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1. I n t r o d u c t i o n

The BIOS (Biological Impact of an Oil Spill) model, a multispecies ecosystem

simulation, was developed at the request of the Outer Continental Shelf Environ--

mental Assessment Program (OCSEAP) , as part of their eastern Bering Sea oil

impact study, This document is intended as a technical reference for the

m i g r a t i o n  s u b r o u t i n e s  o f  B I O S ; descriptions of the overall model structure

are included for clarification when needed.

BIOS simulates uptake of oil contaminants from exposure to contaminated

water and sediments as well as from the consumption of contaminated food.

Sixteen species groups are included in the model (Table 1). Salmon appears

seasonally in the Bering Sea; the impact of an oil spill on salmon has been

modelled by Dr. Nicholas Bax of Compass Systems, inc. (pers. COITBTI .). BIOS

includes deputation of contaminants and effects of fish migrations on the

ecosystem.

The model has been applied to three locations in the Bering Sea (Figure 1):

offshore of Port Moller, Port Heiden, and Cape Newenham. Computed oil

concentrations at each model grid point for 15 days following a hypothetical

oil spill were provided by Rand Corporation. Two scenarios were simulated at

each location: a “blowout’’o ccurringduring a period of high winds and strong

tidal mixing, and a tanker deisel spill occurring during a time of weak winds and

tidal mixing.

We have attempted to determine the maximum impact of an oil spill on the

ecosystem. W i n d  a n d  t i d e .  c o n d i t i o n s  w h i c h  w o u l d  m a x i m i z e  t h e  a m o u n t  o f  o i l

entering the water column were determined by Sc

Avoidance of  o i l  by  mobi le  f ish  s p e c i e s  i s  n o t

e x p o s u r e  t o  o i l . Finally, the migrations of se

ence Applications, Inc.

ncluded, allowing maximum

ected fish species across
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Figure 1 --- Locations of hypothetical oil spills in the eastern Bering Se~.
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T a b l e  1 . --BIOS model species groups

Species number Species name

1 Herring juveniles

2 Herring adults

3 Pol lock juveniles

4 Pol lock adults

5 Pacific cod juveniles

6 Halibut juveniles

7 Yellowfin  sole juveniles

8 Other flatfish juveniles

9 Yellowfin  sole adults

10 Other flatfish adults

11 Pacific cod adults

12 King and Bairdi crab juveniles

13 King and Bairdi crab adults

14 Mobile epifauna

15 Sessile epifauna

16 tnfauna
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the model grid maximizes the spatial extent of contaminated food. Contaminated

fish may also migrate beyond the model grid (i.e., beyond the location of the

oil spill) , and their effect on the entire eastern Bering Sea ecosystem may

be examined by tracing their possible migration routes until deputation is

complete.

2. Sequence of Model Calculations

The BIOS model is comprised of three sections, as shown in Figure 2. The

main program controls the model flow, the feeding subroutine computes uptake

of contaminants through consumption, and the migration subroutines simulate

fish migrations and uptake of contaminants by exposure to oil in the water or

sediments.

At the start of each daily model time step, the main program reads in the

concentrations of oil (in parts

gridpoint: the “water soluable

suspension in the water column,

at the sediment-water interface

in a separate model (Laevastu s

per billion). Two values are read at each

fraction”, including oil dissolved or in

and the “tars” (weathered oi 1) , which concentrate

and within the sediments. The tars are computed

Fukahara, 1984) .

After  reading the  o i l  concentra t ions, the main program calls the feeding

subroutine, FEDOIL, which is described in detail in Gallagher,

feeding subroutine calculates the uptake of contaminated food, (

fish contamination values, and returns to the main program, wh

the f i rs t  migrat ion subrout ine ,  MIGR.

1984. The

updates the

ch then calls

Subroutine MIGR loops through the species list and assigns various parameters.

Species-specific choices include: whether or not the species migrates (a

function of season), the migrating fraction of the biomass, the migration velocity
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) MAIN

output

> s FEDOIL

I

> ‘ MIGR

v

RANNAK

M a i n  P r o g r a m

Di rects sequence of
model calculations,
reads input and prints
Output.

Feedina Subroutine

Computes uptake of contaminants
through consumption of
contaminated food.

Figure 2. --Sequence of BIOS model calculations.

