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MIKE MODEL CALIBRATION AND VERIFICATION OVERVIEW

DATA FOR THE THREE DIMENSIONAL HYDRODYNAMIC MODEL CALIBRATIONVERIFICA CONSISTED OF

MEASURED TIDAL ELEVATIONS AND CURRENTS FROM USACE FIELD SURVEYS PERFORMED IN 1991 AND

19941995 DETAILED BELOW NOAA HARMONIC PREDICTIONS FOR ELEVATIONS AND CURRENTS WERE

ALSO USED TO INCREASE THE GEOGRAPHIC EXTENT OF THE COMPARISON DATA WATER QUALITY DATA

INCLUDING SALINITY AND TEMPERATURE WERE ALSO AVAILABLE FOR THE 1991 AND 19941 995 PERIODS

ADDITIONAL DATA USED IN THE 3D MODEL INCLUDE AIR TEMPERATURE WIND SPEED

PRECIPITATION ALL FROM NOAA RECORDS AND RIVER DISCHARGES FROM USGS STREAM GAUGING

STATIONS

TIDAL BOUNDARY CONDITIONS AT THE OFFSHORE LOCATIONS WERE CREATED FROM USACES TIDAL

CONSTITUENT DATABASE WHICH IS BASED ON LARGEDOMAIN TIDAL SIMULATIONS USING THE EASTCOAST

2001 ADCIRC COASTALOCEAN MODEL MUKAI ET AL 2001 TEMPERATURE AND SALINITY BOUNDARY

CONDITIONS WERE OBTAINED FROM MEASURED NOAA SALINITY AND TEMPERATURE PROFILES WHERE

AVAILABLE AND FROM CLIMATOLOGICAL DATA MEASURED WIND SPEED AND DIRECTION WERE OBTAINED

FROM NEWARK AIRPORT JOHN KENNEDY AIRPORT AND FROM DATA RECORDED OFF SHORE AT

AMBROSE LIGHT AIR TEMPERATURE DATA WERE OBTAINED FROM THE CENTRAL PARK NATIONAL

WEATHER SERVICE STATION AS WELL AS THE AMBROSE LIGHT DATA SET

AVERAGE DAILY FRESHWATER DISCHARGES AT THE HUDSON PASSAIC RARITAN RAHWAY

HACKENSACK SADDLE SECOND AND THIRD RIVERS WERE SPECIFIED IN THE MODEL AS WERE

DISCHARGES FROM THE CONNECTICUT QUINNIPAIC NORWALK AND HOUSATONIC RIVERS ALL OF WHICH

DISCHARGE INTO LONG ISLAND SOUND ADDITIONAL SOURCES OF FRESHWATER SPECIFIED IN THE MODEL

INCLUDED WASTEWATER TREATMENT PLANT DISCHARGES WHICH WERE ESTIMATED FROM OPERATING

RECORDS AT OVER 70 DIFFERENT LOCATIONS AND STORMWATER RUNOFF DERIVED FROM DAILY RAINFALL

ESTIMATES

AS NOTED ABOVE CALIBRATION AND VERIFICATION DATA WERE COLLECTED DURING 1991 AND 1994

1995 FIELD SURVEYS DATA WERE COLLECTED BY MEANS OF TIDE GAUGES MOORED VELOCITY METERS

MOORED AND CAST CONDUCTIVITYTEMPERA CTD PROBES AND GRAB SAMPLES

HYDRODYNAMIC DATA FROM 1991 WERE COLLECTED FOR 46 WEEK PERIOD WITH WEEKLY AND

BIWEEKLY TEMPERATURE AND SALINITY MEASUREMENTS TAKEN THE HYDRODYNAMIC MODEL

CALIBRATION WAS PERFORMED FOR APPROXIMATELY 36 DAYS FROM 24 JUNE THROUGH 30 JULY 1991

HYDRODYNAMIC AND WATER QUALITY DATA FROM 19941 995 WERE COLLECTED FROM NOVEMBER 1994

TO OCTOBER 1995 THE HYDRODYNAMIC VERIFICATION PERIOD WAS FROM 21 AUGUST TO 30

SEPTEMBER 1995 RESULTS OF THESE CALIBRATION AND VERIFICATION TESTS INDICATED THAT THE

MODEL RESULTS REASONABLY MATCHED MEASURED DATA FOR BOTH PERIODS

ADDITIONAL SALINITY DATA FOR THE HUDSON RIVER WERE TAKEN BY THE WOODS HOLE OCEANOGRAPHIC

INSTITUTE WHOI DURING THE 1995 VERIFICATION PERIOD COMPARISON OF THE WHOI DATA WAS
MADE TO THE MIKE3 MODEL RESULTS AND GOOD AGREEMENT WAS FOUND THIS EXERCISE

PROVIDED ADDITIONAL CONFIDENCE IN THE RELIABILITY AND PREDICTIVE SKILL OF THE MIKE MODEL

MODEL SENSITIVITY ANALYSES WERE CONDUCTED IN ORDER TO TEST THE MODEL RESPONSE TO DIFFERENT

GRID RESOLUTIONS AND TIME STEPS THE RESULTS OF THESE INVESTIGATIONS INDICATED THAT THE GRID

SETUP PRODUCES AN ACCURATE AND COMPUTATIONALLY EFFICIENT SOLUTION
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THE AGREEMENTS BETWEEN MEASUREDPREDICTED TIDES AND VELOCITIES AND COMPUTED TIDES AND

VELOCITIES ARE EXCELLENT THE CALIBRATION WATER LEVELS HAVE AN AVERAGE CORRELATION OF 096
AND AN AVERAGE RMS ERROR BELOW 75 THE CALIBRATION CURRENT VELOCITIES HAVE AN AVERAGE
CORRELATION COEFFICIENT AND RMS ERROR OF 088 AND 156 RESPECTIVELY THE CALIBRATION

