Bill James SWMM Network Simi
for Machine Learning Class

Robert Bio: @Innovyze PSL [INfoSWMM, InfoSewer] &&
Co-Developer [EPA SWMM 3,4,5+, XPSWMM, Visual
SWMM] + Strategy Coordinator for SWMM6
w/NCIMM] Since 1978 he has worked: 160 Months at
UF, 117 Months at XP Software Inc., 90 Months at
CDM Inc., 134 Months at Innovyze Inc. 23+ Months
w/NCIMM He has known Bill James for 482 months.

Modeling

52 International Conference

On Water Management

arity Score
‘ication

Feb 27 & 28, 2019
Toronto, Canada

Works in Tampa, FL USA w/Wife

Charles Rowney: @NCIMM Director of
Operations && Senior Research Fellow at UT

Austin

Articles & activity

11,517 followers  Manage followers

Matthew Anderson: @Innovyze Product
Manager - Sewer Storm and Flood && SCRUM

Master

How to Use Population
“ ataNode for DWF in...

®

How to Use Population at a Node for
DWF in SWMM5 and InfoSWMM The
SWMMS5 engine uses mean flow as the

dry weather flow value (DWF) ...see more
1 Comment &

& Like @ Comment 2 Share

Robert Dickinson
Published on Linkedin

Anthony Kuch - @Innovyze Vice President of
Global Client Services

See all articles

- Node for DWF in SWMMS an...

See all activity

W OPEN SWMM

DISCUSSIONS
lllllllll

EEEEEEEEEEEEEE

How to Use Population at a
Robert shared this )

1 Comment

Hello James, SWMM was

actually designed to model...

Robert replied to a comment

Congratulations Paul on
receiving a " Lifetime...

Robert commented

International Conference On Water Management Modeling



The Other Bill James - Baseball Similarity Score

Similarity Scores

Similarity scores are not our concept. Bill James introduced them in the mid-1980s, and we
lifted his methodology from his book The Politics of Glory (p. 86-106). To compare one
player to another, start at 1000 points and then subtract points based on the statistical
differences of each player.

Batters

One point for each difference of 20 games played.

One point for each difference of 75 at bats.

One point for each difference of 10 runs scored.

One point for each difference of 15 hits.

One point for each difference of 5 doubles.

One point for each difference of 4 triples.

One point for each difference of 2 home runs.

One point for each difference of 10 RBI.

One point for each difference of 25 walks.

One point for each difference of 150 strikeouts.

One point for each difference of 20 stolen bases.

One point for each difference of .001 in batting average.
One point for each difference of .002 in slugging percentage.

Then there is a positional adjustment. Each position has a value, and you subtract the
difference between the two players' position. James just uses primary position, but we
computed an average position for players who had more than one primary position. (See
Ernie Banks)
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Similarity Scores

Similar Batters

. Barry Bonds (740.2)

. Ted Williams (731.7) *

. Lou Gehrig (705.6) *

. Jimmie Foxx (700.5) *

. Willie Mays (688.2) *

. Hank Aaron (645.9) *

. Mel Ott (644.2) *

. Erank Robinson (641.8) *
. Alex Rodriguez (635.7)

. Ken Griffey Jr. (629.0)*

* - Signifies Hall of Famer
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Explanation of Similarity Scores

Most Similar by Ages
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Bill James Model Similarity Score and Machine Learning
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Bill James Model Similarity Score and Machine Learning

WHY IS THERE SUCH A DIVIDE BETWEEN
SIMULATION AND MACHINE-LEARNING

If | tell you that simulation is extremely powerful and massively undervalued, | likely preach
to the choir. If | tell you that machine-learning (ML) can be extremely successful at solving
business problems, you will yawn. However, have you noticed how they never work
together? Weird, isn’t it? They both apply “models”, they both handle data, they both are
good at solving certain problems. Why are they mixed so rarely?

The main reason for the divide | see is this: simulation models are build “process-
centric” while ML models are built “data-centric”. What | mean is this:

« For a simulation model, the modeler needs to understand the processes going on, he
needs to talk to operators and decision-makers. He needs to gather the relevant data.
He needs to see and observe the system (ideally on site)

 For a ML model, the modeler needs data. More often than not, that is it. Very often, data
scientists are thrown at with data and the instruction “go find something”. Very little (if
any) situational awareness is required by the modeller.

Hence, simulation modellers and data scientists are a different breed with a different
skillset. Since it is unlikely that the data scientists of this world will collectively decide to
embrace this fringe simulation modelling stuff we love, | suggest we go the other way and

embrace ML.
5/6/2019



SWMM5.1.013 Simulations Versus Observation

H&H Calculation System in '

SWMM4/5/6

e Goal - Making Sense of Water
Generation and Water Flow Rules
by showing all internal variables

To Make
Sense of
this..

Tao of software testing

To Gain
Insights on

o JEA[E JEIE
o 1B, . AR 28
— %% - Tool
— K - Test Case
— i7 - Knowledge
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a1 swimm_crada_files

~

[] Mame

[ ] SWDAT1.DAT
[ ] SWDAT2.DAT
| ] SWDAT3.DAT
[ ] SWDAT4.DAT
| ] SWDAT5.DAT
| ] SWDAT6.DAT

SWMM 1, 2, 3, 3.5, Extran 3 Test Models

Limited Tests

+ =4 o v B

Mainframes
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Input and Output FilesSW 10 20
Input and Output FilesSW 10 20

\

.

