af t in g of t he f inal r epor t is p r ogr essin g , wit h most ad vance s hav ing

been made in Chap ter s 1, 2 , 3 and 5 . Rev i s ions ar e bein g made to t he
•
•
•
•



•

•

p r o po sed c hap te r con ten t s ns wo r k de v e lo p s . A n u p d a ted l i s t o f p r o v i s io na l

c hap t e r s an d s u b - se c t ion s is g i v e n in A n ne x 1. T he f in is hed r epo r t, is

a n t ic i pa ted t o b e ap p r ox ima te ly 250 p age s in le n g t h and p r in t in g cos t s f or

• ab ou t 1000 co p ie s w i l l be in t he r e g ion o f £ 100 0 . A n ad d i t iona l v o l u me

comp r is i n g d a t a t ab le s i s nl so en v isa ge d
•

I n r es po n se t o t he d ec is io n a t t he las t S tee r in g Commi t t ee meet in g i t was• a g r eed t h a t St ee r i n g Comm i t t ee membe r s w ou ld ap p r oac h t he i r comm i t t ees

• w i t h a r eq u es t f o r f in an ce t o cov er p u b l is h i n g cos t s . Fu nd s t o con t r i b u t e to

t h ese cos t s ha v e p r ov is iona l ly bee n mad e a v a i lab le b y t he U . K .

•
5 . L i t e r a t u r e Su r v ey

• Pr op osa l s f o r t he s t r u c t u r e o f t he l i t e r a t u r e s u r v ey hav e been f o r w a r d ed

• t o U N ES CO w i t h a v ie w t o a co n s u l t a n t b e in g ap po in ted t o p r od u ce a

camer a - r ead y cop y o f t h e f in al v e r s io n o f t h e s u r v ey as Vol u me 2 o f t h e f i nal

r ep o r t . I t i s p r op osed t ha t t he mate r ia l f r om a l l t h e co n t r ib u t ion s b e co l l a t ed
• an d t h en p r esen ted by top ic u n de r t he f o l low in g head ings :

I I n t r odu ct ion
•

I I Me t hod o lo gy

• I I I Wa te r Man ageme n t Need s

I V SII r f ace and G r ou n d wa te r Re g imes

•
V Pa t t e r n s o f S t r eam f low

V I Se d ime n t
• V I I Wa te r Qu a l i t y

Eac h t op ic wou ld b e f u r t he r s u b - d iv id ed by r eg ion , f or ex amp le Eu r op e ,
•

Ame r ica , A s ia .

A su mma r y o f 1 he l i t e r a l u r e s u r v ey co n t r Ib u t io n s so f a r r ece iv ed is

g iven i n T ab le 2 .
•

- 9 -
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•

• 6 . Rep or t s an d Pu b l i cat i on s

•

T ec h n ica l no t es co n t in u e t o be w r i t t en t o r eco r d t he p r o g r es s o f p r oj ec t
•

wo r k , i nc l u d i n g t he d e v e lo p me n t o f so f t wa r e , t he a n aly s is o f d a ta aw l any
• v is i t s mad e b y t he p r oj ec t t eam . An u p t o d a te l i s t o f t he T ec h n ica l Note

• se r ie s is g iv en in A n ne x 2 .

•
Pu b l icat ion s

•

• K loet , v an d e r P. , and Lumad j en g , 11.5 . , 1986 . T he d e v e lopme n t o f an

•
economic objec t i ve f u nc t ion f o r dec ision mak in g in a wate r r esou r ces con t ro l

p r ob lem . Pr oc . U NESCO H I P Sy mp osium , May 5 -7 1986 , Os lo . p p 22 1- 237 .