M a i n  M i g r a t i o n  S u b r o u t i n e

Directs sequence of migration
computations. Sets species-specific
parameters and velocities, calculates
uptake from exposure to oil and
deputation.

Migration Calculation Subroutine

Calculates actual migration and
redistribute contamination over model
grid. Calculates amount of contaminated
biomass leaving the model region.
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a n d  d i r e c t i o n , a n d  u p t a k e  a n d  d e p u t a t i o n  r a t e s . If the species is migrating,

MIGR calls RANNAK, which performs the actual migration calculations. On

return to MIGR, uptake and/or deputation are calculated, species contamination

arrays are updated and selected results are printed. After all species have

been considered, MIGR returns to the main program, which prints selected

outputs, increments the time step and continues through the next day’s

calculations.

3. Technical Specifications of Migration Subroutines

The model calculations for the two migration subroutines, MIGR and RANNAK,

are diagramed in Figure 3. MIGR is only called once each model time step

(LL) ; RANNAK is called once for each migrating species (J) during each time

step.

and/or

to the

If

if a species does not migrate (IFMIG = 0), MIGR calculates the uptake

deputation of oil over one day (as described below) and continues on

n e x t  s p e c i e s .

a species does migrate, MIGR assigns the species-specific migrating

fraction and migration speed and direction. The model is presently designed

to simulate either alongshore or cross-shore migration (MIGDIR  = 1 for

cross-shore migration and = 0 for alongshore migration). In addition, migration

can e

ve 1 oc

ve 1 oc

ther be toward shallow (KE = 1)

ty is assumed constant over the

ties (in km/day) are calculated

fisheries survey data. The model can

variations of migration velocities.

The areal extent of each model led

or deep (KE = 2) water. The migration

model grid for any one species. Mean

from biomass distributions estimated from

be easily modified to include spatial

region is on the order of the station

spacing in survey cruises. However, the finer model grid spacing (2 km) is
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MIGR

Loops through each species (J)
Checks: Does species migrate? ,

No ( Ml G=O) Yes (I FMiG=l)

Sets up
+

parameters
KE (to shallw or deep)
MIGDIR  (cross-=shore/alongshore}
R P  ( m i g r a t i n g  f r a c t i o n )
U ,  V  ( b a s i c  v e l o c i t y  c o m p o n e n t s

+
S e p a r a t e s  c o n t a m i n a t i o n  o f  m i g r a t i n g
f r a c t i o n  o f  b i o m a s s  a n d  p u t s  i t  i n t o
a r r a y  S 1

+ I
~ RANNAK

Calls RANNAK

Computes uptake through exposure to
oil and deputation over 24 hours.

1
Returns to main  program

Calculates
Sets up ve

(UPR and
Calculates

8 times per species
ocity fields
VP R) .
contamination

leaving a grid point,
removes it from array
OLD and adds it to array
ANEW.

C o m p u t e s  a m o u n t  a n d  c o n t a m -
i n a t i o n  o f  b i o m a s s  l e a v i n g
g r i d .

A f t e r  8 m i g r a t i o n  s t e p s ,  p u t s
c o n t a m i n a t i o n  b a c k  i n t o
array S1 and returns to
MiGR

Figure 3. - - S e q u e n c e  o f  c a l c u l a t i o n s in BIOS migration subroutines.
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necessary to resolve maximum oil concentrations. T h e  b i o m a s s  f o r  e a c h  s p e c i e s

is therefore assumed to be constant over the grid. Initial biomass estimates

were computed using the DYNUMES eastern Bering Sea ecosystem simulation model

(Laevastu and Larkins, 1981). The simulated migrations do not redistribute

the biomass over the grid. Instead, since the total duration of a model run

is only ten days, it is assumed that biomass is conserved at each grid point,

but  that  the  f ish  contaminat ion is  red is t r ibuted over  the  gr id .  T h e

contamination of

in parts per bil’

each species at each grid point is stored in array

ion (pg oil per kilogram biomass). As MIGR cycles

01 LCON

through

each species, the contamination for that species is put into array S1. If

a species migrates, the amount of contamination in the migrating fraction of

the biomass (RP) is stored in array S3, which is then sent as an argument to

RANNAK, along with J,

RANNAK determines

KE sent from MIGR and

MIGDIR and KE.