Date modified Type Size Folder
5/19/1989 8:39 AM  |DATFile 2TKE  SWMM4 (DASWM...
2161989 4:07 PM DAT File BKE  SWMM4 (DASWM..
5/27/19389 10:35 AM | DAT File BKE  SWMMA (DASWM...
5/19/1989 717 AM  DAT File 5KB  SWMMA (DASWM...
3/18/1989 2:36 PM DAT File EKE SWMM4 (DNSWM..,
. - ‘ 5/30/1989 7:41 AM  DAT File TKE  SWMMA (DASWM..
@Dﬁ.a\mﬁow\NELzlga,ilbgaqq:ﬁ&L
PHEOVOH-CBMBT
!f?";} R——— S
Cr——

Auto-Length: OFf v | Offsets: Depth ~

Flow Unitss CFS = | ]| Zoom Level: 100% | i 5084483, 17048438




SWMM 4/5 Test Models

More Tests

Faster

Tools on PC

DANGER
CHERRY-
PICKING DATA
AHEAD

All Files 5 1 SWMM5 QAQC Files

Mame - Updated

More Complicated QA QC Files for SWMM 5 Jun 28, 2018 by Robert Dickinson

Other SWMMS5S Files Jun 28, 2018 by Robert Dickinson

SWMM 5 Files from SWMM4 Extran Jun 28, 2018 by Robert Dickinson

C T N
® ® ©® ®

SWMMS5 Files from SWMM4 Runoff Jun 28, 2018 by Robert Dickinson
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Size H--

17 Files

594 Files

160 Files

266 Files



Key To White Box Testing are Good Example Files

@ OPEN SWMM KNOWLEDGE CODE RESEARCH

¥ OpenWaterAnalytics / Stormwater-Management-Model @ Unwatch~ | 26
forked from USEPA/Stormwater-Management-Model
SWMM Knowledge Base _—
<> Code Wiki

EXAMPLE MODELS

£2

® P D P D QP

5/6/2019

Flow through a constriction

20 Jan 2018 | Robert Dickinson

Complete Single Event and Continuous Simulation Tutorial EPA
SWMNMS5.1.012 Model

11Jan 2018 | Robert Dickinson

PCSWMM 3.2 EXERCISE 1C for SWMM5

11 Jan 2018 | Robert Dickinson

Attenuation along a 21,000 foot long series of links - SWMMS5 Model

05 Jan 2018 | Robert Dickinsen

All 57 culvert types in a single SWMM5 model

05 Jan 2018 | Robert Dickinson

Example VSP rules for 3 Pumps in SWMM3

05 Jan 2018 | Robert Dickinsen

Example PID Control for a Pump in SWMM5

05 Jan 2018 | Robert Dickinson

Issues 40 Pull requests 7 Projects 3 Insights

Branch: develop~ = Stormwater-Management-Model / tests / Create new file

This branch is 314 commits ahead of USEPA:master.

% Unstar = 16 YFork 46

Upload files | Find file = History

17 Pull request Compare

Iil michaeltryby Creating benchmark for user tests Latest commit 3292ca4 21 days ago
B swmm-nrtestsuite Creating benchmark for user tests 21 days ago
E) README.md Updating swmm-nrtestsuite instructions 3 months ago

README.md

SWMM Regression Testing

Prerequisits

Running SWMM's regression test suite swmm-nrtestsuite requires installation of the following software.

s git

e C compiler - MSVC, gecc, xcode
s cmake

e python 2.7 including setup tools

* swig

Step by Step Guide for Linux and MacOS



Case Coverage vs Code coverage

What most people don’t realize 1s that there are two kinds of coverage:

1. Code coverage: how much of the code is exercised, and

2. Case coverage: how many of the use-cases are covered by the test suites

Case coverage refers to use-case scenarios: How the code will behave in the
context of real world environment, with real users, real networks, and even
hackers intentionally trying to subvert the design of the software for nefarious

purposes.

Coverage reports identify code-coverage weaknesses, not case-coverage
weaknesses. The same code may apply to more than one use-case, and a
single use-case may depend on code outside the subject-under-test, or even in

a separate application or 3rd party APL

Because use-cases may involve the environment, multiple units, users, and
networking conditions, it is impossible to cover all required use-cases with a
test suite that only contains unit tests. Unit tests by definition test units in
isolation, not in integration, meaning that a test suite containing only unit
tests will always have close to 0% case coverage for integration and

functionaluse-case scenarios.

100% code coverage does not guarantee 100% case coverage.
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1,024 items

MTests

Results

SWMMandSoftware
SWMM3.013_June2018

EPASWMM3.1.013
Experimental_v13
Swmm3.1.013UpdateTests

Calibration_Files
DataFiles
Hydraulics
Hydrology
InfoSWMM Model Folders
LEW_update v5113
LID
MCIMM_ROUTING
Orifices
OWA_EXAMPLES
OWA_EXTRAN
OWA_ROUTING
OWA_update_v3111
OWA_USER
Pumps
SWMM3_NCIMM
vl

v13

Weirs

wa

KPSWMM

SWMM3_CODE
GUI5_1_013
source3_1_013

wscode

V52017-CLE

V52017-CLE_REGRESSION !
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Case Coverage vs Code coverage

« 4 [l s Search Results in Swrnms3.1.013UpdateTests

ﬁ extran1_irregular.inp

ﬁ extran1_KW_Divider.inp

ﬁ extran_modified_baskethandle.inp

ﬁ extran1_parabolic.inp

ﬁ extran_power.inp

ﬁ extran1_rect_closed.inp

ﬁ extranl_rect_open.inp

ﬁ extran1_rect_round.inp

ﬁ extran1_rect_triangular.inp

ﬁ extran1_rectangular.inp

ﬁ extran_semi_circular.inp

ﬁ extran1_semi_elliptical.inp

ﬁ extran1_slot.inp

ﬁ extran1_triangular.inp

ﬁ extran1_vertical_ellipse.inp

ﬁ extran.inp

ﬁ extran2_slot.inp

ﬁ extran3.inp

ﬁ extran3_bottom_orifice.inp

ﬁ extran3_bottom_orifice_pid.inp

ﬁ extran3_bottom_orifice_si_units.inp

ﬁ extran3_bottom_rect_orifice.inp

ﬁ extran3_bottom_rect_orifice_si_units.inp

ﬁ extran3_side_open_close_orifice.inp

ﬁ extran3_side_open_close_orifice_si_units.inp

ﬁ extran3_side_open_close_rect_offset_orifice.inp

ﬁ extran3_side_open_close_rect_offset_orifice_si_units.inp

ﬁ extran3_side_open_close_rect_orifice.inp

ﬁ extran3_side_open_close_rect_orifice_si_units.inp

ﬁ extran3_side_orifice.inp

ﬁ extran3_side_orifice_si_units.inp

ﬁ extran3_side_rect_orifice _si_units.inp
extran3_side_rect_orifice.inp

ﬁ extran3_slot.inp

ﬁ extrand.inp

ﬁ extrand.inp

ﬁ extrand_no_surcharge.inp

ﬁ extrand_roadway.inp

ﬁ extrand_sideflow.inp

mjad:rand_slot.inp
mjactrand_trapezoidal.inp
mjad:rand_vnotch.inp
ﬁExtrandmod.inp
ijxtrandmod_\.r‘IZ.inp
mjextraniinp

