FDMT Customisation for its Use in the

Czech Republic

F I N A L v e r s i o n

R O D O S

DECISION SUPPORT FOR NUCLEAR EMERGENCIES

R E P O R T

RODOS(WG3)-TN(98)-14 final - 0 - 31.8.1999 final - 1 - 31.8.1999

FDM T Customisation for CR

RODOS(WG3)-TN(98)-14

Pet r Pecha, Petr Nedoma, Miroslav Karny, Petr Kuca *

Dept. ofAdaptive Systems, Inst itute ofInfor mat ion Theor yand

Automat ion, Czech Academyo fSciences

Pod vodarenskou vezi4, 182 08 Prague 8

Czech Republic

* NationalRadiat ion Protection Inst itute, Prague

Email: pecha@ ut ia.cas.cz

Final, August, 1999

M anageme nt Summary

The report considers adequacy ofthe RODOS food chain and dose

module for its use for the Czech Republic territory. The topic is

analyzed fromthe point ofview definit io n ofradioecologicalregio ns

and selection o fa proper localgroup ofplant and animal products.

Possibilit y ofdeter mination o fall local-dependant modelparameters is

discussed. The process oflocaldata select ion and acquisit io n is

descr ibed with a specialattention to construction ofgr idded

environmentaldata and its further transport to European database.

RODOS( WG3) ˘ TN(98) - 14 FDMT Customisation for CR

final - 2 - 31.8.1999

Conte nts

INTRODUCTION ................................ ................................ ................................ ................................ ....... 3

1 ADEQ UACY OFTHE RO DOSFDMT MODULE ................................ ................................ ....... 6

1.1 P RESENT STAT US OF KNOWLEDGE IN THE C ZECH R EPUBLIC

................................ ............................ 6

1.2 C ONCLUSION RELATED TO ADEQUACY OF

FDMT FOR THE C ZECH R EPUBLIC

................................ .. 9

2 DEFINITION OF RADI OECOLOGICAL REGIONS FORTHE CZECH REPUBLIC .......... 10

3 DATA COLLECTIONFO R PURPOSES OF FDMT CUSTOMIZATION FORTHE CZECH

REPUBLIC ................................ ................................ ................................ ................................ ............ 19

3.1 D AT A COLLECTION FOR EACH INDIVIDUAL REGION

: ................................ ................................ ..... 19

3.2 D EFINITION OF PRODUCTS

................................ ................................ ................................ ........... 20

3.3 N UCLIDE INDEPENDENT

FCM PARAMETERS ( REGION DEPENDENT

) ................................ ............... 24

3.3.1 LAI - leaf area index of plants ................................ ................................ ........................... 28

3.3.2 LAITIME - Time grid for LAI data ................................ ................................ .................... 30

3.3.3 LAIMAXG - Maximum leaf area index of plant ................................ ................................ .. 30

3.3.4 YIELD - yield of plants at time of harvest ................................ ................................ .......... 32

3.3.5 TGROWTH - beginning of growth of plants ................................ ................................ ....... 32

3.3.6 THARVEST- beginning and end of harvest of plants ................................ ......................... 36

3.3.7 WFHARVL - weighting factor forfirst part of harvest period ................................ ............. 37

3.3.8 GRODILRATE - growth dilution rate (grass and hay only) ................................ ................ 37

3.3.9 SOILMASS - soil mass per area of arable/pasture soil ................................ ....................... 38

3.3.10 Other nuclide independent parameters ................................ ................................ .............. 39

3.4 N UCLIDE DEPENDENT

FCM PARAMETERS ( REGION DEPENDANT

) ................................ .................. 39

3.5 I SOTOPE DEPENDENT MODEL PARAMETERS

................................ ................................ .................. 41

4 COMMENT ONLATE CO UNTERMEASURE DATACOLLECTED INTHE CZECH

REPUBLIC ................................ ................................ ................................ ................................ ............ 41

5 CONCLUSION ................................ ................................ ................................ ............................. 47 final - 3 - 31.8.1999

Intr oduc tion

An adequacy ofthe RODOS food chain and dose modules has been

analyzed in relat ion wit h specific condit io ns valid for the Czech

Republic. Agroclimat ic condit io ns, human consumpt ion habits and

animal feeding diets were invest igated in order to determine if the

complete localdata is available. Differences were assessed between the

local values and default FDMT values included in the current version

ofRODOS system. The FDMT ofRODOS was found to be qualified

to accept allspecific features ofFCM modeling in the territoryofthe

Czech Republic.

An attempt was done to define radioeco logicalregions for the Czech

Republic on the basis ofmore profound analysis taking into account

agr iculturalproduction process, agro-climat ic condit io ns and

pheno logical character ist ics, human consumption habits consider ing

both season and age dependent rates, feeding regimes for animals, etc.

Insufficient exist ing data and lack o ffinancialresources for external

co-operation and manpower led to some simpler solut ion, when three

radioecological regions were declared on the basis o falt itude. The

definit ion was confront with a set ofagro-climat ic maps [1] for several

main plants. The maps are the only available overall relevant mater ial

and cover per iod 1931 - 1960. But we believe it compr ise st ill high

degree ofrelevant infor mation. Co mpar ing the maps with

radioecological regions based on purelyelevat ion basis, we can reveal

strong correlat ion.