the velocity components from the values of MIGDIR and

sets up arrays of the u-component (UPR) and v-component

(VPR) of velocity at each grid point. The u- and v-components of velocity for

each of the four possible migration patterns (Ulj V1 for cross-shore migration

to shallow water; U2, V2 for cross-shore migration to deep water; U3, V3 for

alongshore migration to shallow water; and U4, V4 for alongshore migration to

deep water) are stored in common block BLKV. If a constant velocity is used

over the entire model grid, the appropriate u-component is assigned to each

element of array UPR, and the appropriate v-component is assigned to each

element of VPR. Specific velocities may, on the other hand, be assigned at

any grid point if spatial variation is desired.

The migration calculations in RANNAK are performed 8 times, with a

migration time step of 3 hours (TD = 0.125 days) for stability. The stability

criterion is:

umtd < L (1)



-9-

where U~ is the maximum migration speed (

step in days (TD in FORTRAN code) , and L

in the model).

n km/day) ,

s the grid

‘d is the migration time

spacing in km (AL = 2.0

D u r i n g  e a c h  o f  t h e  e i g h t  m i g r a t i o n  p e r i o d s , t h e  f o l l o w i n g  c a l c u l a t i o n s  a r e

performed at al l  grid points. F i rs t ,  the  nearest  gr id  point  in  the  d i rect ion

of migration is determined. That is, the contamination is moved from point

(N, M) to

O,orl.

(Gx) is:

p o i n t  (N+IN, M+IM), where  IN and

The amount of contamination leav

Gx = (Cn m@l
9 n,m)/L

and in the y direction (Gy) is:

G = (Cn mtdlVln ~)/L
Y, >

IM each has a value of either -1,

ng a grid point in the x direction

(2)

(3)

c is the contamination of a species at grid point (n,m) before a migrationn ,m

(array S3 in the FORTRAN code) , U and V are the velocity components at the

grid point (arrays UPR and VPR in the FORTRAN code), and td and L are as

described for equation (1).

At the start of each migration time step, the values in array S3 are put

into array OLD and the elements in S3 are set to zero. The amount of contamination

leaving a grid point is taken out of array OLD and put into array ANEW. The

FORTRAN code for this operation is:

OLD(N,M) = OLD(N,M) - GX - GY

ANEW (N,M+IM) = ANEw (N,M+IM) + GX

ANEW (N+IN,M) = ANEw (N+{N,M) + GY

where GX and GY correspond to Gx and G
Y

in equations (2) and (3) , respectively.

After the calculations have been completed at all model grid points, the

resulting contamination field (the sum of arrays OLD and ANEW) is put into

array S3. When the calculations have been performed 8 times (24 hours) the

array S3, conta in ing the  redist r ibuted contaminat ion, i s  r e t u r n e d  t o  S u b r o u t i n e

MIGR.
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The uptake of contain nants from the water or sediments is simulated by

a logistic formula (Wilson, 1975):

Ct = Cm (1 - e-rt)

where C
t

is the contamination of a species at a

temperature-dependent uptake rate (on the order

contamination of the fish. Rates are estimated

(4)

grid point, r is a species-specific,

of 0.025) and Cm is the lethal

from available empirical data.

Deputation is simulated by an exponential decay of contamination:

Ct = Ct_, e-R

where R is the species-specific expiration rate.

Contamination of the fish is stored as parts per billion (Pg oi

biomass), and is tabulated as a contamination index (contamination

multiplied by time of exposure).

(5)

per kg

n ppm

In order to conserve biomass in the model, two boundary conditions were

enforced. First, fish were allowed to leave the grid at the boundaries in

the direction of migration. The amount of a species’ biomass leaving the

grid and the contamination of that biomass are calculated and stored for

future use. Second, fish may leave the boundaries in the “downstream”

and an equal amount of non-contaminated fish biomass is input to those

boundaries.

region
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A p p e n d i x  A: S u b r o u t i n e  S p e c i f i c a t i o n s

SUBROUTINE MIGR

C a l l i n g  s e q u e n c e :  C A L L  MIGR

Common blocks used:

COMMON/BLKl/NE,  ME, K, LL, ISL

COMMON/OIL/WSF,  TARS

COMMON/BLKOIL/01  LCON

COMMON/BLKV/RATMG,  Ul, U2, U3, U4, Vl, V2, V3, V4

Variables (in alphabetical order)

Al: Angle (in degrees) of direction of cross-shore migration toward deep

water (= ANG1 + 18o).