mjextranE_slot.inp

mjextranﬁ.inp

mjextranﬁ_slot.inp
ﬁactranﬁ_type‘l.inp
ﬁactranﬁ_type‘l.inp
ﬁextran6_type1_c0ntro|_ru|e.inp
ﬁactranﬁ_typel.inp
ﬁextran6_type2_contro|_ru|e.inp
ﬁactranﬁ_typelinp
ﬁextran6_type3_contro|_ru|e.inp
ﬁad:ranﬁ_typed.inp
ﬁextran6_typed_contro|_ru|e.inp
mjextran?.inp

mjad:ran?_slot.inp
mjextran%a.inp
mjactran%a_slot.inp
ﬁextran%b.inp
ﬁad:ran%b_slot.inp
mjextran‘}.inp

mjad:ran‘}_slot.inp
mjextran‘lo.inp
mjactran‘lo_slot.inp
ﬁE}drmelySmallModels.inp

| FALSEPUMPS.inp
ﬁfeng_scs_test_model.inp
ﬁfen g_scs_test_model_v13.inp
NjFINAL FIX OKE SIMULASI EKSISTIMNG KALIBRASI MODEL.inp
ﬁFixed_NEIDB_ExistingB&M.inp
mjflat_acample_‘l.inp

| Flat_FM_SeaLevel.inp

I FM_ExampleZ.inp
NjFM_OFFSET_ISSUE.inp

_|force_main_example.inp

ﬁforce_main_acample.inp
mjforce_main_gravity_acample.inp
mjforce_main_gravity_acample.inp
NjFORCE_MAIN_REYNOLDS.inp
ﬁfroude_dampen.inp
mjfroude_ignore.inp
mjfroude_keep.inp

| FTR_Prelim_Model_Updated.inp
mjfullparkinglot.inp
mjfutureZOSO.inp
mjfutureZOSO.inp
mjgate_control_}l.inp
mjgate_controlj.inp
mjgate_controlj.inp
ijov_run.inp
ﬁgreat_miami.inp
ﬁGreen_Ampt_Imper\.rious_Watershed_ExampIe.inp
ﬁGreenAmpt_Huff_Distribution.inp
ﬁgreenroofs.inp

| Greenville_EPAINP
ﬁGreenville SI_1_Month.inp

ﬁGreenvilleSnowmelt.inp

Zgw.inp

| GW_INTERACTION.inp
mjGW_mod_horton_seepage_swmmE.inp
| GWNODE.inp
ﬁH&'.H_storage_acample.inp

| HEC_HMS_HYETOGRAPHS.inp
ﬁhechms.inp

j HIGH_BC_CRITICAL_UPSTREAM_DOWMSTREAM_EXAMPLE_SW5.inp
j HIGH_BC_CRITICAL_UPSTREAM_DOWRMNSTREAM_EXAMPLE_SW5.INP

mjhigh_ele\ration_model.inp

ijigh_Low_FIow.inp
ﬁHorton_Continuous_ModeI.inp
mjHorton_Huff_Distribution.inp
ﬁHorton_Per\.rious_Imper\.rious_Watershed_ExampIe.inp
ijor‘tonFromCS.inp

“|HRSDtest_cim_7.inp

NjHUFF_DISTRIBUTIONS.inp

ﬁ HW_Forc
“HYDQUA
“HYDQUA
“HYDQUA
“HYDQUA
“HYDQUA
“HYDQUA
“HYDQUA
“HYDQUA
“HYDQUA
“HYDQUA
“HYDQUA
ﬁ Hydraulic
ﬁ Il_Grounc
ﬁ indy_sma
“infiltratio
“infiltratio
“linflowOri
ﬁ InfoSewe
“llinfosWm
“llinlet Pipe
ﬁ Inlets.inp
ﬁ Intercept:
“IIRR & AB
“I)E. BALL

ﬁ jason_doi
ﬁjoe_li_pro
mjjosep h_pi
mj]utra s.inp
mj]utra s2 v
ﬁ kedric_m
ﬁ kembla.ir
ﬁ Kevin_tes
ﬁ Kevin_tes
“killian_ne
TKW_No_L
ﬁ lakes.inp

ﬁ Large_GW
ﬁ large_rive

>
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SWMM Output APl from OWA

#define MAX STATISTICAL RESULTS 17 J// NCIMM

Benum StatsType {
SIM, lf
0BS, lf
RMSE, !/
MAE, !/
MSLSE, !/
STDSIM, !/
STDOBS, !/
SkewnessSim, Iy
KurtosisSim, Iy
Skewness0bs, Iy
KurtosisObs, Iy
LogMNASH, !/
IndexD, !/
ISE, lf
KGE, lf
R, /

I NASH}; !/

5/6/2019

Simulated Mean

Observed Mean

Root Mean Square Error

Mean Average Error

Mean Simple Least Square Error
Simulated Standard Deviation
Simulated Standard Deviation
Skewness of Simulated
Kurtosis of Simulated
Skewness of Observed