RESULTS ALSO AGREE REASONABLY WITH MEASURED SALINITY AND TEMPERATURE SPECIFICALLY THE

CALIBRATED TEMPERATURES AND SALINITIES HAVE SIMILAR OVERALL MAGNITUDES AND TIDAL VARIATIONS

AS THE MEASUREMENTS AND THE MODEL WAS ABLE TO REPRODUCE SALINITY STRATIFICATION OBSERVED

DURING NEAP TIDES

THE AGREEMENT BETWEEN MODEL AND MEASURED WATER LEVELS FOR THE VERIFICATION PERIOD IS

SIMILAR TO THAT FOR THE CALIBRATION PERIOD SPECIFICALLY MODELED AND MEASURED ELEVATIONS FOR

THE VERIFICATION PERIOD HAVE AN AVERAGE CORRELATION COEFFICIENT OF 096 AND RMS ERROR OF

80 MODELED VERIFICATION CURRENTS ARE IN GOOD AGREEMENT WITH MEASURED AND PREDICTED

CURRENTS THE VERIFICATION STATISTICS FOR VELOCITY HAVE AN AVERAGE CORRELATION OF 094 AND

RMS ERROR OF 171 AS WAS THE CASE FOR CALIBRATION THE VERIFICATION TEMPERATURES AND

SALINITIES CLOSELY FOLLOW THE FIELD MEASUREMENTS THE MODELED DATA WERE ALSO FOUND TO

MATCH THE WHOI SALINITY DATA DESCRIBED ABOVE WITHOUT SPECIFIC CALIBRATION EFFORT

CALIBRATION AND VERIFICATION DATA

MODEL CALIBRATION AND VERIFICATION EFFORTS UTILIZED FIELD DATA COLLECTED IN 1991 AND 1995

RESPECTIVELY THESE DATA CONSIST OF MEASURED ELEVATIONS CURRENTS TEMPERATURE AND

SALINITY AT NUMBER OF LOCATIONS WITHIN THE PROJECT AREA LOCATIONS OF THE MEASUREMENT

SITES FOR THESE TWO SURVEYS ARE SHOWN IN FIGURES AN OVERVIEW OF THE MODEL DOMAIN IS

SHOWN IN FIGURE

MODEL RESULTS WERE ALSO COMPARED WITH DATA AVAILABLE FROM NOAA WHICH CONSIST OF

MEASURED ELEVATIONS AS WELL AS HARMONICALLY DERIVED ELEVATIONS AND CURRENTS THROUGHOUT

THE DOMAIN LOCATIONS FOR THESE STATIONS ARE INCLUDED IN FIGURE THESE DATA PROVIDE THE

MEANS FOR MODEL SKILL ASSESSMENT OVER WIDE AREA ALL OF THE DATA USED IN MODEL

CALIBRATION AND VALIDATION ARE SUMMARIZED IN TABLE AND TABLE

THE SALINITY AND TEMPERATURE TRANSPORT IN THE MODEL WAS CALIBRATED AND VERIFIED USING DATA

COLLECTED BY BATTELLE OCEAN SCIENCE BATTELLE 1995 THE BATTELLE DATA SET WAS

SUPPLEMENTED WITH WATER QUALITY DATA COLLECTED AS PART OF THE NYC HARBOR SURVEY FIGURE

DEPICTS THE SPATIAL DISTRIBUTION OF THE WATER QUALITY SAMPLING STATIONS FIGURE 4A IS SUBSET

OF FIGURE THAT SHOWS THE STATIONS IN LONG ISLAND SOUND IT IS THESE STATIONS THAT ARE USED

IN THE CALIBRATION AND VERIFICATION TRANSECTS FOR SALINITY AND TEMPERATURE IN THE NEXT SECTIONS
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FIGURE FIELD SURVEY LOCATIONS IN 1991
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FIGURE FIELD SURVEY LOCATIONS IN 19941 995
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BOUNDARY CONDITIONS

THE MODEL BOUNDARIES ILLUSTRATED IN FIGURE EXTEND TO APPROXIMATELY ATLANTIC CITY NEW

JERSEY TO THE SOUTH TO SHINNECOCK INLET AND ORIENT POINT ON THE ATLANTIC OCEAN AND LONG

ISLAND SOUND RESPECTIVELY TO THE EAST AND UP THE HUDSON RIVER TO THE FEDERAL DAM AT

TROY NEW YORK TIDAL BOUNDARY CONDITIONS AT THE OFFSHORE LOCATIONS WERE CREATED FROM

USACES TIDAL CONSTITUENT DATABASE WHICH IS BASED ON LARGEDOMAIN TIDAL SIMULATIONS USING

THE COASTALOCEAN MODEL ADCIRC EASTCOAST 2001 WESTERINK ET AL 1993 THE

BOUNDARIES ON NEW YORK BIGHT WERE SPECIFIED AS ELEVATION BOUNDARY CONDITIONS BASED ON

CONSTRUCTED TIME SERIES FROM THE EASTCOAST 2001 MODEL HOWEVER THE EASTCOAST 2001

MODEL IS NOT AS WELL CALIBRATED WITHIN LONG ISLAND SOUND TO CREATE THE LONG ISLAND SOUND

BOUNDARY TWODIMENSION HYDRODYNAMIC MODEL OF NY BIGHT AND LONG ISLAND SOUND WAS
CREATED AND FORCED WITH OFFSHORE TIDAL CONSTITUENTS FROM EASTCOAST 2001 TIDAL

ELEVATIONS ALONG THE LONG ISLAND SOUND BOUNDARY IN THE THREEDIMENSIONAL MODEL WERE

EXTRACTED FROM THE TWODIMENSIONAL SIMULATION THE COMPUTED BOUNDARY CURRENT AND

ELEVATIONS WERE ALSO CALIBRATED TO THE DATA DESCRIBED ABOVE

TEMPERATURE AND SALINITY BOUNDARY CONDITIONS WERE OBTAINED FROM MEASURED SALINITY AND

TEMPERATURE PROFILES WHERE AVAILABLE AND FROM CLIMATOLOGICAL DATA LEVITUS ET AL 1994
MEASURED WIND SPEED AND DIRECTION WERE OBTAINED FROM NEWARK AIRPORT JOHN KENNEDY