A2: Angle (in degrees) of direction of alongshore migration toward deep

water (= ANG2 + 180).

ANG1: Angle (in degrees) of direction of cross-shore migration toward

shallow water.

ANG2: Angle (in degrees) of alongshore  migration toward shallow water

CLEFT: Total biomass of a species leaving the model grid during one t

IFMIG: Species-specific parameter equal to 1 if the species is ‘migrat

or O if not.

J: Species number (see Table 1).

m e  s t e p .

n g

KE: Indicator of migration season, equal to 1 for migration to shallow

water or O for migration to deep water.

MIGDIR: Indictor of type of migration. MIGDIR = 1 for cross-shore migration

and MIGDIR = 2 for alongshore migration.

OLDSUM: Total biomass of a species before migration, summed over the model

grid.
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RATEXP: Expiration rate over 24 hours.

RATMG: Expiration rate over 3 hours.

RP: Migrating fraction of a species’ biomass.

SUMNEW: Total biomass of a species after migration, summed over the

model grid.

VELI: Magnitude of cross-shore migration velocity (in km/day).

VEL2: Magnitude of alongshore migration velocity (in km/day).

Arrays (in alphabetical order)
1/

S1: Contamination of a species at each grid point before migration.

S2: Contamination of the non-migrating fraction of a species’ biomass at

each grid point.

S3: Contamination of the migrating fraction of a species’ biomass at each

g r i d  point.

1/ A r r a y s  a r e  d i m e n s i o n e d  (NE,ME) u n l e s s  o t h e r w i s e  s p e c i f i e d .
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SUBROUTINE RANNAK

Calling sequence: CALL RANNAK (J, MI GDIR, KE, S3)

Arguments :

J: Species number (see Table 1).

MIGDIR: Indicator of type of migration, e q u a l  to 1 for c r o s s - s h o r e  o r  2  f o r

alongshore migration.

KE: indicator of migration season, equal

water or 2 for migration toward deep

to 1 for migration toward shal?ow

water.

S3: Array containing contamination of the migration fraction of species J

at each grid point.

Common blocks used:

COMMON/BLKl/NE, ME, K, LL, ISL

COMMON/OIL/WSF,  TARS

CCIMMON/BLKV/RATMG,  Ul, U2, U3, U4, VI, V2, V3, V4

Variables (in alphabetical order):

AL: Model grid spacing, in kilometers.

GONE :

GX: B

GY: B

Biomass leaving

omass leaving a

omass leaving a

a grid point.

grid point in the x-direct

grid point in the y-direct

on.

on.

IM: Indicator of migration between columns in the

from point  (N,M)  to point (N,M+IM). If IM=l,

model grid. Biomass moves

b i o m a s s  m o v e s  o n e  c o l u m n

to the right; if lM=-1, biomass moves one column to the left. If IM=O

there is no x-component of migration from point (N,M).

IN: indicator of migration between rows in the model grid. Biomass roves

from point (N,M) to point (N+IN,M). If IN=l, biomass moves one row

down; if lN=- 1, biomass moves one row up. If IN=O, there is no

y-component of migration from point (N,M).
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KRC: N u m b e r  o f  m i g r a t i o n  t i m e  s t e p s  p e r  d a y .

RATMG:  D e p u t a t i o n  o v e r  o n e  m i g r a t

TD: Length of migration time step

U: U-component of migration veloc

on time step.

( in  days) .

ty .

V: V-component of migration velocity.

Arrays (in alphabetical order)

ANEW: Contamination of migrating fraction of the biomass at each grid

point during migration.

OLD: Contamination

point before m

S3: Biomass contain

of migrating fraction of the biomass at each grid

gration.

nation at each grid point before migration, updated

after each migration time step, when S3(N,M) = ANEW(N,M)+OLD(N,M).

U P R :  U - c o m p o n e n t  o f  m i g r a t i o n  v e l o c i t y  a t  e a c h  g r i d  p o i n t .

V P R :  V - c o m p o n e n t  o f  m i g r a t i o n  v e l o c i t y  at e a c h  g r i d  p o i n t .
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A p p e n d i x  B : Common Blocks

COMMON BLK1:

Statement: COMMON/B LKl/NE, ME, K, LL, ISL

NE: Number of rows in the model grid.

ME: N u m b e r  o f  c o l u m n s  i n  t h e  m o d e l  g r i d .

K: Month of model run.

LL: Model time step (days).

ISL: Land-sea array (dimensioned NE x ME), where O designates a grid point

over land and 1 designates a grid point over water.

COMMON OIL:

S t a t e m e n t :  COMMON/OIL/WSF,  TARS

WSF:  A r r a y  d i m e n s i o n e d  N E  x  M E  c o n t a i n i n g  t h e  s u b s u r f a c e  oil c o n c e n t r a t i o n

(in ppm) at each model grid point.

TARS: Array dimensioned NE x ME containing the concentration of oil on the

bot tom (in ppm) at each model grid point.

COMMON BLKOIL:

S t a t e m e n t :  COMMON/BLKOIL/OILCON

OILCON: Array dimensioned J x NE x ME containing the contamination of each

species  ( in  p p b : pg oil per kg biomass) at each mode? grid point.

COMMON BLKV

S t a t e m e n t : COMMON/BLKV/RATMG, Ul, U2, U3, U4, Vl, V2, V3, V4

RATMG: Species-specific deputation over a 3-hour migration time step.

U]: U-component of migration velocity for cross-shore migration toward

shallow water.

U2: U-component of migration velocity for cross-shore migration toward

deep water.



U3:

U4 :

Ill :

V2 :

V3 :

V4 :

-17-

U-component of migration velocity for a longshore migration toward

shallcw water.

U-component of migration velocity for alongshore migration toward

deep water.

V-component of migrat

shallow water.

V-component of migrat

deep water.

on velocity for cross-shore migration tcward

on velocity for cross-shore migration toward

V-component of migration velocity for alongshore migration toward

stial low w a t e r .

V-component of migration velocity for alongshore migration toward

dee~ water.
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A p p e n d i x  C  - S u b r o u t i n e  L i s t i n g s
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c FCR TEST fiCN# USE EXPXRATICN FATE  CR E)= O.025
c

liATExP=Ex  Pc-RE* 24.)
ilATNG=EM(-i?E*3. )

c
C  LGof’ THiiO~Cii EACP S P E C I E S
c S1=CIINTAHINATION  ASRAY
c

DC 9 9 9  J=1*16
D O  801  N=lzNE
00 t!Ol H=IzNE

8 0 1  s1CNSHI=CXLCCNCJPNSH3
PFINJ 80Z>J>LL>IONE

i?02 Fai41!AT{”lI/iXTIAL  CONTA?!INATION>  S P E C I E S - 1 3 - S  TINE STEP-
813p10x9FAGEwIZ-  ilF 2-/)

PFfINT  t03>CIS1=2>17)
g03 FGRHATC1618/3

PliINT fo4Pccslc  NPn)zH=2f17)sN=l#NE3
804 FCRHATC16F2.2)

FFINT tOZA>LL>ITWl
PSINT 8C3SCISI=189333
PFI?/7  C04s{{Sltti~HlzH=lQ;333sN=l>NE3
IFCJ.GJ.13)GCI  TC 70
lFCJ.GT04 .~?fc.  J.LT.3]Gll  T O  7 0
ZFCJ-G7.1O  .AND. J.LT.131G0 TO 7 0
IFCK.EC.1 ● OR. K*GT-1OIGU  TO 70
HIGDIR=l

c
c CHECK F(X I?XGSATXON  MINTH
C HE ‘---1M)3CJTCR  CF SEASON.
c HE=l {SFl?Xti61 KE=2 CAUTWIN)
c

dCtj  Gc TQC1,Z.3.4,70.70,70.E.9,  2P70P70P  EP70970P70)J
c
c EEi?FiING  JLIENILES  <sPECIES  1~
!-“