Kurtosis of Observed

Log Mash-Sutcliffe Efficiency
Index of Agreement

Integral square error
Kling-Gupta

korrelation coefficient
Mash-Sutcliffe Efficiency

swmm_output.c

b output.c ohjects.h rain.c ifs [T

(%] SWMM55.013_June2018-DLL

'I

routing.c
(Global Scope]

masshal.c

=l

*

# OH ¥ ¥ ¥ W

*

E#include

#include
#include
#include
#include
| #include
JS/#inclu
#define

* swmm_output.c - SWMM Output API

Author: Colleen Barr
Us EPA - ORD/NHEERL

Modified by: Michael E. Tryby,
Bryant McDonnell

" swmm_output.h”

<stdlib.h>
<stdio.h>
<string.h>
"errormanager.h”
"messages.h”
de "datetime.h"
_CRT_SECURE_NO_DEPRECATE

11



SWMM Testing as Black and White Boxes

Objective Function [Fitnesz Ewvaluation kMethod] :

Comparison among Black-Box & \White-Box Tests

Black
Box

EIn—

www.softwaretestinggenius.com
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Type #2;
Type #3:
Type #4:
Type #5:
Type HE:
Type #Y:
Type #E:
Type #3:

[MCE] Modified Coefficient of Effiziency [ldeal Y alue: 1.0]
[DRMSE] Dimengionlezs Root Mean Square Emar (|deal VY alue: 0.0]
[D5SL5E] Dimensionless Simple Least Square Ermor [[deal Walue: 0.0]

. alue: 0.0]
[SLSE] Simple Least Square Ermror [Ideal W alue: 0.0)
[MLSE] Mean Leaszt Square Ermar [|deal Yalue: 0.0]
[OTW] Difference in Total Yaolume [Ideal Y alue: 0.0]
[MSELC] Mash-Sutcliffe Efficiency Crterion [Ideal Walue: 1.0)
[R-Square] B2 [Ideal Walue: 1.0

UH2 UH3 DWFFlow OUTFlow INFlow NODE _CE DQDH DENOM Node F YCROWN
Days Hours. (10cfs) (11cfs) (12cfs) (13cfs) (14cfs) (15cfs) (16ft~2/s) “7ft22/s) (18#) (19ft)
0 00:05:00 0.000 0.000 0.000 0.000 0.000 0.000 0.442 0.000 0.000 12.000
0 00:10:00 0.000 0.000 0.000 0.000 0.000 0.000 2.061 0.000 0.000 12.000
0 00:15:00 0.000 0.000 0.000 0.000 0.000 0.000 4.956 0.000 0.000 12.000
0 00:20:00 0.000 0.000 0.000 0.000 0.000 0.000 8.035 0.000 0.000 12.000
0 00:25:00 0.000 0.000 0.000 0.000 0.000 0.000 10.143 0.000 0.000 12.000
0 00:30:00 0.000 0.000 0.000 0.000 0.000 0.000 11.872 0.000 0.000 12.000
0 00:35:00 0.000 0.000 0.000 0.000 0.000 0.000 13.467 0.000 0.000 12.000
0 00:40:00 0.000 0.000 0.000 0.000 0.000 0.000 14.925 0.000 0.000 12.000
0 00:45:00 0.000 0.000 0.000 0.000 0.000 0.000 16.256 0.000 0.000 12.000
0 00:50:00 0.000 0.000 0.000 0.000 0.000 0.000 17.503 0.000 0.000 12.000
0 00:55:00 0.000 0.000 0.000 0.000 0.000 0.000 18.746 0.000 0.000 12.000
0 01:00:00 0.000 0.000 0.000 0.000 0.000 0.000 20.080 0.000 0.000 12.000
0 01:05:00 0.000 0.000 0.000 0.000 0.000 0.000 21.320 0.000 0.000 12.000
0 01:10:00 0.000 0.000 0.000 0.000 0.000 0.000 22.507 0.000 0.000 12.000
0 01:15:00 0.000 0.000 0.000 0.000 0.000 0.000 23.635 0.000 0.000 12.000
0 01:20:00 0.000 0.000 0.000 0.000 0.000 0.000 24.724 0.000 0.000 12.000
0 01:25:00 0.000 0.000 0.000 0.000 0.000 0.000 25.767 0.000 0.000 12.000
0 01:30:00 0.000 0.000 0.000 0.000 0.000 0.000 26.769 0.000 0.000 12.000
0 01:35:00 0.000 0.000 0.000 0.000 0.000 0.000 27.731 0.000 0.000 12.000
0 01:40:00 0.000 0.000 0.000 0.000 0.000 0.000 28.653 0.000 0.000 12.000
0 01:45:00 0.000 0.000 0.000 0.000 0.000 0.000 29.538 0.000 0.000 12.000
0 01:50:00 0.000 0.000 0.000 0.000 0.000 0.000 30.383 0.000 0.000 12.000
0 01:55:00 0.000 0.000 0.000 0.000 0.000 0.000 31.194 0.000 0.000 12.000
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SWMM Testing as Black and White Boxes

Comparison among Black-Box & \White-Box Tests

Black
Box

www.softwaretestinggenius.com
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I Inflow (CFS)
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; 15
g
10
3
Elapsed Time (hours)
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Grey Box vs White Box vs Black Box
The "box" approach

Software testing methods are traditionally divided into white- and black-box testing. These
two approaches are used to describe the point of view that the tester takes when designing
test cases. A hybrid approach called grey-box testing may also be applied to software testing
methodology.'"1l"] With the concept of grey-box testing—which develops tests from specific
design elements—gaining prominence, this "arbitrary distinction" between black- and white-

box testing has faded somewhat.":

Differences Between Box Testing Types

Internals Internals

Not Fully
Known Known

Testing Testing
As As

User Developer

5/6/2019
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Calibration Files

Flog, //
Other SWMMS5 Output
File Comparion log //

NCIUMM 2018

FoutCompare, //
Other SWMMS5 Output

File /1"