Collect ion ofallnecessar ydata for adaptation ofthe FDMT to local

condit ions is st illongo ing process. So far no law regulat ions related to

providing o finfor mat ion exists in the Czech Republic. Many

inst itutions have restricted the range ofcollected data since 1990. If

some data are available, its for mat is mutuallyincompat ible (r ivalr y

between civiland militar ysectors) and far fro mRODOS requirements.

Allthis facts together with poor financialresources insufficient for

data acquisit io n fro mcommercial data providers made the data

collect ion for RODOS customizat ion ver y difficult and t ime

consuming task. Available RODOS default data for CentralEuropean

condit ions together with the collected nat ionaldata used within our

Czech modelENCONAN for dynamic food chain modeling were used

as a basis for determinat ion ofthe localFDMT data.

final - 4 - 31.8.1999

Nevertheless, the posit ive effect ofthe invest igat ion was establishing

good collaboration relationship among severalproper experts teams in

the Czech Republic. Then, the basic set ofdata is graduallyupdated on

the basis o fexpert analysis resulted fro mco-operation wit h the

externalpartners.

Adequacyo fthe FDMT parameters for regions ofCzech Republic was

considered. As for definit io n ofnumber offeedstuffs and foodstuffs

products we have found the later changes made bydeveloper s to be

useful for our territory. The smaller number ofthe standard products

being considered in ever y region enables to increase the number of

optionalproducts specific in separate regions. As for maximum

allowable number of feedstuffs in animals´ diet the increase ofthe

number to 8 is quite sufficient.

Collect ion ofso il t ype data and its processing to proper format was

done in correspondence with the later decisio n ofRODOS developers.

Soilt ype data are determined for each ofthe grid po int. This means

that soilt ype dependent soil-plant factors are determined individually

for each gr id po int regardless on the kind ofradioeco logical region.

Then, soilt ype does not enter into definit io ns ofthe radioecological

regions. Finalresult is detailed sur face definit io n ofsoil t ype

dist inguished according to its texture on the grid 1 x 1 kmfor the

who le Czech Republic.

Special attention has been devoted to the construction ofgr idded

environmentaldata necessar yfor the radioecological regio ns and

countermeasure calculat ions within RODOS. Data on populat ion

sur face densit y according to particular age categories, agr icultural

production, numbers ofanimals, so il types and other items has been

concentrated in a specialinter mediate gridded file. It consists of82 138

records, each record stands for tile 1 x 1 kmand compr ises manyitems

character izing the var ious properties on the tile (co-ordinates ofthe

tile, maximumalt itude, ident ificat ion ofradioecological regio n, district

number, average population according to age categories, sur face and

soil character ist ics, agriculturaldata on the tile for allrelevant products

etc.).

A part ofthe file is demo nstrated in supplement 1. The grid

continuously covers the who le sur face ofthe Czech Republic and after

its final transfor mat ion to geographical coordinates it should be

continuously linked to neighboring countries. The intermediate file

serves partly for automat ic generat ion ofa new data items and its easy

actualization, partlyfor the final transfor mat ion to the required final - 5 - 31.8.1999

RODOS format and finallywill facilitate the data transit ion to

European database.

final - 6 - 31.8.1999

1 Adequac y of the RODOS FDM T module

1.1 Present status of knowle dge in the Czec h Republic

An attempt to modelradioeco logicaltransport has some tradit ion in the

Czech Republic and then the judgment ofadequacy o fthe

sophist icated FDMT ofRODOS can start fro ma certain levelo f

knowledge. A special model ENCONAN (Environmental

Contaminat ion Analysis) has been developed [4] and basic localdata

were collected. The modelwas successfully ver ified byits author

within VAMP validat ion studyfor CB scenar io [5].

The modelsimulates allspecific pathways and selected model

parameters, reflects kinet ics o fdeposition on the plant surface in the

var ious phases ofvegetation per iod, transport through leaves or roots

to the plant and transport fromfeed to animalproducts. The success of

modeling is also dependent on manyaddit io nal factors including

feeding condit ions, far ming practices and crop processing techno logy

used in the Czech Republic territoryto prepare foodstuffs and feeding

mixtures. The modelrepresents determinist ic modeling based on the

method ofconcentration factors with exception o fpork contaminat ion,

where dynamic compartment modelis used. Food consumpt ion rates

originated fromofficial trade balance data and their categorizat ion

according to var ious age group was done on the basis o fnegotiat ions

with experts.

The ENCONAN modelwas built- in into nationalcode HAVAR used

in CR for simplified assessment ofaccidentalreleases ofradionuclides

fro mnuclear facilit ies. The modificat ion ofthe ENCONAN for

purposes ofassessment ofradio logicalconsequences ofroutine

releases ofradio nuclides to the environment was introduced to national

code NORMAL. Partial co mpar ison ofthe dynamic ingest ion model

included into HAVAR product with the corresponding food chain

modelon COSYMA code has been per formed with special attention to

iodine transport. The results are presented in ref. [21].

Fromthis fo llows that the obsolete static modeling ofingest ion

pathwaywas subst ituted bydynamic FCM and that there is a certain

level ofknowledge ofthe problem. Many ofmodel parameters have

been alreadyinvest igated and realdata collected [6]. Allthis means a

good starting posit ion for assessment ofFDMT adequacy and its

customization.

final - 7 - 31.8.1999

The fo llowing areas were already invest igated in relat ion with

applicat ion ofENCONAN model:

Plants considered :

· Leafyvegetables (spr ing)

· Leafyvegetables (autumn)

· Root vegetables

· Fruit vegetables

· Winter wheat

· Spring bar ley

· Potatoes

· Fruits

· Maize + maize bulbs

· Beets + beet leaves

· Grass - 1. harvest

· Grass - 2. harvest

· Grass - 3. harvest

Addit io nalplants have been selected for RODOS FDMT customizat ion

according to their importance on human consumpt ion. The select ion

was done on the basis of[8, 9] where the corresponding complete

distr ict-average production values are available.

