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Outline

m Brief review: building realistic simulated DO.

m From one simulation to an ensemble of simulated outcomes.

m Converting each simulation to a segment-level assessment endpoint.
m Testing endpoint stability as simulation count increases.

m Implications for testing and production simulation counts.




Building Realistic DO Simulations in Components

Statistical interpolation

Mean mid-
day space-
and-time
_interpolation

m Begin with the expected mid-day DO pattern across season, location,
and depth.

m Add large-scale correlated departures from that pattern:
— day-to-day correlation
— depth correlation
— spatial correlation

Small-scale
correlation
component:
hourly (g;,)

arge-scale
correlation
component:
spatial +
daily (&, 4

Within day

(cyclic)
interpolation

m Then add the within-day cycle and hourly correlated variation.



Day-to-Day Correlation Preserves 2]
Temporal Persistence

= The mid-day GAM provides the expected DO pattern. 41 “&’ ., g" Bk WD

. . : W
= Residuals measure departures from that expectation. 0~ PO Gify

= Data show positive day-to-day correlation which allows the
departures to persist into the following day.
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Depth Correlation Preserves sz

o4
Vertical Coherence
. . . . 44
* The mid-day GAM provides the expected vertical DO profile. =
< .l
. . . £
* Residuals describe departures from that profile at each depth. 3
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Example Simulation Outputs




Simulate DO throughout the
4D grid

e CBAMH is represented by 1-km
horizontal grid columns with
multiple depth layers.

e 2D: 886 grid points
e 3D: 9,237 grid points

* Monitoring stations are grouped
with nearby grid locations for
visualization.

* The next slides follow one selected
grid column and four depth bands.

n 4 M
4 e

_— AMNMAPOLISSs seaan

Layer types

@ Background grid points

O Selected uidstr

O Dropped stations

= Siafion — uidsir links
Coincident station guides

sesseenm

station CB4.3W
description MA
status retained
station_group_id sg_009
n_obser 90

max_sample_depth &
max_bottom_depth 107

uidstr 3700004269000
selected TRUE

utm_x 370000

utm_y 4269000

bottom_depth 10

. AR

Station groups station west_gooses
description 2f1_Tc8e_ecdb_T768e; west-
59_001 gooses_deab_aBda 7573
59_002 status retained
SQ—DGS station_group_id =g_009
sg_004 n_obser 10400
59—005 max_sample_depth 7
5g_006 max_bottom_depth 9.675
sg_007
sg_008
sg_009
sg_010
sg_011
sg_012
sg_013

Leaflet | 8 OpenStreetMap contributors & CARTO




Monitoring data provide
Incomplete coverage

* The station group combines
continuous monitoring records
with discrete monitoring
observations.

* Coverage differs across dates
and depth bands.

* The model uses these
observations to generate a
complete simulated DO field.
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A closer view reveals
temporal and vertical
structure

* Nearby depth bands commonly
change in the same direction,
but their DO levels and
excursions remain different.

* The record includes both
gradual changes and short-
lived departures.

* These are the temporal and
vertical patterns that the
simulation components are
intended to reproduce.
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One simulation provides
one complete simulated
history

* The gray line is one simulation;
the orange and blue marks
show monitoring observations.

* The simulation combines the
expected DO pattern with
correlated departures.

* It represents the fitted
structure (i.e., behavior) rather
than attempting to reproduce
every observation point-for-
point.
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A second simulation
produces a different
history

* The expected pattern and fitted
parameterization remain
unchanged.

* Newly drawn correlated
departures change the timing
and magnitude of DO
excursions.

* Neither simulation is the

preferred trajectory; both
represent expected variability.
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Additional simulations
fill out the range of
outcomes

* Adding simulations samples
the same fitted model more
completely.

* The center and range of
simulated behavior begin to
emerge.

* Tail behavior remains more
sensitive to how many
simulations have been
generated.
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The ensemble
summarizes variation
across 100 simulations

* The dark band shows the
central 50% of simulated
values; the light band shows
the full simulated range.

* The bands summarize results
across simulations; neither
band represents an individual
simulation.
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Each simulation
represents one full year
of hourly DO

* Assessment endpoints are
calculated separately for each
simulation, producing 100
endpoint values.
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Number of simulations

* The following analysis was
conducted to determine the impact
of number of simulations on
assessment-related endpoints.
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One “percent <1.0 mg/L’
endpoint per simulation

* We applied 1.0 mg/L uniformly as a
fixed reference point for this illustrative
Deep Channel segment to create a
consistent simulation-level endpoint for
the stability analysis—not to
characterize water-quality attainment.