FcalibrationE, //
Calibration file Innovyze
RED 2016
Groundwater Elevation

FcalibrationG, //
Calibration file Innovyze
RED 2016
Groundwater Q

FcalibrationL, //
Calibration file Innovyze

RED 2016 Node

Lateral Q

5/6/2019

FcalibrationQ, //
Calibration file Innovyze
RED 2016 Link Q

Fall_log, // All
log files combined

/1" /1"

FcalibrationH, //
Calibration file Innovyze
RED 2016 Node
Depth

FcalibrationV, //
Calibration file Innovyze
RED 2016 Link V

Fcalibrations, //

Calibration file Innovyze
RED 2016 // Storage
Volume in a Storage
Node

FcalibrationNH, //
Calibration file Innovyze
RED 2016 Node
Head

FcalibrationD, //
Calibration file Innovyze
RED 2016 Link D

FcalibrationNA, //
Calibration file Innovyze

RED 2018
Area

Node

FcalibrationNSA; //
Calibration file Innovyze
RED 2018

Node

DQDH

FcalibrationR, //
Calibration file Innovyze
RED 2016 Runoff

FcalibrationNF, //
Calibration file Innovyze
RED 2016 Node
Flooding

FcalibrationHGL, //
Calibration file Innovyze
RED 2016 Link HGL




Performance Evaluation Functions

SIM, //
Simulated Mean

OBS, //
Observed Mean

RMSE, //
Root Mean Square
Error

MSLSE, //
Mean Simple Least
Square Error

KurtosisSim, //
Kurtosis of
Simulated

LogNASH, //
Log Nash—Sutcliffe
Efficiency

5/6/2019

STDSIM, //
Simulated
Standard Deviation

STDOBS, //
Simulated
Standard Deviation

MAE, //
Mean Average
Error

SkewnessSim, //
Skewness of
Simulated

SkewnessObs, //
Skewness of
Observed

IndexD, //
Index of
Agreement

KurtosisObs, //
Kurtosis of
Observed

R, // Correlation
coefficient

N //

Integral square
error

NASH};

/!

Nash—Sutcliffe
Efficiency

KGE, //
Kling-Gupta

16



Evaluated Results

Subcatchment
Runoff

STOP

CHERRY  PICKING

Subcatchment
Infiltration

Link Flow

Link Depth

SYS_TEMPERATURE,
// air temperature

SYS_RAINFALL,
// rainfall intensity

SYS_DWFLOW,
// dry weather
inflow

SYS_GWFLOW,
// ground water
inflow

SYS_FLOODING,
// flooding outflow

5/6/2019

SYS_OUTFLOW,
// outfall outflow

Node Depth

SYS SNOWDEPTH,
// snow depth

SYS_IIFLOW,
// RDII inflow

SYS_STORAGE,
// storage volume

Node Lateral Flow

SYS_INFIL,
// infil

SYS_EXFLOW,
// external inflow

SYS_EVAP,
// evaporation

Node Total Flow

Subcatchment WQ

SYS_RUNOFF,
// runoff flow

SYS_INFLOW,
// total lateral
inflow

SYS_PET;
// potential ET

17



Wy System Graph [1/01/1357 - 01/021357] |

SWMM 5 Holistic System Graph
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18

| | ‘ % | r 56000
P Reference Graph (
Reference Graph P —— | Lssoon
"Rainfall” Reference Sources | Other Data Sources | “Rainfall” Reference Sources | Other Data Sources [ 52000
Reference Option 50000
[[] pata from Other Output Source(s) | Select... | None - 45000
. . . = 3
[] External Graph Data File | Browse... | Quick Multiple Graph Axes: 6 = 46000
| ‘ Quick Multiple Graph Panels: : [[]reverse Layout 44000
42000
Quick Mixed Graph
[ calibration Data (if available) L 40000
Advanced {User Defined) Panel Ratio (0, 1]
L= 38000
+~Main Axis ‘ Insert |
Reference Axis 38000
Reference Panel ‘ Delete | 34000
[ w | 32000
[ Dom | 30000
———— 28000
‘ Clear Al |
26000
Data Source 24000
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Direct Inflow (L/s)
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All Test Models have the Same ID’s
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Famous Extran 3 Models in InfoWorks ICM

———
32 InfoWorks ICM [8.5.2.17012 Snapshot 20180212_2245] - [GeoPlan - Classic Extran [Target]] —

N File Edit Network Selection GeoPlan Model Results  Actions Toels Windoew Help
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Master Hydraulics Model

It should be medium size
(100 to 200 elements) but
runs in a second

It should test closed and
open conduits as they are
the two main conduit types,

It should test the flows from
zero, partial, surcharge and
flooding/surcharge at the
node, this can be done using
a flow TS.

Two options for Node
Surcharging: Extran and Slot

Losses or No Losses in the
Links

5/6/2019

Two Types of Nodes: Storage
and Junction

Ponding or No
Ponding/Surcharge Depth or
Surcharge Depth

There are really five solutions
in SWMM: Dampen, Keep,
Ignore, KW and Steady State

Four options for Link
Offsets: No Offset, Upstream
Offset, Downstream Offset
and Both Offsets from the
Node Invert

Seepage or No Seepage in
the Links/Nodes

Water Quality/No Treatment
Equations or No Water
Quality or Water Quality w/
Treatment Equations

By my counting that means 1
*24* 1 R5*2*2*3%4%)

*2 *3 oratotal of 69,120
very similar networks
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Forcing Function for Hydraulics

»

ime Series Editar

Time Series Mame
| INFLOW®@1

Description

[ ] Use external data file named below

[+] Enter time series data in the table below

Mo dates means tirnes are relative to start of simulation.