1 IFCKeLJ.jotlF. K*GT093GC  TCl 79
KE=Z
G(I TO 5i?

c
c HERRING ACULIS [S’ECIES 21
c

2  KE=l
IFCK.EGs2  -OR* K.EQ.3)GC  TG 58
KE=Z
IFCK.EC.7  .Gfi. K.E4.6)GC  Tt?  5C
GC TU 70

c
c FCLLCCX  JLYENILES <SPECIES 31
c

3  KE=l
‘lFCK.EC.4 .oR.  K.EC.5)CC T o  58
KE=2
IF{K.Ec.9  .Cil.  K.E~.10]GE TO 58
G O  TC 7 0

c
c FGLLUCK  AtiCLTS  CS3ECIES 4 1
c “

4 KE=I
XFCK.GT.i  .A~P.  K.LT.61GC TC 5E
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C

C C1H'E Ervi12)4 -1flAEMIrE2YCflr12 (2b' O YtvD C1YB VDflT1ZC'I2)
C

C

iri c i eiio)cc ic xO
ES

xu'eis vi1c rr.cc ickET
C

C AErICPEII1 C1E VCflhi2 C2bECIE )
C

cc ic
crpg .a1. cI'rocc ic o

WE = S
ihckc1 .Y,ic. riecc ICc v:=i

21W)O'
I(Il(Y)'11EO YIrD fl( W)C1t3)CC IfJ

2 )TbHE
Do =IiE
crD2flH=a2flVE=O

C

C 1E21 II 2E1 yrr wzcviIMe 2bECIE2
C b MICEY1flC 1YCIIOi1
C Eb'V1Y1E )'iOEY1IC YD MCY1It1Y1IIrC BIC4Y22

C cvrcflrvlE kIC!i1f1W2
C

CCLLIH1E
crDfl=CrCfl.2I Clib 4)
22CW)2ICW)-2C4W)

E 2S(H)JC1't)'I3
Co 1
2flW)O

SC11b.4 )=O

IhJ4ICT
2 CC1I11E

2iEMf1iliE +2ICI4)
2IC1 )GPk.2SCibW]
I1cI2rc)ECO)eo 10
2 C1'W ):22C494) .YiEXb
DC Q2 1'=TWE
nc e VTYE
2i0C vccxw vc icvJ.ic iaiuioi

C

C I2r--r1D IYBVE
C 2S - 2EECIE2 QDC1I1C!I1 HIC14 H1CY1EC)
C

cvrr YV1 c1IaDIHbE2s)r

jH 1EYAIL IMT2E\
JOO! kGfkY1C EbH BELCIE KIe iICL=LI2ebXllbh 'L1E

1flh1 Tcoorn2fl2w1E?CrE!.1
crEhl= CfC2f-2flI'Ii

C

C CC.IbSU CE XIC!Y1ICr1 E2Cf12
C
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GC TC 7 7 7
C** ** ** **
c ~CRK xITH PC NTH’S  I N I T I A L  EIC)! ASS I F  NC HIGH ATICN .
c

7 0  00 66 h=l~NE
DC 66 Y=lz XE
SIC H- HI=:l  CNZP)*RATEXP

66 CC NTINUE
IFNIG=O

c’”
C  LFTAKE  CtlhTAFINATISN.  FUR TEST*  U S E  UPTAKE  RAIE=a.025
c

7 7 7  00 778 N=l*NE
c c  778 P=lSME
SICN#Hl=:l{N/P)+CINF*Cl  --RATEXPI

776 CILCGN<JJXZM)=SICN>H)
c

IFCIFHIGoNEcl)GC  TCI 7 7 9
PFINJ 1009zJ*LL

1005 FORFAT{W ICCNTAMINATION CPFH) FOR MIGRATING SPECIES S-12S2XS
~-T114E STEF #“12>10X-PAGE  1  OF 2“/1

GC 7 0  7?0
?79 P51NT  lllC5sJ~LL

1 0 0 5  FCRHAT.C-ICCNTAMINATIUN  (FP?!I  FUR SPECIES #-X2>2X>-TIHE S T E P  4“
&X2P10XwFAGE  1 OF 2-/)

?Etl FIiINl  E03s[I*1=2*17)
PFINT  g04>CCS lCN#H3>ti=2*17)  #N=l#N=

1006 Fall??ATC-l PAGE 2 Or 2-/3
PFINT 100E
PRINT &C3sCIfI=15833)
PFINT  t049CCSlC N*H3PN=13P?33*N=lsNE3

999 CINTINUE
59!?9 flETl!liN

ENG
SUEFCUTIhE  RA?iNAKtJ>liDs HEsS~>
OIXEhSICli  UPK<32~343*VPF C32*341*5EC 129343sISLC32*343