•

7 . F i nal Con f er en ce

•

• A s ag r eed a t t he Stee r in g Commi t t ee mee t in g , t he F REN D f i na l

•
con f e r en ce w ill be held i n Nor way i n A p r i l 1989 . T he co n fe r ence , t i t led

' FR I EN DS ( Flow Reg imes f r om I n t er nat io nal Ex per ime n tal and Ne t wor k Data

• Set s ) i n Hy d r olog y ' w i l l tak e p lace i n Bo Ik e* , Nor way , f r om Ap r i l 1st t o 6t h

• 1989 . T he f i r s t c i r cu la r s p u b l ic i s i ng t he con f e r ence have been p r i n t ed and

•
ar e bein g d i s t r ib u t ed i n t e r nat ionall y t h r ou g h U N ESC O , l A l l S , WMO and • o t her

o r gan isat ion s .

•

• T he f ol low in g dead l i nes have been se t :

•
1st May 1988 Pr ov is ional r eg i st r at ion

• 1st J une 1988 Rece ip t of abst r ac t s o f pape r s

1st No v . 1988 F ina l r eg is t r at ion fo r t he co n f er en ce

1st Dee . 1988 Rece ip t o f f inal pape r s f o r t he Pr oceed in g s
•

Co n v enor s of t he sess ion s and r ev iewer s of t he pape r s hav e not y et

been de ter mined , so p r oposa l s fo r t hese need t o be p u t for war d .

•

•

•

•

•

•
- I I -



8 . EM EN D Data Releas e

I n o r de r to en cou r age  a  w ide u se o f t he v a l uab le FREN D dat abase af te r

t he end o f t he p r oj ec t i t is in tend ed to hold cop ies o f t he da ta in Wes t

Ge r many , No r way and t he Ne t her land s . In p r epa r at io n fo r t h is , samp le tapes

con t ai n i n g a sub se t o f each of t he v a r io u s t y pes of d at a hav e bee n p r epar ed

and documen t eci , an d sen t to t he app r op r iate o r gan i sa t ion s i n or de r t hat d at a

t r ansfe r p r ob lems may be f o r seen and sol ved . Final v e r s io n s of t he t apes ,

con t ai n in g t he w hole d at abase , w i l l be made av a i lab le i n May 1988 .

A l l t he na t ional H I P commi t tees o f t hose coun t r ies con t r ibu t in g dat a t o

t he p r oj ec t hav e been asked t o c lar i f y t he con d i t ion s u nder w h ich data f r om

t he ir cou n t r y may be mad e av a i lab le fo r use a f ter t he en d of t he F REND

p r oj ect . Rep l ies hav e so fa r b een r ece i v ed f r om Be l g ium , Fi n land , Nor way ,

Sw i t ze r land an d t he Un i ted K ing dom .

9 . FREN D 2

I t w as ag r eed a t t he las t Stee r i n g Commit t ee meet i n g t hat f i r m p r oposa l s

f o r foll ow - u p wor k t o t he FREN D p r oj ec t wou ld be p u t to t he nex t mee t in g .

D i scu ss ion wou ld he g r eat ly en hanced i f t hese p r oposa l s wer e c i r cu lated to

t he St eer i n g Conuni t tee befor e t he mee t i n g .
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•
•
•

AN NEX 1
•

F REN D  -  Fi n al Rep or t Con ten t s •
•

Pr ef ace •
For war d •

•
C hap t er 1 . Ex ecu t i v e Summar y  Ed i t or : AG

1 . 1 Obj ec t iv es
I . 2 Pr oj ect. imp lemen ta t ion
1. 3 St ud y ar ea
1 . 1 Ou t l i ne o f r epor t
1. 5 Su mmar y o f conc lu s ion s

•
•
•
•

C hap t er 2 . Hy d r ol og i cal Da t ab ase  Ed i t or : IA •
2 . 1 I n t r od uc t io n •
2 . 2 Selec t ion of cat c h men t s
2 . 3 Da ta t r an sf er and l iai son w i t h hy d r olog ical

o r gan i sa t ion s
2 . 4 Dat ab ase management and q ual i ty con t r ol

•
•

2 . 5 Su mmar y of FR EN D hy d r olog ica l d a tabase
•

Ch ap t er 3 . T h emat ic Dat ab ase  Ed i t or : SD •
3 . I I n t r od u c t io n •
3 . 2 T opog r ap h ic map s
3 . 3 Mor p homet r ic char acte r is t ic s •
3 . 4 Soi l an d geolog ical ind ices
3 .4 Lan d u se d at a •
3 . 5 Cl imat e char ac te r is t ics
3 . 6 Summa r y o f FREND t hemat ic database •

•
Ch ap t er 4 . Reg ion al F l ood St u d ies  Ed i t or : LR

•
4 . I I n t r od uc t ion •
4 . 2 Su mmar y o f f loo d r eg imes
4 . 3 Homogeneou s f lood r eg ion s •
4 . 4 Reg ional f lood f r eq uency ana l y s is
4 . 5 Class i f Ica t ion c r i te r ia •
4 . 6 Re la t ions bet ween mean ann ua l f loo d and

cat chmen t c har ac te r ist ics •
4 . 7 Fr eq uenc y anal y s is of f lood s of mix ed or i g in

•
•

-  l i  -
•
•
•



•

•
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Annex 4

Proposa ls from the Un ited K ingdom for a continuation of the [REND programme

T itle Flow Reg imes from Experimenta l and Network Data - Phase 2

Description A three year programme to extend the geographica l scope and

hydro log ica l ana lys is of the current. FREND project in Europe .

Objectives

Proposed Work

1. To extend the geographica l area of the project to Eastern
Europe and Mediterranean areas.

2. Develop existing techniques of regional analysis.
3. Develop techniques for applying estimation techniques to

d ig ita l data bases of river networks and catchment
characteristics.

4 . To extend the application of analysis techniques for small
research basins.

The current FREND data base would be extended to other countries
who wish to cooperate in the second phase of the FREND project.
This phase would also develop techniques for estimating extreme
events using the large data base of flood and daily flow data.
Opportunity would be taken to apply further analysis techniques
proposed by the W. German IHP. Recent developments in digital
cartography ha-..z- r.-_± ti availab le -a- wife-range of data bases on
river networks, rainfall, land use, soil, etc. and one aim of
the project would be to incorporate digital mapping techn iques
for the rapid assessment of floods and low flows. This would
have three major advantages. First it will enable the full
advantages of dig ital map data to be incorporated in design
techniques. Second it will enable estimates to be compared with
and adjusted by observed flow statistics based on long records.
Third it will improve the accuracy and speed with which flows
can be estimated at ungauged sites.

Implementation Funds are being sought from United Kingdom funding bodies to
maintain the existing input to the FREND project. Office,
Computing, Secretaria l and support facilities could be made
available at the Institute of Hydrology. The project should be
incorporated where possible into the appropriate IHP programmes.



0

0

Title An assessment f o the imp lications o f human influences and

c limatic change upon the natura l hydrolog ica l regimes of
southern Africa .

Descript ion Th is project w ill a im to use data from network , representative
and experimenta l dra inage basins in southern Africa to study
natura l hydro log ica l reg imes and changes in runoff patterns
ar is ing from anthropogenic influences and c limate change
scenarios .

Objectives 1. To summarise reg iona l patterns and variations in
hydro log ica l reg ime in terms of
_ water ba lance

- low flow frequency
- storage-y ie ld relat ionsh ips .

2. To assess the nature and significance of man- induced land
use change (deforestation, land management practices)

3.
upon the loca l and reg iona l hydro log ical reg imes .
To investigate the imp lications of CO2-induced c limate

4 .
change scenarios upon surface and groundwater resources .
To ident ify reg ions or catchment types in which runo ff
patterns may be most suscept ible to land use or c limatic
changes .

5. To deve lop a methodo logy for the transfer of resu lts from0 network, representative - or experimenta l basins to
ungauged sites .

0 Proposed Work The ma in tasks o f the project will be :

I I 1. Se lection of basins.

40 2 . The co llection and archiving of annual, monthly and
preferably da ily discharge and rainfa ll data.

0 3. The deve lopment and derivation of appropriate basin
characteristics from published maps and where necessary

4I the derivation of new maps, benefitting where possible
from remotely sensed data sources.