Date Time ~
(M/D/Y) (H:M) Value Flooded

031 0

cerzzz00e [ ©
1 20 151
2 20 0
201 30 1
3 30 5]
301 20 ]
2 2 ook . . 4 -

0 2 3 4 5 5]
4.0 0 Elapsed Time (hours)
5 0
W Help Copy To... | | Print | | Close
5/6/2019
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The Famous Link Slot

Junction: MID&

5/6/2019

oeO

Fipe cross
section

Freissmann slot

Soffit level

Invert level

23



EXTERM TFile
Finp,

Fout,

Frpt,

Fclimate,
Frain,

Frunoff,

Frdii,
Fhotstartl,
Fhotstart2,
Finflows,
Foutflows,
Flog,
FoutCompare,
Fall log,
Fcalibrations,
FcalibrationR,
FcalibrationE,
FcalibrationG,
FcalibrationH,
FcalibrationhH,
FcalibrationNF,
FcalibrationL,
FcalibrationQ,
FcalibrationVv,
FcalibrationD,
FcalibrationHGL,
FcalibrationMA,
FcalibrationMsA;
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SWMM5.1.013 Generation of Calibration Files

iy
iy
iy
iy
iy
iy
iy
iy
iy
iy
iy
iy
iy
iy
iy
iy
iy
iy
'y
iy
iy
iy
iy
iy
iy
iy
iy
iy

Input file

Output file
Report file
Climate file
Rainfall fil
Runoff file
RDII inflow

=

file

Hot start input file
Hot start ocutput file
Inflows routing file
Outflows routing file

Other SWMMS Output File Comparion log

Other SWMM5 Output File
All log files combined

Calibration
Calibration
Calibration
Calibration
Calibration
Calibration
Calibration
Calibration
Calibration
Calibration
Calibration
Calibration
Calibration
Calibration

file
file
file
file
file
file
file
file
file
file
file
file
file
file

Innovyze
Innovyze
Innovyze
Innovyze
Innovyze
Innovyze
Innovyze
Innovyze
Innovyze
Innovyze
Innovyze
Innovyze
Innovyze
Innovyze

RED
RED
RED
RED
RED
RED
RED
RED
RED
RED
RED
RED
RED
RED

2816
2816
2816
2816
2816
2816
2816
2816
2816
2816
2816
2816
2818
2818

!
!
!
!

NCIUMM 2818

Storage Vol
Runoff
Groundwater
Groundwater
MNode Depth
Mode Head
Node Floodi
Mode Latera
Link Q

Link W

Link D

Link HGL
Node Area
Mode DQDH

-

O Mame
Calibration_Files
DataFiles
Hydraulics
Hydrology

InfoSWMM Model Folders

LEW_update w3113

Lo

MNCIMM_ROUTING

Orifices

OWA_EXAMPLES

OWA_EXTRAN

OWA_ROUTING

OWA_update_v3111

OWA_USER

Pumnps

SWIMMS_NCIMM

vi2

vi3

Weirs

WQ

KPSWMM
cleanup.bat
hydraulics_only.bat
hydrology_only.bat
make_dir.bat
MCIMM_REGRESSION_STATS.BAT
OWA_ONLY.BAT
SWMMS.DLL
[5] SWMMS.EXE

» SWMMandSoftware » SWMM35.013_June2018 » EPASWMMS.1.013 » Swmm3.1.013UpdateTests

Date modified

1/27/2019 1:11 PM
1/27/201912:54 PM
1/28/2019 3:17 PM
1/27/2019 215 PM
2/24/2019 5:25PM
1/27/2019 1:11 PM
1/27/2019 1:11 PM
1/8/2019 900 AM
1/9/2019 7:33 PM
1/27/2019 1:11 PM
1/27/2019 1:11 PM
1/27/2019 1:11 PM
1/27/2019 1:11 PM
1/27/2019 1:11 PM
1/13/2019 5:21 PM
2/13/201911:48 PM
2/25/2019 3:57 PM
2/25/2019 447 PM
1/13/2019 5:27 PM
12/19/2018 6:09 PM
1/22/201912:01 PM
1/27/201912:57 PM
1/M/2019 7:39 PM
1/11/2019 %:46 PM
11/8/2018 9:20 AM
1/11/2019 %:44 PM
1/27/201912:58 PM
1/25/2019 %:18 PM
1/1/2019 8:20 PM

Type Size

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder

File folder
Windows Batch File
Windows Batch File
Windows Batch File
Windows Batch File
Windows Batch File
Windows Batch File
Application extens...
Application

24

4KB
28 KB
32KB
1KB
75 KB
27KB
425 KB
10 KB



Batch Comparison of SWMMS5 Output Text Files

Bl 0:\MTests\NCIMM\NCIMI_Batch_Allbat » (SWMM5.012_QAQC) - Sublime Text - X
File Edit Selection Find View Goto Tools Project Preferences Help

FOLDERS 4p MNCIMM_Batch_All.bat
SWMM5.012_QAQC
makefiles
/% climate (2).c OWA="D: € | ite chme mm-5112
/% climate (3).c ENGINE1©="D .1.
P ENGINE11="D:\M Swmm5 . 1. tup 5".’1!._E'.*LE"
ENGINE12=" Sdlo ) 5v12.EXE"
/# climateM3008.c ENGINE13a
/% consts (2).h ENGINE13b="D:
/% consts (3Lh
/% consts.h
/* constsM3008.c
/% controls (2).c
/% contrals (3).c
/% controls M3008.c
/% controls.c BENGINE12% : i %v12%testl.rpt %vl2%testl.out
/% culvert (2).c HENGINE12% i Jev12% 2 Sev12% out
s+ culvert (31 %ENGINE12% st3.inp %v12% pt %v12%test3.out
/e culvertc HENGINE12% z i Fvl12%te Svil2%testd.out
§ i HENGINE12% i Fv12% Sov12% out
/4 datetime (2).c %ENGINE12% inp %v12%user: %v12%userl.out
%
- %ENGINE12% : inp %wl2%u: %v12%user2.out
i HENGINE12% 5 i Fov12%us fvl2%use
/% HENGINE12% : i Hv12%u: %v12%userd.out
P — %ENGINE12%  u: inp %v12%1
/% datetimeh HENGINE12% < 1.1 Sov12%ex 1. Sov 1 2%,
P FBENGINE12% e o t w12
WBENGINE12% Fov12%ex Fov 1 2%
o dmialEie %ENGINE12%
/% dwflow.c %ENGINE12% bex %v12%e
/% dynqual.c HBENGINE12% V¢ eb.1 %vl2%e 26.rpt %v12%e
/e dynwave (2).c BENGINE12% ~anl .1 %v12%extranl.rpt %v12%e
o A E XENGINE12% S%v12%extran2.rpt %v12%
i e [T HENGINE12% ct <tran3.rpt %vl2%extran3.out
’ HENGINE12% trand.inp %vl12%extrand.rpt %v123
W CINEE %ENGINE12%  extran5.inp %vl2¥%extranS.rpt %v12%
/4 enums (2).h %ENGINE12%  extran6.inp %wvl2¥extran6.rpt %v12¥extrané.out
/% enums (3).h SENGINE12% ¥ i Sov12% tr pt %v12%
/% enums M3008.c XENGINE12% ¢ %v12¥%extran9.rpt H%v12%
e HENGINE12% tran8b.inp %v ex Fv12
4 ermor (2)c HENGINE12% tranSb.%np Hv12% b.rpt Hv12%
P WENGINE12%  extranl@.inp %v12%ex 5 fv12%extranld.out