Z~CCtiTAh C3Zs341~CNEM Ci2*?41~ANEhC22sZ4]-0L9C 32z34~
CCHHCYICILIHSFC 12*34)~TAFS<32*34)
CCFHWJELK1/NE>HE>K>LLS ISL
CCkPCN/ELKV/KATEGsUlPU2  2U3>U4PV1SW>V3*V4

c l S 1-  5EA-LJW0 TA9LE
c z? - (SFECiESl
~ ifac - hL3!EER  CF Z - D A Y  MIG3ATIlJNS

AL=2.O
c
c SET U VELCCITY FXiLil
c
c U-V VELECiTY  COMPONENTS ‘
c
c HE IS IXDICATUR OF SEASON
c XE=l If HIGEATICN  I S  70 SHflLLUliER  liAIEF; K E = 2  F[R HMRAIICK TO D E E P
c “

IFCMII.EC.2)G0  TC 19
IFCK&EC.Z)GC  T(! 5
c=u~
V=vl
GC TE 2 0

5 L=C2
Y=V2
GO TO ZO
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10 lFCKE. EC.2JG0 TC 15
ti= U3
V=!43
GC TO ZC

15 U=U4
lj=v4 .

20 To=-lz:
NEH= NE- I
HEH=HE-l

c
c N, IGFATE ~ lIP.ES FER DAY CT C=.1Z5 DAYS]
c
c $? IS HIGFATIh G CO NT AH IN ATIO?i

c
DE 2 5 4  HFC=lPt

c
C CALCULATE l!IGfiATXON AT EACH GfiTD POINT
c

DG 133 K=lYNE
Da 133 Y=IPHE
OLDCX>Hl=S@CN~Hl
S3CNP?!3=0.
IFCISLCKSPI.EC-  OIGO TO 133

c
. .

C llETEMINi 6510 POINT TU GiZ Ta
c

IF{KJK-GTa21GC  T(I 1136
IFCLL*GT*l.IGCJ Tt! 1136
UF5CNPHI=U
VFF(NSH3=V

11:6 CLNTINIE
XFCU1220,231SZ3Z

230  IH=-l
Gc 10 2:3

231 IF=O
GG TC 2:3

z;2 IH=l
2?: 1F<v]2j4,2~5,23~
224 1X=1

Gfl TC 2 ? 7
z~~ IN=~

lFCIF!. EC.C3Gtl’TC  133
GG TO 237

~~g  IN=-l
c
c GXCGY ARE Ai!TS  L E A V I N G  IN XSY EXRECTION
c CLD I S  CRIGINAL  CIINTAMINATXCN L E F T  A T  GRIDPfJINT NsM
G JNEh 1.S FIELC CF HIGffATED  CCNTAXINATIO?II
c

2 3 7  GCkE=CCLCCN*M3*TD1/AL
Gx=GGNE*AESCU3
GY=G12fE*A8scul
IFCP.EC.HE .AND.  I?!.GTaOIGG Ta 9 9 1
IFCH.EC.I _ANCo  IH.LTeOIGG 10 9 9 1
lFCISLKISP+IHI.EQ.O  )GO TC 9 9 1
AKEk CN~P+IXl=AN  EMCN,H+IHl+GX

591 XF{N.EC.I  .ANC. IN.LT.03GG  70 9 9 2
I.FCNoECeNE  ● ANDO IN..GT-O3CO TO 992
IFCI~CNtIN,M1.  EQ.C]GO  10 9 9 2
ANEw{N+IR,Nl=  #NEMCN+INsH’)+Gy

.,.,



ElD
EEl. fl 1

S CCi1I1fE
321 C1iIL1iE

Y1E1 C4bk3O
fDC ya ))=O

2CV)2Gi') 41Y1HC
29 CMW )crnc9 )+YHEMCI4M)
ncI2rcKbw)t*o)cc ia 3J
DC 32] 1=IlE

2a1 !c M191E
cCl4IrArE
crDcw w)=rDc1b ID-eX

aa C1D(Yb1):C1DC1b )-C
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