AIRPORT AND FROM DATA RECORDED OFF SHORE AT AMBROSE LIGHT AIR TEMPERATURE DATA WERE

OBTAINED FROM THE CENTRAL PARK NATIONAL WEATHER SERVICE STATION AS WELL AS THE AMBROSE

LIGHT DATA SET

DAILY AVERAGED FRESHWATER DISCHARGES AT THE HUDSON PASSAIC RARITAN RAHWAY

HACKENSACK SADDLE SECOND AND THIRD RIVERS WERE SPECIFIED IN THE MODEL AS WERE

DISCHARGES FROM THE CONNECTICUT QUINNIPAIC NORWALK AND HOUSATONIC RIVERS ALL OF WHICH

DISCHARGE INTO LONG ISLAND SOUND ADDITIONAL SOURCES OF FRESHWATER SPECIFIED IN THE MODEL

INCLUDED WASTEWATER TREATMENT PLANT DISCHARGES WHICH WERE ESTIMATED FROM OPERATING

RECORDS AT OVER 70 DIFFERENT LOCATIONS AND STORMWATER RUNOFF DERIVED FROM DAILY RAINFALL

ESTIMATES ALL SOURCES OF FRESHWATER WERE ENTERED AT CONSTANT TEMPERATURE OF 716F
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TABLE MODEL CALIBRATION DATA FOR 1991 SIMULATION PERIOD

LOCATION DATA TYPE LATITUDE LONGITUDE INSTRUMENT WATER

DEPTH DEPTH

BERGEN POINT MEASURED CURRENTS 40 3855N 74 815W 64 107

RARITAN BAY MEASURED CURRENTS 40 3006N 74 980W 66 0
THE NARROWS MEASURED CURRENTS 40 3633N 74 290W 152 305

TUFTS POINT MEASURED CURRENTS 40 3353N 74 1305W 70 116

AMBROSE LIGHT MEASURED TIDE 40 46OON 73 8300W NA NA
SANDY HOOK MEASURED TIDE 40 28OON 74 060W NA NA
SOUTH AMBOY MEASURED TIDE 40 2939N 74 1674W NA NA
THE BATTERY MEASURED TIDE 40 42OON 74 090W NA NA
WILLETS POINT MEASURED TIDE 40 48OON 73 4700W NA NA

BAYONNE BR PREDICTED TIDE 40 3850N 74 0860W NA NA
BERGEN POINT

BRIDGEPORT PREDICTED TIDE 41 1040N 73 1090W NA NA
COLLEGE POINT PREDICTED TIDE 40 47OON 73 51 40W NA NA
FORT WADSWORTH PREDICTED TIDE 40 3640N 74 0330W NA NA
GW BRIDGE PREDICTED TIDE 40 51 OON 73 5700W NA NA
HORNS HOOK PREDICTED TIDE 40 4640N 73 5650W NA NA
PORT ELIZABETH PREDICTED TIDE 40 4040N 74 0840W NA NA
SANDY HOOK PREDICTED TIDE 40 28OON 74 0060W NA NA
SOUTH AMBOY PREDICTED TIDE 40 2950N 74 1690W NA NA
TARRYTOWN PREDICTED TIDE 40 0470N 73 5220W NA NA
THE BATTERY PREDICTED TIDE 40 42OON 74 0090W NA NA
WEEHAWKEN PREDICTED TIDE 40 46OON 74 0110W NA NA
WILLETS POINT PREDICTED TIDE 40 48OON 73 4700W NA NA

BAYONNE BRIDGE PREDICTED CURRENTS 40 38SON 74 0860W NA NA

BROOKLYN BRIDGE
PREDICTED CURRENTS 40 42OON 74 0000W NA NA

COLLEGE POINT PREDICTED CURRENTS 40 47OON 73 51 40W NA NA
CONEY ISLAND PREDICTED CURRENTS 40 3420N 74 0050W NA NA

GEORGE PREDICTED CURRENTS 40 51 OON 73 5700W
WASHINGTON

BRIDGE

HUNTS POINT PREDICTED CURRENTS 40 48OON 73 5240W NA NA
NARROWS PREDICTED CURRENTS 40 3660N 74 0280W NA NA
NEWARK BAY PREDICTED CURRENTS 40 3960N 74 0840W NA NA
TUFTS POINT PREDICTED CURRENTS 40 3340N 74 1340W
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TABLE MODEL VALIDATION DATA FOR 1995 SIMULATION PERIOD

LOCATION DATA TYPE LATITUDE LONGITUDE INSTRUMENT WATER

DEPTH DEPTH

COLLEGE POINT MEASURED CURRENTS 40 4803N 73 5090W BINS 21 3

ADCP
HARLEM RIVER MEASURED CURRENTS 40 5246N 73 5471W 05M BINS 55

ADCP
HARLEM RIVER MEASURED TIDE 40 5246N 73 5471W NA NA
RED HOOK MEASURED CURRENTS 40 4244N 73 5904W BINS 55

ADCP
HARLEM RIVER MEASURED TIDE

SANDY HOOK MEASURED TIDE 40 28OON 74 060W NA NA
THE BATTERY MEASURED TIDE 40 42OON 74 090W NA NA
WILLETS POINT MEASURED TIDE 40 48OON 73 4700W NA NA
BAYONNE BR PREDICTED TIDE 40 38SON 74 0860W NA NA
BERGEN POINT

BRIDGEPORT PREDICTED TIDE 41 1040N 73 1090W NA NA

COLLEGE POINT PREDICTED TIDE 40 47OON 73 51 40W NA NA
FORT WADSWORTH PREDICTED TIDE 40 3640N 74 0330W NA NA
GW BRIDGE PREDICTED TIDE 40 51 OON 73 5700W NA NA
HORNS HOOK PREDICTED TIDE 40 4640N 73 5650W NA NA
PORT ELIZABETH PREDICTED TIDE 40 4040N 74 0840W NA NA
SANDY HOOK PREDICTED TIDE 40 28OON 74 0060W NA NA
SOUTH AMBOY PREDICTED TIDE 40 29SON 74 1690W NA NA
TARRYTOWN PREDICTED TIDE 40 0470N 73 5220W NA NA
THE BATTERY PREDICTED TIDE 40 42OON 74 0090W NA NA
WEEHAWKEN PREDICTED TIDE 4046OON 74 0110W NA NA
WILLETS POINT PREDICTED TIDE 40 48OON 73 4700W NA NA

BAYONNE BRIDGE PREDICTED CURRENTS 40 38SON 74 0860W NA NA

BROOKLYN BRIDGE
PREDICTED CURRENTS 40 42OON 74 0000W NA NA

COLLEGE POINT PREDICTED CURRENTS 40 47OON 73 51 40W NA NA

CONEY ISLAND PREDICTED CURRENTS 40 3420N 74 0050W NA NA
GEORGE PREDICTED CURRENTS 40 51 OON 73 5700W
WASHINGTON

BRIDGE

HUNTS POINT PREDICTED CURRENTS 40 48OON 73 5240W NA NA
NARROWS PREDICTED CURRENTS 40 3660N 74 0280W NA NA
NEWARK BAY PREDICTED CURRENTS 40 3960N 74 0840W NA NA
TUFTS POINT PREDICTED CURRENTS 40 3340N 74 1340W
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CALIBRATION PROCEDURE

THE OBJECTIVE OF MODEL CALIBRATION IS TO ADJUST CERTAIN MODEL PARAMETERS UNTIL MODEL

RESULTS COMPARE WELL WITH EQUIVALENT MEASURED DATA THE FOLLOWING VARIABLES WERE

COMPARED TO MEASURED AND PREDICTED VALUES FOR THE CALIBRATION EFFORTS

WATER LEVEL

CURRENT

TEMPERATURE

SALINITY

COMPARISONS WERE MADE FOR ALL AVAILABLE FIXED MEASUREMENT STATIONS ADDITIONAL

COMPARISONS WERE MADE FOR PREDICTED WATER LEVELCURRENT STATIONS

TWO LEVELS OF ANALYSIS WERE PERFORMED

GRAPHICAL

STATISTICAL

THE GRAPHICAL ANALYSIS CONSISTS OF VISUAL COMPARISON OF MODELED AND MEASURED TIME

SERIES EXAMPLES OF THE GRAPHICAL RESULTS ARE SHOWN IN THE NEXT SECTION

THE STATISTICAL ANALYSIS COMPRISES STATISTICAL MEASURES OF ERROR OR DEVIATION IN THE

COMPUTED AND MEASURED TIME SERIES STATISTICS INCLUDE THE CORRELATION COEFFICIENTS AND ROOT

MEAN SQUARE RMS ERROR WITH RESPECT TO CURRENTS THESE ANALYSES WERE PERFORMED FOR THE

VELOCITY IN THE FLOOD AND EBB DIRECTION AT EACH STATION

THE STATISTICAL MEASURES USED ARE DEFINED AS FOLLOWS

CORRELATION COEFFICIENT USES THE PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT

DIMENSIONLESS INDEX THAT RANGES FROM 1 0 TO 0 INCLUSIVE WHICH REFLECTS THE EXTENT OF

LINEAR RELATIONSHIP BETWEEN TWO DATA SETS THIS PARAMETER INDICATES HOW CLOSELY THE

MODELED DATA IS IN PHASE WITH THE CALIBRATION DATA

ROOT MEAN SQUARE RMS ERROR COMPARES THE ROOT OF THE AVERAGE SQUARE OF THE

DIFFERENCE ERROR BETWEEN THE TWO DATA SETS

RMS ERROR PERCENTAGE COMPUTES THE RMS ERROR AS PERCENTAGE OF THE RANGE OF THE

PREDICTEDMEASURED DATA THIS GIVES PERSPECTIVE ON THE MAGNITUDE OF THE RMS ERROR

THE CORRELATION COEFFICIENT AND RMS ERROR PERCENTAGE STATISTICS SERVE AS THE INDICATOR FOR

DETERMINING WHEN MODEL CALIBRATION IS SATISFACTORY WITH REGARD TO CORRELATION COEFFICIENTS

THE TARGET OF THE MODEL SIMULATIONS WAS AT LEAST 80 OF THE COMPARISON STATIONS SHOULD

HAVE CORRELATION COEFFICIENTS GREATER THAN OR EQUAL TO THE THRESHOLD VALUES OF 090 FOR WATER

LEVELS AND 080 FOR CURRENTS SIMILARLY PERCENTAGE RMS OR ABSOLUTE RMS ERROR VALUES FOR

AT LEAST 80 OF THE STATIONS SHOULD BE LESS THAN 10 FOR WATER LEVELS AND 20 FOR CURRENTS

THESE CALIBRATION CRITERIA ARE REPEATED IN TABLE
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TABLE TARGET THRESHOLD VALUES FOR HYDRODYNAMIC CALIBRATION PARAMETERS

SATISFIED AT 80 OF THE COMPARISON STATIONS

MEASURED WATER LEVELS CURRENTS

CORRELATION
90 80

COEFFICIENT

RMS ERROR 10 20

CORRELATION COEFFICIENTS FOR TEMPERATURE AND SALINITY WERE NOT COMPUTED AS PART OF THE

ANALYSIS AND CALIBRATION WAS BASED ON VISUAL INSPECTION OF THE MODELEDMEASURED TIME

SERIES COMPARED WITH SAMPLED DATA THIS APPROACH WAS TAKEN BECAUSE THE MEASURED DATA

ARE AVAILABLE ONLY AS SAMPLES AT SINGLE INSTANT IN TIME AND THEREFORE CORRELATION AND RMS
VARIATIONS OVER TIME CANNOT BE COMPUTED
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CALIBRATION PARAMETERS