Plant characterist ics :

· Beginning ofthe plant growth

· Harvest time

· Delay for consumpt ion

· Yield ofthe plant (leaves area) during the vegetation per iod [kg/m 2 ]

· Dr ycontents

· Yield ofthe plant at time ofhar vest final - 8 - 31.8.1999

Supplement 3 describes so me ofthe data recent lyco llected for

purposes of food chain calculat ions according to for mer model

ENCONAN generallyused in the Czech Republic.

Annual consumpt ion rates for different age categories were found for

the fo llowing main foodstuffs :

· Leafyvegetables (spr ing)

· Leafyvegetables (autumn)

· Root vegetables

· Fruit vegetables

· Cereals

· Potatoes

· Fruits

· Cow milk and milk products

· Eggs

· Beef

· Pork

· Poultry

Feeding diets ofanimals :

Number of feedstuffs and corresponding intake rates are defined for

cows, bulls, heifers, pigs, and poultrybased on expert studies and

mainlyon publicat ion [7]. Further discr iminat ion is introduced for

summer and winter diet. ENCONAN data for feeding rates are given in

the supplement 3.

As for time delays for processing, distr ibut ion and consumpt ion of

feedstuffs and foodstuffs,

the values were usuallyest imated for the modelENCONAN ( suppl. 3)

fro mpartial publicat ions or on the basis ofnegotiations with var ious

experts. The update for RODOS FDMT is ongoing on the basis o fref.

[7].

Besides the items ment ioned above manyusefulnuclide dependent and

nuclide independent parameters were collected, which can be used in

further FDMT customization.

final - 9 - 31.8.1999

1.2 Conclusion related to adequac y of FDM T for the

Czec h Republic

On the basis ofprevious exper ience we can conclude that FDMT

modelrepresents a new sophist icated toolwhich could subst itute the

for mer simpler models. It complies with the structure ofthe food chain

modeling considered for Czech Republic and affords more detailed

modeling with potentialhigher precisio n provided that the modelwill

be fed by reliable local input data. Adverse effect for FDMT users is

fact that the necessar ydata items are extremely extensive and cover

much broader range what results to time consuming and tough process

ofdata collect ion.

As for construction ofthe complete set ofinput values and their

actualization it seems to be never ending process. Last section ofthis

report describes the data collect ion, where at least four sources should

be taken into account in order to reach reasonable compro mise, which

could enable to start realcalculat ions:

1. To start with exist ing data being collected recent ly for the former model

ENCONAN

2. Mining ofthe other necessar ylo caldata fromvar ious external provider s and

its merging and reconstruction to proper for mat

3. For the values which are not available and cannot be reconstructed is

necessar yto take some temporarymeasure:

· define it onthe basis o fcooperation wit h expert teams

· using for some temporaryper iod the default values (see [16] -

ModelPar. for CentralEuropean Cond. - Appendix E )

4. Exchange ofdata for similar condit ions between RODOS teams fro m

var ious countries

Collect ion and construction ofFDMT data for Czech Republic are

submitted to internalqualit y assurance procedure within the

�Accreditation ofthe RODOS for its use in Czech Republic^ task. For

alldata its source and future maintenance should be clear ly defined

and the values have to complywit h the parameters explicit lydefined in

the corresponding obligatorygovernmentalregulatio ns ( mainlythe

new Atomic Law). The results are summar ized in ref. [18] final - 10 - 31.8.1999

2 Definition of radioec ological regions for the Czec h Republic

Concept ofradioecological regio ns has been introduced in order to

account for differences in climate, pheno logicalcharacterist ics,

agr iculturalproduction and feeding regimes, ingestio n habit s etc. An

attempt was done to define radioecological regions for Czech Republic

on the basis ofmore profound analysis. Many successful relat ions with

var ious inst itutes has been established that seemto be good partners

for the future cooperation and expert judgments. Unfortunately, there

does not exist regular and continuous investigation ofthe FCM

problems and governmentalcoordinat ion is ver ypoor. Insufficient

exist ing data and lack ofmanpower and financial resources for external

cooperation led to decisio n to adapt in the first stage some simpler

solut ion. Then, three radioecological regio ns were declared on the

basis ofalt itudes. There are some prospects to continue in more

profound analysis per formed on the basis ofcooperation with a special

expert team(potentialmembers were found), mainly on the basis of[3]

where an attempt for the new regio nalisat ion is introduced.

Comment : An important modification has been introduced in the

FDMT structure for facilitating adaptation to different regions. The

RODOS gridded environmental database will contain information on

soil type for each grid point individually. For the Czech territory the

information is already available for each tile 1x1 km (more detailed

information on soil type data are in the next paragraph 4 on LCMT

data for CR). Then, the soil type dependant parameters (such as soil-

plant transfer factors) are calculated individually for each tile. As a

consequence, the soil type parameter can be excluded from the

definition of the number radioecological zones. This decreases the

necessary number of radioecological zones and leads to substantial

reduction of input data volume.