411 4. The analysis of these data to establish relationships
between catchment characteristics and Indices of the

0 natura l hydrolog ica l reg ime, and to examine the variations
in response attributab le to  an t hr opogen i c  influences .

0 5 . The derivation of c limat ic change scenarios and
i nvest i gat i on  of the Implications for the hydrolog ica l

0 reg imes .

I mp l ement a t i on  It is proposed that the study should be based in Africa with
c lose links with the Institute of Hydrology, Wallingford (UK) to
attain maximum benefit in terms of staff experience and
computationa l and administrative fac ilities . It is envisaged
that the Institute wou ld provide one or two full-t ime sc ientists
for a period o f three years, supported by suitab ly qualified
staff, where appropriate. rt is stressed that the project wou ld
greatly benefit, if not be dependent upon , the  c on t r i bu t i on  of

staff from organisations w ithin the study area .



Fund ing is sought w ithin the UK pr inc ipa lly from the Overseas
Deve lopment Adm in istration but a lso from other organisat ions
such as  UNFSCO, UNEP, WHO,  UNDP and FAO . The ains and timetable
of the project shou ld be incorporated , where poss ible, within
estab lished IHP, WMO and/or FAO projec ts.
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10  Title : Estimates of Po llutant Loads Entering the North Sea from
major European Rivers

Description : An internationa l programme of work to determ ine pollutant
load from European Rivers for input into a comprehens ive
water qua lity mode l of the North Sea . The Institute of
Hydrology has been the focus of a three year study of flow
reg imes from European R ivers and the project cou ld be
imp lemented most effective ly w ithin a similar structure for
international co-operation . The first phase of the work w ill
rev iew both the techn iques for estimating po llutant loads and
the feasib ility of integrat ing existing Surface Water (IH )
and Harmonised monitoring (DoE ) arch ives . Th is phase w ill
a lso ident ify add itiona l relevant water qua lity daLa
availab le in the UK from Reg ional Water Author ities and River
Purification Boards and from main land Europe by mak ing full
use of the international co-operation developed dur ing the
current FREND project. The second phase of the project w ill
produce an international water quality and quantity arch ive
of major po llutants entering the north sea and app ly
techn iques deve loped in phase 1 to estimate po llutant loads.

• Object ives: 1. Identify ava ilability of relevant water qua lity data for
European R ivers.

2. Rev iew and develop techn iques for estimat ing pollutant

• loads.

• 3. Extend international FREND data base to inc lude water
qua lity data

Estimate po llutant loads entering the North Sea ,

• Proposed Work Phase 1 of the project will be used to co-ord inate activities
from European Countries in order to develop an internationa l

II project group to develop analysis techniques and organise the
exchange of data. A methodology will be developed for

ID estimating pollutant loads including the seasonal variability
in loadings. (Results from the current FREND project on the

II variation of monthly flow reg imes will assist in this work ).
Of particu lar importance for the UK data input to the project

II will be to comb ine time ser ies of flow and quality data from
the Surface Water Archive and Harmonised Monitoring System

II and make recommendations for the most efficient long term
development and integration of these arch ives. During the

II first phase of the project the most important pollutants to
be considered in the North Sea mode l shou ld be ident ified in

II order to lim it the data co llection exerc ise to the most

II relevant water qua lity var iab les.

II The second phase o f the project will deve lop the ex isting

European FREND arch ive of river flows by the transfer and

II arch iving of water qua lity time series. Th is comb ined
quanti ty and qua lity data base will be ana lysed to estimate

II po llutant loads into the North Sea . Opportunities  will be
take to ana lyse more deta iled time s e V LQ!; O f ‘;aLer qua lity



Imp lementation

data in order to assess sensitiv ity of load esLimates to
sampling interva l and to excessive seasonal var iation in
load .

Funds are be ing sought from United Kingdom fund ing bod ies.
Office, Computing , Secretaria l and support fac ilities cou ld he
made ava ilab le at the Inst itute o f Hydro logy . The project
should be incorporated where possib le into the appropri.ate IHP
programme .