SENGINE12% am808a.inp %v12%exam8Ba.rpt Hv12¥examB8Ba.out
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Summary of Each Network in a Log File

Version
MapgicNumber
Flow uni
Report Step
Nperiods
Starting file position of ID names
Starting f position of input data
Starting file position of output data
number of bytes per time peri
- Number subcatchment output
Number node ouwtput variables
Mumber link owtput variables
Number subcatchments reported on
Number nodes reported on
Mumber links reported on
pollutants reported on

Version
MagicNumber

position of ID names
e position of input data
Starting file position of output data

number of by per time period

Number of subcatchment output variables
Number of node output variables

Mumber of riable

Number of subcatc reported on
Number of .

Number of

Number of

==
[ R T -

[T =]

[rs}

= A R R R
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Summary of 1000+ Models in a Log File

= LS AN 1 13
Mean ME Mean 5im, Mean Obs, RMSE, MAE, M5 Jub tLhman Runu+f
Mean M: Mean Sim, Mean Obs, RMSE, MAE, Node Depth
Mean ME Mean 5im, Mean Obs, RMSE, MAE, Lateral Flow
Mean MES Mean 5im, Mean Obs, RMSE, MAE, Total Inflow
Mean M: Sim, Mean Obs, RMSE, MAE, Link Flow
Mean M& Sim, Mean Obs, RMSE, MAE, Link Depth
Opening D:‘\SWMMandSoftware\SWHMMS.813 1unn W EPASIWMME . 1. 813 Swmm5S . 1. 313Upd
Mean MSE, Mean Sim, Mean Obs, RMSE, MAE, Subcatchment Runoff
Mean MSE, Mean Sim, Mean Obs, RMSE, Node Depth
Mean MSE, Mean Sim, Mean Obs, RMSE, Lateral Flow
Mean MSE, Mean Sim, Mean Obs, RMSE, Total Inflow
Mean MSE, Mean Sim, Mean Obs, RMSE, Link Flow
Mean MSE, Mean Sim, Mean Obs, RMSE, Link Depth
Opening D:\SkMMandSoftware’,SWMMS . Hl- 1unP;L MEPASWMMS . 1.813\ Swmm5 . ] 313Upd
Mean MSE, Mean Sim, Mean Obs, RMSE, MAE, Subcatchment Runoff
Mean MSE, Mean Sim, Mean Obs, RMSE, MAE, Node Depth
Mean MSE, Mean Sim, Mean Obs, RMSE, MAE, Lateral Flow
Mean MSE, Mean Sim, Mean Obs, RMSE, MAE, Total Inflow
Mean MSE, Mean Sim, Mean Obs, RMSE, MAE, Link Flow
Mean M5E, Mean Sim, Mean Obs, RMSE, MAE, Link Depth
Opening D:‘\SkWMMandSoftware\SWMMS.613_ June2818\EPASWMMS . 1.813%Swmms.1.813Upd
Mean MSE, an Sim, Mean Obs, RMSE, MAE, M Subcatchment Runoff
Mean MSE, Mean Sim, Mean Obs, RMSE, MAE, M Node Depth
Mean MSE, Mean Sim, Mean Obs, RMSE, MAE, M Lateral Flow
Mean MSE, Mean Sim, Mean Obs, RMSE, MAE, M Total Inflow
Mean MSE, Mean Sim, Mean Obs, RMSE, MAE, M Link Flow
Mean MSE, Mean Sim, Mean Obs, RMSE, MAE, M E Link Depth
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Graphical Comparison of SWMMS5 Text Files