The simplified concept ion ofradioecologicalzone definit ion based on

pure elevat ion basis was discussed wit h partners fro mthe Czech

Hydro meteorologicalI nst itute (department ofagrometeorology), the

Czech Agr iculturalUniver sit yand Research Inst itute for Plant

Production. Definit io n ofradioeco logicalzones was done

automat ically on the basis o fselect ion fro mthe intermediate gr idded

file (see fig. 1) according to elevat ions. Corresponding picture fig.1

was created byplot of82 138 points according to selection cr iter ia:

RODOS(WG3) ˘ TN(98) - 14 FDMT Customisation for CR

final - 11 - 31.8.1999 h < 450 m above sea => region no. 1 (yello w color in fig. 1 - light grayin b&w)

450

h 700 m => region no. 2 (cyan color in fig.1 - grayin b&w) h 700 m above sea => region no. 3 (black color in fig.1 - black in b&wnonagr icultural)

The definit io n was confront with a set ofagro-climat ic maps [1] for severalproducts and some facts from[2] and [3] br ing good arguments for the compromise. For example on the fig. 2 is a map ofbeginning of har vest ofwinter-wheat for territoryofBohemia cover ing t ime per iod

1931 - 1960 , according to [1] (our digitalization ofthe map picture).

Color scale covers date scale fro mJuly5 (red), July 20 ( yellow),

August 5 ( green) , ....to August 14 (dark green-blue). It represents sur face mapping ofthe delay range ofharvest beginning fro mJuly5 to

August 14. For purposes ofcompar ison we have reduced the color range to 4 categories- see fig. 3. Then, when co mpar ing the colored figure 1 with 3, we can declare a certain resemblance. Moreover, the same result can be find when compar ing discr iminat ion on 3 radioecological zones fro mfigure 1 with another map no. 14 from[1]

- AgroclimatologicalZoning ofCSR (1971). Here the discr iminat ion according to average temperature on the territorywas done. Three basic categories were introduced as:

· areas with high temperatures

· areas with mild temperatures

· areas with low temperatures

Also fromthere considerable resemblance with our 3 zone classificat ion can be found.

RODOS(WG3) ˘ TN(98) - 14 FDMT Customisation for CR final - 12 - 31.8.1999

Addit ional important infor mat ion related to selected radioeco logical

zones are shown in tables 1, 2 and 3 , derived fro mthe Statist ical

Yearbook ofthe Czech Republic 1997 [8] . The results are obtained

fro mthe measur ing po ints being more or less regular lyspread over

CR. Table 1 gives measurements from22 meteorologicalstations and

the results stand for 1996 year. The similar values are given in table 2,

but it represents long-termclimat ic means 1961 - 1990. Important

values direct lyconnected with the plant grow are given in table 3

where mo nthly and annualso iltemperature means valid for 1996 year

are presented.

Table 1 : Selected climatic datafrom various meteorological stations:

year 1996

Meteorologic

alstation in

CR

Radio-

ecological

zone

Alt itude

( m)

Year average

air

temper.( ° C)

Precipitation

( mm/y)

Sunshine

(hours)

Doksany 1 158 7,5 465,7 1447,1

Velke 1 196 8,4 524,6 1750,9 final - 13 - 31.8.1999

Pavlo vice

Holesov 1 224 7,5 650,7 1623,4

Semcice 1 234 7,5 618,1 1485,2

Brno,Turany 1 241 7,7 537,4 1675,5

Mosnov 1 251 6,9 837,5 1390,3

Olo mouc 1 259 7,4 598,3 1632,9

Praha, Kar lo v 1 261 8,1 509,5 1467,1

Hradec

Kralo ve

1 278 7,8 628,3 1603,9

Kucharovice 1 334 7,1 573,9 1783,5

Praha,

Ruzyne

1 364 6,5 513,4 1521,6

Ceske

Budejovice

1 388 7,1 712,8 1518,9

Liberec 1 398 5,9 866,9 1405,7

Klatovy 1 430 6,8 675 1441,9

Velke

Mezir ici

2 452 6,4 692 1598

Tabor 2 461 6,3 616,8 1378,1

Cheb 2 471 6,1 526,8 1342,6

Pribys lav 2 530 5,8 583,8 1583,8

Svratouch 3 737 4,8 702,6 1600,2

Milesovka 3 833 3,8 615,2 1529

Churanov 3 1118 3,4 1110,1 1499,2

Lysa hora 3 1324 2,3 1475 1521,3 final - 14 - 31.8.1999

Fig. 2: Differences in harvest time ofwinter-wheat on the Czech territoryt ime per iod

1931 - 1960 , according to [1], 10 colours covers date scale fro mJuly5 (red), Jully 20

( yellow), August 5 ( green) , ....to August 14 (dark gereen-blue) final - 15 - 31.8.1999

Fig. 3: Differences in harvest time ofwinter-wheat on the Czech territory, time per iod

1931 - 1960 , according to [1], reduction offig. 2 to 4 colours cover ing July5 (red),

Jully 20 ( yellow), August 5 ( green) , ....to August 14 (dark gereen-blue) final - 16 - 31.8.1999

Table 2: Selected climatic data from various meteorological stations:

Long-term climatic means 1961 - 1990

Meteoro-

logical station

in CR

Radio-

ecological

zone

Alt itude ( m) Year average

air temper.