* Across 100 simulations, the endpoint
values form the distribution shown in
both panels.

* P10, the mean, and P90 summarize
that distribution.

* P10 | Mean | P90: 4.662 | 4.771 | 4.924
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Herizental interval shows P10 to P90; point marks the mean.
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The experiment asks how closely smaller subsets
reproduce the 100-simulation summaries

Reference set Randomly draw a subset Calculate
Start with 100 simulation-level Select n distinct values without Calculate P10, the mean, and P90
endpoint values. replacement. from the subset.
{ ] (] (] (]
D ®0%0%0%0° [ P10 ][Mean][ P90 ]
{ ] (] (] (]
100 endpoint values n selected

a oy °

Compare

Compare each set of repeated estimates with its
matching full-set result.

P10 C [0 X0) )
Mean C <O )
P90 C o< D

C@® > Repeated estimates < Full-set result

The 100 simulations provide a benchmark, not theoretical truth.

Repeat 100 times

Create repeated estimates of P10, the mean, and P90 for
this n.

PI0 ©0°206°%0045%20°% 50 4595
Mean 000500250 5% 020

PO ©90°%00 45%0 % g0 4 0,

100 repeated estimates for each statistic
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For each statistic—P10, mean, or P90—the 100 repeated subsets
produce a distribution of estimates.

Stability has two distinct
parts

Consider the repeated subset estimates for one statistic

PO5 Full-set Me.dlan PO5
result estimate

.. O o OO0 O Oz0; om0 . ° 0
« Deviation from reference: Is the O~ o fo—0—0o0—0 =00 o——o ©
median repeated-subset estimate e—>
centered on the 100-simulation SR
result? 1) Deviation from reference
o _ _ . How far is the median subset estimate from the
P95-P0O5 repeate_d draw rar_]ge' 100-simulation result?
How much do estimates typically | |
vary whe;w different subsets are REPRODUCIBILITY
selected” 2) P95-P05 repeated-draw range
e P10 and P90 describe end pOint How much do estimates typically vary when different subsets are selected?
values within an ensemble; PO5
and P95 describe estimates across
repeated subset selections. The percentile labels refer to different levels of the experiment
* An estimate can be centered but Within each selected subset Across the 100 repeated subsets

still sensitive to which simulations

are included P10 Mean [ P05 ] [ Median J[ P95 ]

summarize simulation-level endpoint values summarize the repeated estimates
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Larger ensembles improve T
I Percent < 1 mg/L: Subset Stability by Simulation Count
both pa rtS Of Sta bl | Ity FPoints: median across draws; bars: 5th-95th percentile; dashed line: 100-simulation reference.

P10 Mean P20

PAD: Full SetResult

* Median subset estimates generally 9
approach the 100-simulation
reference as n increases.

* Repeated-draw intervals generally
narrow because different subsets
produce more similar estimates.

* The mean generally stabilizes faster
than P10 and P9O.

* The tail summaries therefore have
greater influence on the simulation-
count decision. 461 | P10: Full SetResult

4.8

474 Wean: Full SetResult

Statistic of simulation-level % below threshaold

0 20 40 60 g0 0 20 40 80 g0 0 20 40 80 80
MNumber of simulations used in subset
Interpretation;: Camvergence toward the dashed line and narrower bars indicate greater stability,

See ‘extras’ for supporting slide. 19




The analysis uses three non-overlapping classes based on
deepest designhated use

m Segments were assigned to mutually exclusive classes so that each
segment contributes to only one class summary.

m The analysis includes 10 Deep Channel segments, 8 additional Deep
Water segments, and 74 remaining Open Water segments.
— The stability summaries retain 72 Open Water segments after excluding APPTF and NORTF
because their below-threshold responses were trivial.
m Fixed reference thresholds of 1.0, 1.7, and 3.2 mg/L were used to
create consistent diagnostic endpoints for the three classes.

m These endpoints were used to evaluate simulation-count stability, not

to reproduce the complete criteria-assessment procedure or determine
attainment.
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Deep Channel class stability

* Each line represents one Deep
Channel class segment; columns
show P10, the mean, and P9O.

* The upper row shows signed
deviation from each segment’s 100-
simulation reference.