° test3.rpt - Text Compare - Beyond Compare —
Session File Edit Search View Tools Help
(G712 <> viza x [@ testSupt x}
82| 5 [ B & B & b b, 2
Home Sessions .AII Same | Context Rules Format Copy Edll Mext Section Prev Section | Swap Reload
W |D:\M1esb’\NC\MM\v12\t=.15.rp1 v B ) [DAMTestsNCIMMInT 3atest5. pt
2/14/2018 10:10:58 PM 10,074 bytes  EverythingElse ~ ANSI + PC 2/14/2018 8:12:43PM 11,347 bytes  Everything Else v ANS| ~ PC
= TFITERED LIHES. — TFILTERED LTES
C» i EPA STORM WATER MANAGEMENT MODEL - VERSION 5.1 (Build 5.1.812) & EPA STORM WATER MANAGEMENT MODEL - VERSION 5.1 (Build 5.1.813)
A FLTERELTIHES 44 FILTERED LINES
= External Outflow ......... 19.511 6.358 <« External Outflow ......... 19.519 6.361
4 FILTERED LINES 4 FILTERED LIKES
o Final Stored Volume ...... 8.120 8.839 =] Final Stored Volume ...... 8.111 8.836
§ Continuity Error (¥) ..... -8.919 L Continuity Error (%) ..... -9.014
52FILTERED LINES 52 FILTERED LINES
=4 1 JUNCTION a.es 48.84 @ 83:88 L] 6.4 8.863 «@ 1 JUNCTION a.88 48.84 @ 83:88 -] 6.4 8.859
2 JUNCTION a.ee 48.87 @ B85:e0 1] 6.39 B.864 2 JUNCTION a.ee 48.87 @ 85:ee -] 6.39 8.860
3 JUNCTION a.es 48.89 @ ©8:08 8 6.39 B.865 3 JUNCTION a.e8 48.18 @ ©8:e8 -] 6.39 8.860
4 JUNCTION a.es 48.12 @ 83:e8 L] 6.38 8.865 4 JUNCTION a.e8 48.12 @ 83:88 -] 6.38 8.861
5 JUNCTION e.e8 48.14 @ es:e0 e 6.38 8.866 5 JUNCTION @.ee 48.15 @ e5:e0 -] 6.38 8.861
1) JUNCTION a.es 48.16 @ ©8:08 8 6.37 B.8606 ) JUNCTION a.e8 48.17 @ ©8:e8 -] 6.38 8.861
7 JUNCTION a.es 48.18 @ 83:e8 L] 6.37 8.866 7 JUNCTION a.e8 48.19 @ 83:88 -] 6.37 8.862
8 JUNCTION a.88 48.20 @ 83:88 ] 6.37 8.866 8 JUNCTION @.88 48.21 @ 83:88 -] 6.37 8.862
E JUNCTION a.es 48.22 @ es:ee e 6.36 9.869 9 JUNCTION a.ee 48.22 @ e8:ee e 6.36 8.864
OUTFALL a.e9 49.13 @ ©8:00 o 6.36 9.800 10 OUTFALL @.e0 40.16 @ ©5:00 @ 6.36 8.000
& FILTERED LINES & FILTERED LIES
-3 =] Surcharging occurs when water rises above the crown of the highest flowing conduit.
Max. Height Min. Depth
% Hours Above Crown Below Rim
rchargs Node Type Surcharged Feet Feet
(] JUNCTION a.82 0.000 6.803
1 JUNCTION @.02 0.000 6.003
2 JUNCTION @.e9 9.000 6.803
3 JUNCTION @.13 0.000 6.002
4 JUNCTION a.16 a.000 6.802
5 JUNCTION @.18 9.000 6.002
6 JUNCTION @.21 9.000 6.801
7 JUNCTION a.23 0.000 6.801
B JUNCTION 9.25 0.000 6.001
% 9 JUNCTION a.27 9.000 5.891
& FILTERED LINES 4 FLTERED LINES
o 97.55 28.17 4a.13 6.358 @ 1@ 97.64 28.16 48.16 6.360
1FILTERED LINES 1FILTERED LINES
[=3 System 97.55 2e.17 48.13 6.358 <« System 97.64 28.16 48.16 6.360
& FILTERED LINES & FILTERED LINES
L e B
Maximum Time of Max  Maximum Masx/ Max/ Maximum Time of Max  Maximum Max/ Max/ Max/
|Flow| Occurrence |veloc| Full Full |Flow| Occurrence |veloc| Full Full Full
Lil Type CF5 days hrimin ft/sec Flow Depth Link Type CF5 days hr:min ft/sec Flow Depth Volume
1 CONDUIT 48.84 e 7.99 9.14 @.62 1 CONDUIT 48.84 @ B.02 @.14 @.62 @.66
2 CONDUIT 48.87 -] 7.06 e.14 @.e2 2z CONDUIT 48.87 -] 6.56 e.14 @.82 @.66
3 CONDUIT 48.89 @ 8.99 @a.14 @a.62 3 CONDUTT 48.1@ a 8.80 @a.14 @.62 @.66
4 CONDUIT 48.12 e 10.17 9.14 @.62 4 CONDUIT 48.12 @ 9.33 @.14 @.62 @.66 ©
5 CONDUIT 48.14 -] 18.37 e.14 @.e2 5 CONDUIT 48.15 -] 18.30 e.14 @.82 @.66
) CONDUIT 48.16 @ B3:08 10.38 @.14 @.62 6 CONDUIT 40.17 -] 10.34 @.14 @.62 @.66
7 CONDUIT 48.18 @ 83:88 11.85 @a.14 @.62 7 CONDUTT 48.19 a 11.a7 @a.14 @.62 @.66
B8 CONDUIT 48.20 @ B5:ee 11.46 a.14 @.82 w 8 CONDUIT 48.21 e 11.10 a.14 @.62 @.66 o
21 Default text 21 Default text
= - EPA- STORM- WATER - MANAGEMENT - MODEL - -- VERSTION-5.1- (Build-5.1.@12)4
P - EPA- STORM- WATER - MANAGEMENT - MODEL - -- VERSION-5.1- (Build-5.1.@13)~
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Now there is too Much Output

20+ Metrics

\ Subcatchment

Whatever universe a professor believes in must at any rate
be a universe that lends itself to lengthy discourse. A
universe definable in two sentences is something for which
the professorial intellect has no use. No faith in anything of
that cheap kind!

William James

DANGER
CHERRY-
PICKING DATA
AHEAD
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Bill James Model Similarity Score based on System Variables

Rules for
Responsible
Modeling

25. Baffaut (1988) sequentially ranked the objectives of her modeling effort,
considering that: firstly, the runoff volumes should be correct, on the average;
secondly, the peak discharges should match, on the average; thirdly, the times-
to-peak should be correct on the average; and lastly, the root mean square of the
hydrograph shape should match on the average. To avoid the problem of an
evidently poor evaluation being computed for a relatively small error in timing,
but for an otherwise good fit, the standard square error of the shape was
weighted 0.7, and the volume 0.3.

The equations used are:

1 V. -V
volume difference = — m_ P
e N Z V.,
1 P —-P
eak difference = — m T p
p iffe v > 5

m

Performance Evaluation Functions 201

m P

time difference = %Z(T -T )
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Thank You, CHI and Bill James!
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