( ° C)

Precipitation

( mm/y)

Sunshine

(hours/y)

Doksany 1 158 8,5 455,9 1444,7

Velke

Pavlo vice

1 196 9,3 490 1776,2

Holesov 1 224 8,5 615,4 1660,1

Semcice 1 234 8,7 578,7 1573,6

Brno,Turany 1 241 8,7 490,1 1677,4

Mosnov 1 251 8,2 701,8 1566,5

Olo mouc 1 259 8,7 570 1616,7

Praha, Kar lo v 1 261 9,4 446,6 1611

Hradec

Kralo ve

1 278 8,5 616,8 1621,8

Kucharovice 1 334 8,5 470,5 1792,6

Praha,

Ruzyne

1 364 7,9 525,9 1668,3

Ceske

Budejovice

1 388 8,2 582,8 1564,3

Liberec 1 398 7,2 803,4 1388

Klatovy 1 430 8 599,8 1548,8

Velke

Mezir ici

2 452 7,2 594,4 1592,1

Tabor 2 461 7,6 578,8 1349,6

Cheb 2 471 7,2 560,1 1420,1

Pribys lav 2 530 6,6 675,3 1552,5

Svratouch 3 737 5,7 761,5 1548,9

Milesovka 3 833 5,2 544,9 1703,1

Churanov 3 1118 4,2 1090,7 1691,7

Lysa hora 3 1324 2,6 1390,8 1472,5 final - 17 - 31.8.1999

Table 3 : Monthly and annual soil temperature means: 1996

Temperatures in depths of soil: 5, 10, 20 cm

Measuring

station

Depth Mean monthly soil temperature ( C)

(altitude) (cm) 1. 2. 3. 4. 5. 6. 7. 8. 9.

Doksany 5 -2,4 -2,5 1,4 10,5 15,8 21,2 20 20,4 12,8

(158 m) 10 -2,2 -2,4 1,2 10,3 15,6 21 19,9 20,6 12,9

20 -1,7 -2,1 0,9 9,4 15 20,5 19,4 20,3 13,2

Pohorelice 5 -0,7 -1,9 1,2 9,2 17,5 21,8 21,2 20,5 14,4

(183 m) 10 -0,6 -1,8 1,1 9 17 21,4 21 20,3 14,6

20 0 -1,4 0,9 7,9 16,4 20,6 20,7 19,9 14,5

Zatec 5 -1,2 -2,1 -0,3 7,8 14,5 19,1 19,1 19,4 13,6

(201 m) 10 -1 -2,1 -0,4 7,4 13,8 18,3 18 18,8 13,5

20 -9,8 -2 -0,5 7 13,3 17,8 17,7 18,5 13,4

Slavonin 5 -1,3 -2,6 -0,5 7,6 16 18,9 17,7 17,8 13

(225 m) 10 -0,9 -2,2 -0,4 7 14,6 18,4 17,5 17,9 13,3

20 -0,5 -1,9 -0,5 6,4 14,1 18,1 17,5 18 13,6

Kromeriz 5 -2,3 -3 0,4 9,6 16,3 21,1 20 20,3 12,6

(235 m) 10 -1,8 -2,6 0,3 9,5 16,2 20,9 20 20,3 12,9

20 -1 -2 -0,1 8,8 15,3 19,8 19,2 19,7 13,1

Opava 5 -0,8 -2,4 -1,3 4,4 13,3 17,6 17,6 17,6 11,7

(272 m) 10 -1,5 -2,3 -1,3 3,8 13 17,3 17,4 17,5 12

20 -0,8 -1,8 -1,1 3,6 12,7 17,1 17,1 17,4 12,3

Liberec 5 -1,1 -1,8 -0,7 4,7 11,6 16,2 16,9 18 12

(398 m) 10 -0,4 -1,4 -0,5 4,2 11,1 15,5 16,2 17,5 12,2

20 0,2 -1 -0,2 3,7 10,7 15,1 15,7 17 12,3

Havlickuv Brod 5 -0,9 -1,4 -0,5 7,4 13,9 18,2 17,5 17,8 12,5

(455 m) 10 -0,6 -1,2 -0,3 7,2 13,8 18,2 17,6 18 12,8

20 0 -0,9 -0,2 6,4 13,4 17,1 17 17,5 12,7

Vyssi Brod 5 -1,6 -4,7 -2,9 4,8 12,5 18,6 17 16,8 11,5

(595 m) 10 -1,3 -4 -2,8 4,6 12,5 17,8 16,7 16,8 12,1 final - 18 - 31.8.1999

20 0,2 -2 -0,9 4,3 11,7 16,5 15,8 16 12,3 10

Act ivit ies in RODOS customizat ion should reflect significant findings

ofthe Czech technicaland scient ific societ y. The new facts should lead

to changes in so far accepted strategy. Such an examp le should ser ve

the latest publication [3], where the new mult i-parametric concept for

regionalisat ion ofCzech Republic is descr ibed. Reliefo fterrain,

pedological character ist ics, hydrologyand climat ic data ofregions are

investigated together. Such input are used thirt y year ( 1961 - 1990)

time ser ies ofmeasured temperatures and precipitat ion which are

correlated with relative and abso lute alimetric data. Distribut ion of

ther malenergyand humidit yis considered as a main feature for

discr iminat ion. The new regio nalisat ion for the who le Czech Republic

fro m[3] could replace our present single - parametric definit ion o fthe

radioecological regions based on elevation basis.