* The lower row shows sensitivity to
subset selection, measured by the
P95-PO5 repeated-draw range.

e Centering improves relatively
quickly, while reproducibility
improves more gradually.

* At 50 simulations, the median
repeated-draw ranges are 0.037,
0.021, and 0.035 percentage points
for P10, the mean, and P9O.

See ‘extras’ for comparable Deep Water class and Open Water class figures.

Subset Stability Summary by Class (Deep Channel - Approach C retained set: <1.0 mg/L)
Red line shows the highlighted segment named in each facet strip.

Deviation from reference

P85 - P05

-0.14

-0.21

0.4
0.31
024 \)
0.1

0.0+

P10
(CBAMH)

Mean
(PATMH)

P90
(PATMH)

20

40

60

80

20

40

60

80

0 20 40

Number of simulations
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20 simulations su pport P95—-P05 repeated-draw ranges by class and statistic

= retained segments === highlighted example

testing, 50 simulations Mean

Improve stability
Deep Channel :
selected
* By 20 simulations, class-median “ﬂmp'ﬁ
absolute deviations from the '

reference were below 0.01
percentage point

* Across classes and statistics, class-
median repeated-draw ranges Deep Water
narrowed from 0.036-0.088 i
percentage points at n=20 to 0.012-
0.044 at n=50.
* PO95-P0O5 repeated-draw ranges
to 60 simulations. et ted L K
 ANATF_MD is an exception to the
general pattern; later slides examine e T

generally continued to narrow, but

class medians changed by no more

itS SenSitiVity in more deta” | - Numbero‘fnmulatlnns used in subset
Ranges are percentage points; each class row uses its own vertical scale.

than 0.006 percentage point from 50 | 9penwater | =
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Most segments are stable at
50 simulations

* Open symbols—individual segment
repeated draw range for n=50.

* Filled symbols-median repeated
draw range.
 P10: 0.012-0.037
 Mean: 0.021-0.026
* P90O: 0.035-0.044

* ANATF_MD is the clear exception,
with ranges of 0.576, 1.510, and
5.073 percentage points for P10,
the mean, and P90.

Segment-level repeated-draw ranges at n = 50

P95—P05 range (percentage points); open symbols = segments, filled symbols = class medians

O Deep channel (10) Deep Water (B) /\ OpenWater (72) @ class median ’ AMATF_MD
[o] [a] 80 . [o] (] 0'0
P10
A A
*\ . A ':"" i #}‘fﬁﬁﬁ i-’u"- i & ﬁﬁha’{‘ 'ﬂn-"\l: 'T"ﬁﬁ.-'\ R'.-'\Ar-. "‘AR 8 a a B ”"’ 0.576
o Le]
e o [s] ‘} [}
Mean
A A A &
i\ﬁ.’\ . & Aa ""'-'"1"?\ A II.‘:"‘\ ,?"o\hf\, M% III\‘I-"\II'I,.‘..-\\.-'\ lﬁ'ﬁ ":\'ﬂl"'- M-ﬂnnnmf'. 2 A ’ 1510
(o] Co
2 & Lo
P90
& A A4 Ad | A A A A 5.073
b 4 A A ﬁ-‘-ﬂﬁ ﬁ“"r-. dhﬁfmﬂanq\ﬁ h‘?\-\lﬂ,{"é’.\"ﬁ‘ MQ A .
£0.001 0.01 0.1 1 10

P95—P05 repeated-draw range (percentage points; logarithmic spacing)

Values =0.001 percentage point—including four zero P10 ranges—are shown ot the left bound.
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ANATF_M D is a stress case, Subset Stability by Simulation Count (ANATF_MD, <3.2 mg/L)
n Ot th e bas IS fo r th e Points: median across draws; bars: 5th-95th percentile; dashed line: full-simulation reference.

P90

P10 Mean
standard count

204

* The median repeated-subset

estimates approach the 100-
simulation reference.

* Repeated-draw intervals remain
wide, especially for P9O.

* At 50 simulations, the ANATF_MD
P90 range is 5.073 percentage
points, compared with an Open

Water class median of 0.044. __ m __
« ANATF_MD therefore requires NSRS i

separate scrutiny, but it should not 0L

154

104

Statistic of simulation-level % below threshold

0 20 40 60 80 0 20 40 60 80 0 20
d ete rm | ne the Sta nda rd ensem ble Number of simulations used in subset

Interpretation: Convergence toward the dashed line and narrower bars indicate greater stability.
size for all segments.