HYDRODYNAMIC CALIBRATION PARAMETERS IN THE MIKE3 MODEL ARE

THE BED ROUGHNESS SCALE

THE SMAGORINSKY TURBULENCE CLOSURE PARAMETER CSMAG FOR THE HORIZONTAL DIRECTION

THE PRANDTL NUMBER O FOR THE HORIZONTAL DIFFUSION OF SALINITY AND TEMPERATURE

THE PARAMETERS FOR THE VERTICAL KG MODEL FOUND IN THE LITERATURE ASCE 1988 ARE

CONSIDERED TO BE ACCEPTED VALUES AND ARE NOT CHANGED DURING THE CALIBRATION PROCESS

MODEL CALIBRATION FOR THE PRESENT MODEL RESULTED IN VARIABLE BED ROUGHNESS RANGING

FROM 01 CM IN SHALLOW WATER TO CM IN DEEP WATER THERE IS NO DIRECT RELATIONSHIP

BETWEEN VALUES OF IN THE MODEL AND PHYSICAL QUANTITY SUCH AS GRAIN SIZE THE MODEL

BED ROUGHNESS KS IS CALIBRATION PARAMETER WHICH IS RESULT OF BOTH THE PHYSICAL

RESISTANCE AND THE NUMERICAL IMPLEMENTATION OF RESISTANCE

RANGE OF VALUES OF 002 TO 006 WAS USED FOR THE 2D HORIZONTAL SMAGORINSKY MODEL

PARAMETER CSMAG AS RESULT OF THE MODEL CALIBRATION THIS CALIBRATION APPROACH RESULTED IN

GOOD MODEL RESULTS FOR SALINITY AND TEMPERATURE THE RANGE OF CSMAG VALUES IS IN LINE WITH

THOSE USED BY OTHER RESEARCHERS FOR EXAMPLE REYNOLDS 1976 USED VALUE OF 006 LILLY

1967 USED VALUE OF 017 DEARDORFF 1971 USED VALUE OF 021 AND SMAGORINSKY

1993 CITED VALUES FROM THE LITERATURE IN THE RANGE 006490336

THE DIFFUSIVITY OF SALT IS ASSUMED TO VARY LINEARLY WITH EDDY VISCOSITY IN THE HORIZONTAL

DIRECTIONS CONSTANT VALUE CIT 10 WAS FOUND FOR THE DIFFUSIVITY OF SALT WHILE IN THE VERTICAL

DIRECTION AI YIELDED VALUES IN THE RANGE FROM FOR UNSTABLE AND NEUTRAL STRATIFICATION TO

ABOUT 90 FOR STABLE STRATIFICATION AND HIGH RICHARDSON NUMBERS THE CORRESPONDING

PRANDTL NUMBERS IN THE TEMPERATURE EQUATION HAVE BEEN TAKEN AS 14 TIMES LOWER THAN

THOSE FOR SALT VALUE OF CIT GREATER THAN IMPLIES THAT DIFFUSIVE TRANSPORT IS WEAKER FOR

SALTTEMPERATURE THAN FOR MOMENTUM
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CALIBRATION RESULTS

61 WATER SURFACE ELEVATIONS

WATER SURFACE ELEVATION RESULTS FROM THE MODEL ARE DEPENDENT ON COMBINATION OF FORCING

FROM BOTH TIDAL HARMONICS AND MEASURED DATA OFFSHORE TIDAL ELEVATIONS ARE BASED ON

HARMONIC CONSTITUENTS WHILE RIVER FLOWS WINDS AND TEMPERATURES ARE BASED ON MEASURED

DATA THEREFORE TO ASSESS MODEL PERFORMANCE IT IS NECESSARY TO CONSIDER BOTH HARMONIC

PREDICTIONS INSIDE THE MODEL AS WELL AS MEASURED DATA

WATER LEVELS HAVE BEEN COMPARED WITH MEASUREMENTS AT STATIONS AND WITH HARMONIC

PREDICTIONS AT 13 STATIONS MEASURED ELEVATION DATA WERE OBTAINED FROM THE NOAA INTERNET

SITE WHILE ELEVATION PREDICTIONS WERE COMPUTED FROM NOAA HARMONICS USING TIDAL

PREDICTION SOFTWARE TIDES AND CURRENTS PRO VERSION SAMPLES OF THE GRAPHICAL

COMPARISONS ARE SHOWN IN FIGURE

AS SHOWN IN TABLES AND THE AGREEMENT BETWEEN MEASUREDPREDICTED TIDES AND

COMPUTED TIDES IS EXCELLENT OVERALL THE WATER LEVELS HAVE AN AVERAGE CORRELATION OF 096

AT THE COMPARISON POINTS AND AN AVERAGE RMS ERROR BELOW 5 THESE VALUES ARE

COMPARABLE TO THOSE ACHIEVED IN OTHER MODELS BLUMBERG ET AL 1999 COMPARISONS

WITH MEASURED TIDES TABLE DO NOT MEET THE CALIBRATION TARGET AT OF STATIONS WHILE

COMPARISONS WITH PREDICTED TIDES DO NOT MEET THE CALIBRATION TARGET AT OF THE 13 STATIONS

THOSE STATIONS NOT MEETING THE CRITERIA ARE NONETHELESS VERY CLOSE TO THE TARGET THRESHOLD

THEREFORE THE GOAL OF 80 COMPLIANCE WITH THE CRITERIA IS MET AND THE MODEL

HYDRODYNAMICS WERE CONSIDERED SATISFACTORILY CALIBRATED

62 INSTANTANEOUS CURRENTS

CURRENTS WERE EVALUATED AT MEASURED AND PREDICTED STATIONS THOSE SHOWN IN FIGURES

13 MODEL RESULTS AT THESE STATIONS WERE EXTRACTED AT DEPTHS APPROPRIATE TO THE DEPTHS AT

WHICH THE METERS WERE DEPLOYED WHILE SURFACE RESULTS ARE USED TO COMPARE WITH PREDICTED

CURRENT STATIONS SAMPLES OF THE MODEL AND PREDICTED CURRENT SPEED AND DIRECTION ARE

SHOWN IN FIGURE

IN GENERAL THE AGREEMENT BETWEEN THE MODEL AND MEASURED CURRENTS IS EXCELLENT WITH

CORRELATIONS EXCEEDING THE TARGET OF AND RMS ERROR VALUES LOWER THAN THE 20 CRITERIA

CORRELATIONS WITH MEASURED DATA SHOW LOWER VALUES THAN THE PREDICTED HOWEVER MEASURED

CURRENTS ARE NOTORIOUSLY DIFFICULT TO MATCH EXACTLY DUE TO VARIATIONS IN NATURAL CURRENT FIELDS

AND LARGER GRADIENTS IN CURRENT SPEED AND DIRECTION REVIEW OF THE TIME SERIES PLOTS

ILLUSTRATES THE OVERALL ACCURACY OF THE COMPUTED RESULTS

OVERALL THE AVERAGE CORRELATION COEFFICIENT AND RMS ERROR FOR ALL OF THE MEASUREDPREDICTED

STATIONS IS 088 AND 156 RESPECTIVELY IN SUMMARY THE AGREEMENT BETWEEN THE MODEL

AND THE DATA IS VERY GOOD ADDITIONALLY THESE RESULTS ARE SIMILAR TO BLUMBERG ET AL 1999
WHO REPORT AN AVERAGE CALIBRATION COEFFICIENT OF 094 AND AN RMS ERROR LESS THAN 15 FOR

NEW YORK HARBOR MEASUREMENTS
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TABLE MODEL CALIBRATION RESULTS COMPARISONS WITH FIELD MEASUREMENTS

LOCATION DATA TYPE CORRELATION RMS ERROR RMS ERROR

BERGEN POINT CURRENTS 067 1445 CMS 104

RARITAN BAY CURRENTS 081 1270 CMS 304
THE NARROWS CURRENTS 089 4678 CMS 187

TUFTS POINT CURRENTS 090 1459CMS 192

AMBROSE LIGHT WATER LEVEL 097 898 CM 68
THE BATTERY WATER LEVEL 094 1281 CM 97

BERGEN POINT WATER LEVEL 088 1343CM 92

SANDY HOOK WATER LEVEL 096 188 CM 86
SOUTH AMBOY WATER LEVEL 092 1396CM 95
WILLETS POINT WATER LEVEL 094 3020 CM 140

TABLE MODEL CALIBRATION RESULTS COMPARISONS WITH NOAA PREDICTIONS

LOCATION DATA TYPE CORRELATION RMS ERROR RMS ERROR

BERGEN POINT WATER LEVEL 096 751 CM 49

BRIDGEPORT WATER LEVEL 094 2390 CM 122

COLLEGE POINT WATER LEVEL 090 833 CM 37
FORT WADSWORTH WATER LEVEL 099 696 CM 49

WASHINGTON

BR WATER LEVEL 098 612 CM 53
HORNS HOOK WATER LEVEL 095 1441 CM 100
PORT ELIZABETH WATER LEVEL 095 755 CM 49

SANDY HOOK WATER LEVEL 099 454 CM 33
SOUTH AM BOY WATER LEVEL 099 840 CM 55

TARRYTOWN WATER LEVEL 098 618 CM 66
THE BATTERY WATER LEVEL 099 630 CM 45
WEEKHAWKEN WATER LEVEL 098 569 CM 45
WILLETS POINT WATER LEVEL 099 3056CMS 137

BAYONNE BRIDGE CURRENT 087 2251 CMS 14

BROOKLYN BRIDGE CURRENT 091 4317 CMS 16

COLLEGE POINT CURRENT 097 465 CMS
CONEY ISLAND CURRENT 091 1258 CMS 12

WASHINGTON

BR CURRENT 092 1511 CMS
HUNTS POINT CURRENT 097 5163 CMS 34

NARROWS CURRENT 095 920 CMS 51

NEWARK BAY CURRENT 074 1586 CMS 23

TUFTS POINT CURRENT 097 971 CMS
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1991 CALIBRATION REDCTEDLE

BRIDGEPORT OVATION MOCEL RSUIS

T991 CAL BRATION PRSICTED TIDE

CO EGO POINT ELEAT ON IDEL RESAFTS

1991 CAL BRATION PREDICTED TDE

ETH POINT ELEATIO VCDEL RESULTS

1Q91 CALIBRATION

WILLETS POINT ELEVATION
RE0IREALTS

AUMITHWJWLJFTFTLUWMU
IF

030 72 73 74 75 72 73 3L117127 13 14 715 TIE 7I1 15 71 720 721 753753734 7C5 725 757753725 732

FIGURE EXAMPLE COMPARISONS OF MODEL AND HARMONICALLY PREDICTEDMEASURED

SURFACE ELEVATIONS FOR CALIBRATION PERIOD
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FL91 CAUBRATON FED CCED CUMNI

COFLEGE POTHT SPEED MOSI RETH

AAUH
7A II L2 IA 7TA F72J21722T23 FL4 21 2A2U 732

1991 CALIBRATION PREDUTED CURRENT

CCNLLECJE POINT DIRECTION MODE REEJHE

3527

3197

RRJL
1991 CALIBRATION PREDICTED CURRENT

HUNTS POINT SPEED MOOD RECULTU

32

11 7D 75 15 77 X5 7T31421S 722 72 22237242A 735 127 725 735 33

1991 CALIBRATION REDNTED CURRENT

HUNTS POINT DIRECTION MAD RESUK

3503

FIGURE SAMPLES OF MODEL AND HARMONICALLY PREDICTED CURRENT SPEED AND DIRECTION

FOR CALIBRATION PERIOD
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63 SALINITIES AND TEMPERATURES

THE MODEL RESULTS WERE COMPARED TO THE PREVIOUSLY DESCRIBED BATTELLE AND NYCDEP
STATIONS FIGURES AND 4A COMPARISON OF THE MEASUREMENTS AND THE MODEL RESULTS ARE

SHOWN IN FIGURE FIGURE SHOWS TRANSECT BEGINNING AT THE BATTERY PROGRESSING UP THE

EAST RIVER AND OUT INTO LONG ISLAND SOUND THE DATA FROM THE SAMPLING STATIONS SHOWN IN

FIGURE 4A IS USED TO COMPUTE THE TRANSECT OVERALL THE MODEL RESULTS COMPARE VERY WELL TO

THE MEASUREMENTS THROUGHOUT THE MODEL DOMAIN

W 24D

L5
LA

SJ

10 20 30 70 44 94 110 10

CL
QUJ

15
11LW

IQ 04 44J 54 54 74 134 94 WI 110

DISTANCE FROM THE BATTERY MILES

ATTDTE ITIP BATFEILEBCTLOM

NYC DEPLT4 NYCQEP BOTLTGFFL

THJP ONAV M94UI BOTTON GLDAR 4LAFL

BOTTOM INI

FIGURE MODEL CALIBRATION FOR SALINITY AND TEMPERATURE IN LONG ISLAND SOUND
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VERIFICATION

71 PROCEDURE

THE OBJECTIVE FOR THE VERIFICATION OR VALIDATION PHASE IS TO DEMONSTRATE THE UNIVERSALITY OF

THE MODEL SPECIFICALLY MODEL THAT HAS BEEN CALIBRATED TO SIMULATE HYDRODYNAMICS DURING

ONE PERIOD SHOULD PERFORM EQUALLY WELL FOR OTHER PERIODS KEEPING ALL MODEL PARAMETERS

UNCHANGED

72 RESULTS

THE VERIFICATION PERIOD WAS AUGUST 21 1995 30 SEPTEMBER 1995 MEASURED SURFACE

ELEVATION AND ADCP DATA WERE AVAILABLE FOR THIS PERIOD ALONG WITH PREDICTED SURFACE

ELEVATIONS AND CURRENTS THE ADCP CURRENT METER PROFILES WERE TAKEN IN THE HARLEM AND

EAST RIVERS

RESULTS FOR THE VALIDATION PERIOD ARE SUMMARIZED BELOW IN TABLES AND TABLE TIME

SERIES PLOTS FOR SAMPLE STATIONS ARE SHOWN IN FIGURES 91 OVERALL THE VERIFICATION

CORRELATIONRMS ERROR STATISTICS ARE BETTER THAN THOSE FOR THE CALIBRATION PERIOD

73 WATER LEVELS

WATER LEVELS WERE COMPARED AT MANY OF THE SAME MEASURED AND PREDICTED STATIONS AS FOR

THE CALIBRATION PERIOD TOTAL OF 15 STATIONS WERE USED IN THE COMPARISONS IN GENERAL THE

AGREEMENT FOR COMPUTED WATER LEVELS IS SIMILAR TO THAT FOR THE CALIBRATION PERIOD

SPECIFICALLY MODELED AND MEASURED ELEVATIONS HAVE AN AVERAGE CORRELATION COEFFICIENT OF

096 AND RMS ERROR OF 71 FIGURE SHOWS SAMPLE PLOTS OF THE RESULTS FOR ELEVATION

74 CURRENTS

CURRENTS WERE COMPARED AT MEASURED AND PREDICTED STATIONS MEASURED AND MODELED

CURRENTS AT OF THE ADCP STATIONS COLLEGE POINT AND RED HOOK WERE COMPARED AT THE

NEAR SURFACE MID DEPTH AND NEAR BOTTOM CURRENTS AT THE HARLEM RIVER WERE ONLY

COMPARED AT THE NEAR SURFACE AND NEAR BOTTOM SINCE THE DEPTH WAS LESS THAN METERS AT

THIS LOCATION FIGURES 10 AND 11 SHOW SAMPLE PLOTS OF THE RESULTS FOR CURRENT SPEED AND

DIRECTION
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1995 VERIFCAT DCTD TD

BNDGEPORT ELE ATION
MCCREL REE

91 92 93 9L 99 99 917 95 59 912 9L 912 93 91 91 517 99 39 9122 91 922 923 932 925 929 532 925 529

1995 VERIFICAT ON REDCIED TTH

COLLEGE POINT ELEVATION
MCEI RESULTS

92 33 92 95 95 95 55 95 91 913 515 915 915 922 52 522 921 924 925 529 92 525 925

1995 VERIFICATION PREDISLECLTCE

WILLETS 0O NT ELOVAT PJ HFODE RESULS

929394915599 55 59 9105 529135451V9155751555

1995 VERFICATION MEAAIRED TIDE

WILLETS POINT ELEVAT ON
MODEL RESULTS

51 12 53 54 95 95 917 55 59 515 51 92 93 54 515 911 91 IS 59 920 92 922 923 524 521 921 92 925 529

FIGURE SAMPLES OF MODEL AND HARMONICALLY PREDICTEDMEASURED ELEVATIONS FOR

VERIFICATION PERIOD
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1995 VERIFICATION PREDDED CUTERL

COHEGE POHIT SPEED
MODE REOUKO

35

20

61 62 92 94 65 96 91 95 69 913 65 612 033 614 615 954 919 625 961 922 923 424 926 926 92 925 629

1995 VERIFICATION PEDOTED CRENT

COLLEFLE POINT DIRECTION RCA HA

2622

3152

LLSIS 1J II
91 92 53 94 55 95 915 9O 911 912 913 914 915 95 OR 95 919 9126 92 932 923 964 925 935 927 923 929

1995 VERIFICATION PRCOCHED CNENT

HUMS POINT SPEED MODE PEAS TO

32

32

993949695972596 913 1991394969156969I5A2 92292342492629929259

1991 CALIBRATION RED OHS CURRETO

HUNTS POINT DIRECTION MODE RESITA

25 92 96 94 93 95 97 95 59 9315 211 912 512 94 615 419 46 919 926 921 922 923 424 525 926 92 929 62

FIGURE 10 SAMPLES OF MODEL AND HARMONICALLY PREDICTED CURRENT SPEED AND

DIRECTION FOR VERIFICATION PERIOD
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1995 VALIDATION MENARED CUREN

COLLEGE POINT SURFACE VELOC
TY

MCEL RUN ITU

12 13 94 19 13 99 9Y 112 33 94 115 39 97 115 31 199 12 32 399 121 991 12 121 391

1995 VALIDATION MUANRED CURREL

COLLEGE POINT SURFACE DIRECTTON MODE REUTTS

1IMFL
91 32 93 99 11 3FL 39 311 32 912 914 VS 313 113 93 991 92 123 124 921 323 397 925

1995 VALIDATION MEANIRED CRRERT

CO LEGE POINT MIDDEPTH VELOC TY
MOUE RUUALN

FL7ITU
91 92 93 94 99 39 33 31 92 311 V2 33 34 315 115 11 113 313 9121 921 922 933 924 321 321 327 391 391

1955 VALIDATION MEANUREE OMEN

COLLEGE PO NT MIDDEPTH LI RECT ON LANCE RENUL1U

MU
92 92 94 31 99 93 319 91 3111291134 VI 33917 ILL 139120991924923324 391923 327 921 329

FIGURE 11 SAMPLES OF MODEL AND MEASURED CURRENT SPEED AND DIRECTION FOR

VERIFICATION PERIOD
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1995 VALKLATTON MOASURED CRREN

COLLEGE POINT BOTTOM VELOCITY
MODE REAU TO

JC

1995 VALIDATION MEAXRED UREN

COLLEGE POINT BOTTOM DIRECTON MACEL RESULTA

FIGURE 11 CONT SAMPLES OF MODEL AND MEASURED CURRENT SPEED AND DIRECTION FOR

VERIFICATION PERIOD
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TABLE MODEL VALIDATION RESULTS COMPARISONS WITH FIELD MEASUREMENTS

LOCATION DATA TYPE CORRELATIO RMS ERROR RMS ERROR

COLLEGE POINT CURRENTS SURFACE 096 3268 CMS 198

COLLEGE POINT CURRENTS MID 096 3787 CMS 234

DEPTH

COLLEGE POINT CURRENTS BOTTOM 087 3414 CMS 261

HARLEM RIVER CURRENTS SURFACE 098 1060 CMS 53
HARLEM RIVER CURRENTS BOTTOM 098 969 CMS 55
RED HOOK CURRENTS SURFACE 098 7396 CMS 216
RED HOOK CURRENTS MID 099 7424 CMS 232

DEPTH

RED HOOK CURRENTS BOTTOM 098 3220 CMS 16

BERGEN POINT WATER LEVEL 096 906 CM 59

SANDY HOOK WATER LEVEL 094 904 CM 62
THE BATTERY WATER LEVEL 098 844 CM 60
WILLETS POINT WATER LEVEL 098 3124CM 142

AS SHOWN IN TABLE MODELED CURRENTS ARE IN GOOD AGREEMENT WITH MEASURED AND

PREDICTED CURRENTS THE STATISTICS AT ALL STATIONS ACHIEVE THE CURRENT CALIBRATION CRITERION OF

08 FOR CORRELATION COEFFICIENTS AND 20 FOR RMS ERROR WITH AVERAGES ABOVE THESE LIMITS

IE 092 FOR CORRELATION AND 136 FOR RMS ERROR

MODELED AND PREDICTED CURRENTS ALSO MATCH CLOSELY SEE TABLE THE RMS ERRORS ARE

ACCEPTABLE AT ALL LOCATIONS
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TABLE MODEL VALIDATION RESULTS COMPARISONS WITH NOAA HARMONIC STATIONS

LOCATION DATA TYPE CORRELATION RMS ERROR RMS ERROR

BERGEN POINT WATER LEVEL 098 800 CM 54

BRIDGEPORT WATER LEVEL 091 1845CM 88

COLLEGE POINT WATER LEVEL 089 1509CM 71

FORT WATER LEVEL 099 821 CM 58
WADSWORTH

GW BRIDGE WATER LEVEL 098 945 CM 81

HORNS HOOK WATER LEVEL 093 1894CM 135

PORT ELIZABETH WATER LEVEL 097 921 CM 59

SANDY HOOK WATER LEVEL 098 800 CM 54
SOUTH AMBOY WATER LEVEL 097 1416 CM 93

TARRYTOWN WATER LEVEL 097 722 CM 76
THE BATTERY WATER LEVEL 099 804 CM 57
WEEHAWKEN WATER LEVEL 097 820 CM 65
WILLETS POINT WATER LEVEL 090 3222 CM 147

BAYONNE
CURRENTS 086

BRIDGE 2337 CMS 133

BROOKLYN BR CURRENTS 089 4919 CMS 173

COLLEGE POINT CURRENTS 097 580 CMS 41

CONEY IS
CURRENTS 096

CHAN 1332CMS 119

GW BRIDGE CURRENTS 091 2109 CMS 111

HUNTS POINT CURRENTS 095 14228 CMS 341

NEWARK BAY CURRENTS 096 5301 CMS 337
THE NARROWS CURRENTS 093 1091 CMS 57
TUFTS POINT CURRENTS 078 1691 CMS 234
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75 SALINITIES AND TEMPERATURES

AS WAS THE CASE FOR CALIBRATION THE MODEL REPRODUCED THE BATTELLE AND NYSDEP SALINITY

AND TEMPERATURE DATA THROUGHOUT THE MODEL DOMAIN THE MODEL RESULTS WERE COMPARED TO

THE PREVIOUSLY DESCRIBED BATTELLE AND NYCDEP STATIONS COMPARISON OF THE

MEASUREMENTS AND THE MODEL RESULTS ARE SHOWN IN FIGURE 12 FIGURE 12 SHOWS TRANSECT

BEGINNING AT THE BATTERY PROGRESSING UP THE EAST RIVER AND OUT INTO LONG ISLAND SOUND

THE DATA FROM THE SAMPLING STATIONS SHOWN IN FIGURE 4A IS USED OVERALL THE MODEL RESULTS

COMPARE VERY WELL TO THE MEASUREMENTS THROUGHOUT THE MODEL DOMAIN

III
IT

IIIIII
10 23 40 7J WI 1K 110

U33

15

10 30 40 100 LBI

DISTANCE FUONI THE BATTERY MILES

FIGURE 12 MODEL VERIFICATION FOR SALINITY AND TEMPERATURE IN LONG ISLAND SOUND
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