The new results from[3] are described in the conclusio n paragraph of

this report on fig. 7 where six categories are distinguished. Here we

have done the further reduction ofthe map to 3 basic categories

according to the globalvar iable oftime per iod, when grow condit ions

for vegetation are favorable (temperatures above 10 o C, the term

^vegetation per iod~ is used on figure 2). Thus we can define the new

discr iminat ion ofthe Czech Republic on radioecological regions

(displayed on fig. 4) which represents more realist ic approach.

Anyway, it can be noticed strong resemblance between figures 1 and 4.

Fig. 4 : Alternative improved definition of the radioecological zones

for the Czech Republic based on the newmethodology from [3] final - 19 - 31.8.1999

3 Data collection f or pur poses of FDM T customization f or the Czec h

Republic

3.1 Data collection f or eac h individual region:

Regionalstatist ics were collected in the Czech Republic until 1991.

Since this time there are available only so me nonsystemat ic data from

individualmeasur ing fields. The structure ofthe agricultural

production has changed substant iallyand deep changes in allfields are

expected. Unfortunately, the process ofrestructuralisat ion is not so far

well defined what results in deep recessio n ofthe branch. The main

adverse features influencing agr iculturalproduction are:

- unclear owners relat ions

- high pr ices ofchemicalfert ilizers

- lack ofnaturalfertilizers and decreasing fertilit y ofso il

- decreasing ofsowing areas final - 20 - 31.8.1999

- dramat ic decrease o fthe numbers ofanimals

Then, the differences between radioeco logicalregions are defined

either on basis o fold time ser ies or some new nonsystemat ic particular

measurements on trialfie lds and expert judgements. In all cases, the

process ofthe data collect ion is continuous ongoing procedure and

emphasis on the data maintenance should be done when all expected

changes have to be reflected.

Such a basic mater ial for the localparameters definit io n was accepted

the RODOS report [16] on FCM modelparameters. RODOS default

values are more or less appropriate for mid Europe. The values were

checked against known localvalues and will be subst ituted in the case

ofremarkable differences. The default values were used when no

reliable source ofthe localdata has been found. Slight local-specific

modifications have been done in the structure ofthe plant species,

foodstuffs, feeding diet and consumpt ion rates. The exper ience fro m

the for mer localFCM modelENCONAN was applied (see suppl. 3). A

certain co llected localdata were sent to the extended appendix E

(ModelParameters for CentralEuropean Condit ions) ofthe jo int report

[22] .

Differences between radioeco logicalzones ar ise mainly due to climat ic

condit ions. The main effect is shift in vegetation per iods of14 to 20

days between zone 1 and 2. The third zone covers highland and

mountain areas with rather low agriculturalproduction. The change in

plant production is adjusted implicit ly for each t ile (e. g. zone number)

according to correlation o fthe district average value wit h other items

valid for the tile 1 x 1 km. Otherwise, the structure ofthe plant

cult ivat ion, feedstuffs and foodstuffs production and processing and

consumption habits are assumed to be similar in all regio ns.

3.2 Definition of pr oduc ts

Official data related to crop and consumpt ion were extracted from[9,

10, 17 ], feeding diets ofanimals were checked with [7]. The select ion

ofthe number ofplants, anima lproducts, foodstuffs and foodstuffs

were selected onthe basis ofrelative importance ofthe particular items

in the references [7, 9, 10, 17 ].

Plants:

final - 21 - 31.8.1999 plant sowing areas (ha)

Winter wheat 773909

Spring wheat 60228

Winter bar ley 158118

Spring bar ley 495333

Trit icale 15068

Rye 75740

Oats 77823

Early potatoes 18604

Late potatoes 48316

Maize corn 34985

Maize green 269213

Beet 104515

Beet leaves

Rape 299769

Leafyveg. spr. 4290

Leafyveg. aut. ~ 7000

Root vegetables ~ 14200

Fruit vegetables ~ 55000

Fruits

Berr ies

Mushrooms

Alfalfa + clo ver 231400

Grass - I 195700

Grass - E

Hay-I

Hay-E

Leafyveg. spr.: lettuce, spinach, k ohlrabi, radish

Leafyveg. aut.: cabbage, cabbage (savo y), cauliflower

Root vegetables : carrot, parsley, celer y, onion, gar lic

Fruit vegetables : tomato, been, peas, cucumber

Fruits : apple, pear, apricot, peach, cherr y, sour cherr y, final - 22 - 31.8.1999 strawberr y, plum

Berr ies : raspberr y, currant, grape

Distr ict-average values for allplants are taken from[10]. A part ofthe

originalfile is descr ibed in supplement 2. The file is merged to the

inter mediate gridded file, when the averaged values are correlated with

other tile ent ities and recalculated to the gr idded data (more detailed

descr ipt ion is in [18] where qualit y assurance procedures for localdata

are descr ibed).