40 60 80
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Threshold proximity helps
explain the ANATF_MD
result

 ANATF_MD has an unusually large share of
deterministic predictions near the 3.2
mg/L reference threshold.

e Approximately 3.7% lie within £0.50 mg/L
of the threshold—second highest among
the 74 Open Water segments.

* Approximately 18.7% lie within £1.00
mg/L—highest among the 74 segments.

* Comparatively limited grid-hour support
may also contribute; residual variability is
moderate rather than uniquely extreme.

* The sensitivity appears to reflect several

contributing conditions rather than one
isolated cause.

Percent of retained grid-hours per 0.10 mg/L bin

Distribution of deterministic mean-model distance from threshold

Zero is 3.2 mg/L; shaded area is +/- 0.50 mg/L

ANATF_MD

Other segments
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Synthesis and application

The mean stabilized sooner than P10 and P90, so the tail statistics have
greater influence on the production count.

At 20 simulations, the typical segment’s estimate was already close to its
100-simulation result, but tail estimates and sensitive segments were more
variable.

Use 21 simulations for workflow testing and exploratory work, not for
production analyses.

For most segments, improvements became progressively smaller around
50-60 simulations; use 51 as the provisional production count.

ANATF_MD results might suggest increased simulation size for borderline
assessments.

Re-evaluate the production count using the adopted CFD procedure and
percentile-based assessment rule.
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Extras
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Tail stability using an
lllustrative Deep Channel
segment

* The mean narrows relatively
quickly; P10 and P90 remain more
sensitive to which simulations
were selected.

* |ncreasing n from 5 to 20 to 40

improves both centering and
reproducibility.

40
301
201
104

401

ensity

401
301
20
101

Percent < 1 mg/L: Repeated Subset-Draw Distributions
Reference lines | Mean: 4.771 | P10: 4.662 | P90: 4.924

304

c 204
0 104

= P10 | Mean ! Poo
P10 Mean P90
. 1 I
; ; !
. | - -
: | ! Il
= " (4, ]
_,_//L /J\ |
—_—— |_hl—|
|—1—|
1 I
I I
: I : -
. 1 1
- [~ ]
4~/\ ' )
. I ﬂ
1 |
: |
- =]
]
| . e
I | e
. 1 )
46 47 48 49 46 47 48 4.9 46 47 48 49

Subset-based statistic across repeated draws
Harizontal interval at the bottom of each panel shows the median and 5th—85th percentile interval of the repeated subset-draw distribution.
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Deep Channel Class

e At 50 simulations, median P95-
PO5 ranges are 0.037, 0.021, and
0.035 percentage points for P10,
mean, and P90.

* The additional change from 50 to
60 simulations is modest.

Subset Stability Summary by Class (Deep Channel - Approach C retained set: <1.0 mg/L)

Red line shows the highlighted segment named in each facet strip.

Deviation from reference
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\
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Deep Water Class

e At 50 simulations, median ranges
are 0.025 (P10), 0.026 (mean),
and 0.037 (P90) percentage
points.

e PAXMH’s P90 repeated-draw range

remains comparatively high: 0.221
at n=50 and 0.217 at n=60.

Subset Stability Summary by Class (Deep Water - Approach C retained set: <1.7 mg/L)

Red line shows the highlighted segment named in each facet strip.

Deviation from reference

P95 - PO5

0.2

0.0+

-0.24

-0.44

1.004

0.504

0.254

P10 Mean P90
(PAXMH) (PAXMH) (PAXMH)
0 20 40 60 80 80
0 20 40 60 80 0 20 40 60 80 20 40 60 80

Number of simulations
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Subset Stability Summary by Class (Open Water - Approach C retained set: <3.2 mg/L)

O pe n Wate r C | aSS Red line shows the highlighted segment named in each facet strip.

P10 Mean P90
(ANATF_MD) (ANATF_MD) (ANATF_MD)

* At 50 simulations, median P95-
PO5 ranges are 0.012, 0.021, and
0.044 percentage points.

Deviation from reference

* ANAT F_ MD’s re pea ted-draw R 20 40 60 80 0 20 40 60 i 20 40 80 80

ranges reach 0.576, 1.510, and
5.073 percentage points for P10,
the mean, and P9O. o)

P95 - P05

§ _ \

//
|

0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Number of simulations
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