Animal products:

When deducing the importance ofparticular animals products on the

basis ofdata fro m[17] the fo llowing animal products have to be

selected for CR:

cow´s milk

beef (cow )

beef (bull)

pork

veal

chicken

eggs

rabbit

Note: fish meat fro m localproduction is negligible (one time

consumption dur ing Chr ist mas)

Feedstuffs:

On the basis of[7] and ENCONAN input data ( [ 4, 5, 6 ] and suppl. 3)

the fo llowing feedstuffs (and the corresponding feeding rates) were

selected:

cereals + straw

grass

hay final - 23 - 31.8.1999 grass E

hay E

silage maize

maize bulbs

potatoes

beet

beet leaves

skim milk

dr ymilk

whey

Foodstuffs:

Using reference [17] the fo llowing foodstuffs are selected (gross

annual consumpt ion rates for 1996 are also presented):

1996 consumption

(kg/y /person)

beef 85.3

veal 0.3

pork 49.2

poultry 13.6

rabbit 3,4

fresh milk 187.8

condensed milk 3.7

cheese (rennit) 1.8

cheese (acid) 4.7

butter 4.2

wheat flour 113.8

r ye flour 87.0

oats bran 2.0

potatoes 77.2

eggs 13.8

Leafyveg. spr.: 4.0

Leafyveg. aut.: 19.2

Root vegetables : 25.4 final - 24 - 31.8.1999

Fruit vegetables : 30.5

Fruits : 32.3

Berr ies : 6.9

mushrooms 1.4

beer 157.3 l

dr inks non-alco. 127.0

3.3 Nuclide indepe nde nt FCM parameters (region

depe nde nt)

Data related to yield ofproducts, LAI values, character ist ics of

vegetation per iods, soil properties, weather ing rates, growth dilut ion

rates and irr igat ion parameters should be defined for each

radioecological zone and the data have to be restructuralised ever y

time when the definit io n ofthe radioecologicalzones is improved. This

seemed to be the most difficult task and as was ment io ned above

severalpossibilit ies ofthe data acquisit ion have to be taken into

account, including ENCONAN data being co llected recent ly,

continuous mining ofthe further and more precise data fromvar ious

externalproviders, using for some temporaryper iod the RODOS

default values (see [16]), exchange ofdata for similar condit io ns

between RODOS teams fromvar ious countries and , mainly, definit io n

onthe basis ofcooperation with Czech expert teams.

Some results ofinvest igat ion are summar ized bellow. The facts were

found on the basis ofcooperation with expert teams fro mthe fo llowing

Czech inst itutions:

· State Health Inst itute - see expert analysis [19]

· Czech Agr iculturalUniver sit y(climatology, pheno logy)

· Research Inst itute for Soiland Water Conservat ion , Prague-

Zbraslav

· Department ofCartographic and Geo infor mat ic, Facult y of

NaturalSciences, Char les Universit y, Prague

· Czech Institute for Hydrometeorology(dept. ofagroclimatology)

· Ministr yofAgr icultural, Ministr yo fLiving Environment final - 25 - 31.8.1999

· RICP : Research Inst itute ofCrop Production, Prague - Ruzyne

(depts ofAgroecology, Plant Nutrition, Plant Medicine, Genet ics

and Plant Breeding, Genebank)

In Q2/99 further expertise ofcollected localdata was done, when

default values ofFDMT for CentralEurope were compared.

Corresponding expert judgement was done byinst itutes:

· RICP

· Potatoes Research Institute ˘ Havlickuv Brod

· Agr iculturalResearch Institute ˘ Kromer iz

· Research Inst itute for Fodder Crops ˘ Troubsko, near Brno

· Research Inst itute ofAnimal Production ˘ Praha ˘ Uhr ineves

· Research Inst itute for AnimalNutr it ion ˘ Pohorelice, near Brno

The judgement has been done on the ^fr iendship~ basis and responses

were somet imes rather br iefand for mal. Nevertheless, a certain

interest ing results have been brought. But overall so lut ion should be

done in future on the commercialbasis, when former time ser ies (unt il

1991) should be processed and the results have to be correlated with

the rapidly changing condit ions ment ioned above.

Two possible ways exists how to generate the region dependent data:

· exper imentalmeasurements

· mathemat ical modeling

Exper imentalway should be realised in a certain number of

representative stations and represents expensive and long-termact ivit y.

Mathemat ical modeling closely connected to experiments means great

advance in the fields. The methods are used in the Research Inst itute of

Crop Production and theirs experts have offered to RODOS project

further cooperation in future.

------------------- note - begin -------------------

Note on mathematical modeling of plant growth and yield used in

the institute RICP :

In the past two decades manymodels ofplant growth and plant yield

have been developed. Theydiffer greatlyin their aim, co mplexit yand

universalit y. In plant production, both, models descr ibing crops

RODOS(WG3) ˘ TN(98) - 14 FDMT Customisation for CR

final - 26 - 31.8.1999 development at the scale ofone specific field and models at the scale

ofregion were used. The first are generally more exact and detailed in

terms ofso il, plant and climat ic condit ions parameters. The latter are

applicable for wide var iet yofcrops and theydo not need detailed

input parameters, especially as for soil, that are often not available.

In the RICP theytested several models such CANDY, AFRC,

MODWht2, CERES, WOFOST, SUCROS, LINTUL or LEACHM.

The availabilit y ofreliable input soil, plant and weather parameters is

crucialfor validat ion (and calibr ation) ofa modelto obtain reliable

output results. There is the great amount ofexper imental data fro m

var ious so iland climat ic condit ions fro mthe past and running field

exper iments in RICP (some of) that could be used for the aim.

As an example so me data produced in RICP with WOFOST model for

Prague-Ruzyne are shown. WOFOST (World Food Studies) was

developed in the Nether lands, so me parts ofit were derived fro molder

models (e.g. SUCROS ˘ Simple and UniversalCrop Growth

Simulators). It is part ofCGMS (Crop Growth Monitoring System) ,

used in the frame ofGIS (grid cover ing the whole EU) for prediction

ofcrop yields. similar lyto others, the modelshould be taken as a great

simplificat ion ofrealit y.

In the fo llowing fig. 5 some results ofsimulat ions for LAI

development are shown.

Fig. 5: The simulated development of LAI in Prague-Ruzyne in 1973 and 1978 .

�

�

�

�

UDSH�

UDSH�

EHHW�

EHHW�

ZKHDW�

ZKHDW�

’$<

/$,

RODOS(WG3) ˘ TN(98) - 14 FDMT Customisation for CR final - 27 - 31.8.1999

Table 4: Average data, variability and range of observed and simulated crop and meteorological parameters in Prague (1961-1993, field data every other year from

1965 to 1993) meteorological parameters :

Avrg.

temper ature

sun days

rain mm

rain Avrg.

temperature

radiat ion rain mm mo nths I -XII XI-III

(= cca winter supply)

IV-VII

( main per iod - cereals) average 7,9 4,6 487 137 13,5 15,6 251 coefficient of var iabil.

8,2 9,7 19 23 6,8 7,7 22,7 minimum 9,1 5,5 678 202 11,1 13,5 149 maximum 6,6 3,6 328 81 15,2 18,1 380

The interannual var iabilit y ofweather condit ions suggests effect on the extent ofvar iabilit yo fgrowth and pheno logy, i.e. development of

LAI, shift in pheno logy, stress factors decreasing maximum LAI etc.

Thanks to a tight relat ion between sumo feffect ive degrees and crop development the var iabilit yshould be simulated well. However, specific so il, ( micro)climate, agrotechnics, cult ivar etc. condit ions would change the realdates in a given field.

Table 4 : continuation product : spring wheat :

observed dayfro m sowing to har vest

simulated sowing to maturit y

simulated sowing to flower ing

( max LAI)

Simulated Max LAI fixed sowing day irr igated rain fed average 141 136 87 5,5 4,9 coefficient ofvar iabilit y

141 137 87 10,6 17,6 minimum 129 123 97 4,0 2,7 maximum 153 146 87 6,4 6,0

RODOS(WG3) ˘ TN(98) - 14 FDMT Customisation for CR final - 28 - 31.8.1999

Observed dayofsowing, harvest and days fro msowing to harvest in exper iments, trials, should be taken as the lowest possible, because unlike far ms, the exper imentalfields are harvest as soon as possible, lighter machiner yis used-allowing to go even to wet fields, exper imentalfields are in better physicalstate, etc. The simulated var iabilit y, range, ofmatur ityday must be by at least 14 days greater, as the dayofsowing ranges up to one month in farm praxis.

Table 4 : continuation simulations for several plants :

simulat io ns

sugar

(fixed

beet sowing)

winter rape (fixed sowing)

Simulated

Max LAI

Simulated

Max LAI

days from sowing to flower ing

sowing to maturit y

Julian dayof maur it y irr igated rain fed irr igated rain fed average 5,2 4,1 5,4 4,0 134,8 281 187 coeff. of var iabilit y

5,5 27 26,4 44,3 minimum 4,5 1,2 2,5 1,3 123 272 178 maximum 5,8 5,4 8,7 6,9 153 301 207

-------------------- end of note on simulation models ---------

3.3.1 LAI - leaf area index of plants

Data on LAI are usually obtained by measur ing (green) leaves area.

However, there is also a relat ivelyhigh area ofgreen organs (up to 1-4) not accounted for in so me crops. E.g.: Stems, ears, buds, in cereals, grasses, winter rape., cones in hops etc.

There are great differences in the development and duration dur ing the year (Leafarea durat ion-LAD), and in maxima lvalues among different years and sites. These are mediated bysite and weat her condit ion. It is difficult to separate the effect ofalt itude and so ilfert ilit y. Cereals are not too sensit ive to altitude. On an average decrease in LAI could be

RODOS(WG3) ˘ TN(98) - 14 FDMT Customisation for CR final - 29 - 31.8.1999

ant icipated over 400-500 min cereals, except for oats, rye and winter rape, above 350 min maize for grain and sunflower. Generally, so ils in lower alt itudes tend to be deeper and more fert ile than in highlands.

However, the war mer regions suffer fro mdrought episodes dur ing spr ing and summer.

The inter-annualdifferences in LAI may be roughly est imated from differences in yields ofhar vested products. It pays especiallyfor the decrease due to droughts. A good correlat ion between LAI and yields are in grasses and other fodder crops.

The development ofLAI is tight ly related with the growth ofplants in the stage of fast (linear) growth and there is a strong dependence on temperature. From it comes that the differences in t he rate ofLAI increase between individual years could be descr ibed bythe progress of

(accumulat ion) sumo feffect ive degrees.

Figure 6 : Experimental results of LAI development in Prague-Ruzyne (average values)

(radioeco logicalzone 1: alt itude = 364 m)

It should be mentioned that the physio logicalact ivit yo fleaves differs according to species, position and the age ofleaves. Older leaves are less act ive in uptake (ofnutr ients). In plant productio n nutrients, especiallyN, Mg, P, micronutrients and hor mones are applied to canopy in relat ively smallamounts (in compar ison with totaluptake fro mso il).

Methods to trace the fate ofleaf-applied co mpounds include the use of radio isotopes, as well.

7K H�G HYHORS P HQ W�RI�/ $ ,�

�

�

�

�

