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1. Development and Evolution of RSM

Traditional RSM
Extended Multi-Region RSM (E-RSM)
Polynomial Function RSM (pf-RSM)

YV V V VY

“Deep Machine Learning” “Indicator-based” pf-RSM
(DeepRSM) (under development)

2. RSM-VAT Tutorial/Demo & QA

> CMAQ “Eastern US” 12-km pilot case based on pf-RSM

» QA results: “Out-of-Sample” validation

The “RSM-VAT 2.4” package (‘RSM-VAT 2.4 Setup.exe” & “Data.exe”: run both to

install) is available at the Google Drive (or EPA’s “ScienceFTP2” site upon request):

https://drive.google.com/open?id=1XI3VqtIRXeBt FrfHpuCZYumxjgMR9hL

)



Reduced Form Modeling Techniques:

Source Contribution & Control/Response Modeling

“Source Contribution” Assessment

o Source Apportionment Modeling (Chem. approximation)
CAMx’s OSAT/PSAT/APCA, CMAQ’s ISAM &TSSA, etc.

o Source/Receptor Sensitivity Modeling (Math. approximation)
Decoupled Direct Method (DDM/HDDM), Adjoint, etc.

“Control Response” Assessment of emissions reduction
(Control efficacy)

o Zero-Out (Brute Force) Modeling

o Response Surface Modeling (RSM): Provide “real-time” AQ
response of emissions control
Previous USA applications: REMSAD (PM2.5):2008, CAMx (03):2009,
CMAQ (EGU RSM): 2011 (Math./Stat. approximation)

Evolving into Extended RSM (ERSM):2015, Polynomial Functions
RSM (pf-RSM):2018, Deep Machine Learning/Indicator RSM
(DeepRSM):2020 (Math. & Chem. approximation)



Source Contribution Analysis for Policy Assessment

I 20 192
e Transport rules or Transport SIPS: N
» Assess “significant contribution” of sources
in upwind states to downwind states I 2
 NAAQS Area designations: 2
» Provide analysis for States to assess impacts !

from boundaries 1
U.S. EPA Source apportionment

modeling for assessing source
» Assess impacts of special events such as fire contributions to PM2.5 & O3 from

Exceptional events demonstrations:

L3 L3
FaVa aTlddVaVaTd
ITITJIJIIIT D

Inform control strategy development:

» 03, PM2.5, Reg haze SIPs & RIAs
I:l" Local Contribution

Single source Impact assessments:

=
Q.
» PSD/NSR permitting = Upwind States
[
e Sector impact assessments: 8 } International
» EGU, Transportation, Industrial Boiler, etc. } Natural

Characterizing international contribution:

» 179b demonstrations . Ozone Source Contribu’gion
(Courtesy of Dr. Kirk Baker)  (example, not to scale)




RSM: Real-time estimate of air quality responses

Response Surface Model (RSM):

-- A reduced form meta-model built upon multiple “brute force” AQ model
simulations to explore “real-time” response relationship between emission
changes and AQ (O3 & PM2.5 species)

-- Major advantages: provide “real-time” & improved “non-linear” relationship
of emissions control and AQ response

A

Sensitivity (e.g., DDM, HDDM)

c
2
o
"qé; | “real atmosphere”
= ' RSM
o I
O I
I |
2 .
'g Source Appo'rtionment (e.g., OSAT/PSAT, ISAM)
< |
' >
0 1 Emission ratio

k
base 5



RSM example: “03” & “PM_SO04” non-linear chemistry
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Jan. O3 responses to NOx cut July O3 responses to NOx cut
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"4S"” Steps in RSM (Traditional RSM)

1.Selection

“‘Region/Pollutant sl
/Sector” Factors oo |

0%

Source A- Local NOx
* Source B- Regional VOC
e Source C- Area NOx

9 82Jn0S

2.Sampling

Control Matrix

* Latin Hypercube

Sample (LHS)
Hammersley quasi-

random Sequence

Experimental Design

wesource-intensive

4.Statisti

mpirical Best

Linear Unbiased
dictors

(EBL

3.Simulation

. Multi-case

CMAQ
simulations



Motivation for New RSM Development:

How to reduce # of model simulations

while maintaining RSM accuracy?




New RSM Development: “pf-RSM” & “DeepRSM”

Pollutant A (PM)
o
Pollutant B (O3)

0

Air
pollutant
I ] l l l * Chemistry TRSM w/
emporal
» Transport .
. Polynomial
* Indirect .
Functions

Real-time pollutant responses Multi-pollutant responses
to multi-region sources based on polynomial functions

Real-time pollutant responses
to emissions change

Single scenario

n
AConc = in “(Enox)® - (Eso2)P - (Enp3)® - (Eyocs)™ - (Epoa)®
=

Region A

Emissions

Region B |
Change

Region C

Air Quality Model Response Surface  Multi-Region RSM w/
(CMAQ, CAMYx, etc.) Model Extended RSM  Polynomial Functions

2009-2011 2015-2016 2018-2019



“pf-RSM” Methodology

Polynomial
Functions

Chemistry:
Degree of

Non-linearity

pf-RSM: AConc = ¥;—1 ;- (Enox) '+ (Eso2) '+ (Enuz) P+ (Evocs) P * (Epoa) !
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Term of :
Interactions |
.
< [ Number and distributions of Training Samples ] i
Model: ;

Only 3" step involved in training samples (i.e., model runs), and thus significantly reduces
# of model runs required for accuracy (20~30 runs per control region)

“pf-RSM" : Response Surface Model based on Polynomial Functions

(Temporal & multi-region RSM)
Xing et. al,, 2018, Atmos. Chem. & Phys.
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DeepRSM: Machine Learning w/ Indicator-RSM

{;Ij %

Pollutant A (PM)

. "t . How to further
ollutant B (03) reduce the
(]

number of case

- Chemistry RSM w/ model runs
Transport Temporal
. P Polynomial reqmred in
° (eI Functions
RSM?
. _ Real-time pollutant responses Real-tlm.e poI‘Iutant responses Multi-pollutant rc?sponses.
Single scenario to multi-region sources based on polynomial functions

to emissions change

Region A AConc = ixi - (Eno)® - (Eso2)? - (Exp)® - (Evocs)® - (Epoa)®
Emissions Region B @

Change
Region C @

D s SIEEHES, o rsw B ocep v

Zhao et al., GMD, 2015 Xing et al., ES&T, 2020
Zhao et al., ACP, 2017 Xing et al., ACP, 2015
Xing et al., ES&T, 2017

Xing et al., ACP, 2011
Wang et al., ES&T, 2011
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Machine Learning “DeepRSM”

DeepRSM: “Deep Learning” “Indicator-based” pf-RSM

Use 18
Species
indicators
and
deep learning
CNN
to predict
PM2.5 & O3
response to
emissions
control

Response function of PM, ; and O, = . b, . @
concentrations to precursor emission change: AConc = ZXI’: * (Enox)™ - (Es02)”" - (Enp3)€t - (Evocs)™
i=1 |}
1

i \ More efficient

pf-RSM: Fitted with >20 chemical transport
model simulations based on randomly
sampled emission control scenarios

DeepRSM: Predicted by indicators (i.e., a combination of
concentrations of species p) based on two chemical transport model
simulations (i.e., baseline and fully-controlled emission scenarios)

1.0

m = E .
= Xy = (Ap.l Y Cp)
% 081 x x® 3 >
=S I : (N0, 3 L Lxd
S o064 % x x
c " _A— @@@
Y % x
g 0.4
9 x ® ®
B 024 x x
e ® ® x
LIJ 0.0 T i i i e .o
0.0 0.2 0.4 0.6 08 1.0 L Deep Convolutional Neural Netvvork—/

Emission of Pollutant A Indicators Coefficients

with Residual Connection

# of model runs needed for maintaining RSM accuracy in predicting control

Traditional RSM
>100s

responses per selected control region

‘PF-RSM” “DeepRSM”
20~30 2

Xing et. al.,, ES&T, 2020 (Further details please see Appendix A) 13




2. RSM-VAT Tutorial & Demo

> CMAQ “EUS” 12-km pilot case based on pf-RSM

» QA results: “Out-of-Sample” validation

The “RSM-VAT 2.4” package (‘RSM-VAT 2.4 Setup.exe” & “Data.exe”: run both to
install) is available at the Google Drive (or EPA’s “ScienceFTP2” site upon request):
https://drive.google.com/open?id=1XI3VqtIRXeBt_FrfHpuCZYumxjgMR9hL 14




Workflow to Create RSM in “RSM-VAT”

. === Emission control matrix - :
ExPerlmental (Control Matrix module) :

Design === Region Control NetCDF file ..... :
(RSM-VAT) (CMAQ, Preparation module) : :

=== Emission control namelist flle
(CMAQ Preparation module)

Prepare CMAQ

CMAQ results Run CMAQ

Run RSM Project

(RSM-VAT)

RSM results

Visualization &

Analysis
(RSM-VAT)

Main Workflow for Running “RSM-VAT?



RSM-VAT:. Main Page & Key Modules
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Experimental Design: CMAQ EUS Case using “pf-RSM”

® 5 regions (CR: climate region)
A: Northeast (NE_CR); B: Southeast (SE_CR); C: Central
(CEN_CR); D: Upper Midwest (UPMW __CR); E: Other

® 5 Pollutants
* 4 non-linear pollutant (NOx, NH;, SO,, VOCs) factors +
1 Primary PM factor

® 1 Sector ol
e All manmade (All_MM)

® 26 factors =5 Pollutants * 5 regions *1 Sector + 1 BC
® 147 CMAQ simulation cases (12-km, January & July)

e 1 base case

e 120 cases for non-linear factors = 20 cases * (all region + 5 regions), created by
Hammersley quasi-random Sequence Sample (HSS) method (0 ~ 1.2)

e 10 cases for linear Primary PM factors = 5 regions * 2 (0 and 0.5)

* 1 Clean Boundary Conditions

e 15 cases for “out-of-sample” validation (QA for pf-RSM)
17



“Out-of-Sample” Validation: O; Conc. & Response

(July, O;-8hr avg.): Worst #1
O; Conc: RSM vs. CMAQ O; Response: RSM vs. CMAQ

RSM_ACONC.142_03 CMAQ_ACONC.142_03 RSM_ACONC.142_03 CMAQ_ACONC.142_03

Amblent Ambient ] 29 257 Reduction Inverse 237 Reduction Inverse

237 214
856 171
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415 -85
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268 -171
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Min =19.419 at (213,24), Max = 92,902 at {182,165) Min = 19.419 at {213,24), Max = 92 658 at (182,165) Wlin = -7 347 at (161,161}, Max = 26 692 at (144,104] Min = -7.102 at {181,161), Max = 27 475 at (144,104)
03; Normalized Mean Error; 2016/7/1 0:00:00 ACONC.142 ACONC.142
[—— Average |
030 . : . . i . “. T T T T .’,_ 8 T T T T T T T
s
_ / 3 1 ]
2 025 1 ] 701 d ] :
w t ] ,
g - ” s oI ]
T 020 + ] go L pd 118 i
i I ] :- 1
c = 59 + 1 o [
g o015 4 i = @
= . = 3 1
= 1 40 1 113
&8 010 + b =
= 30 1 ] 1
E [ ] ®
e 005 4+ Bl
z r b 20 1 E
0.00 I ! | | | | | ] 10 1
- T T T T T T - 1 I 1 i } i I i L L I 1 i 1
133 135 137 139 141 143 145 147 19 20 30 49 59 63 79 80 27 22 7 42 7 -2 3 B
Case number CMAQ CMAQ-CMAQ Base Case

All “Out-of-Sample” runs: Predicted O; Concentration Predicted O; Response
Normalized Mean Error (RSM vs. CMAQ) (RSMvs. CMAQ) 18




“Out-of-Sample” Validation: O; Conc. & Response

(July, O;-8hr avg. , US): Worst 4 cases

Predicted O; Conc.
(RSM vs. CMAQ)

Predicted O; Responses (O,)
(RSM-Base vs. CMAQ-Base)

ACONC.133 ACONC.142 ACONC.133 ACONC.142
6 . :
25 ]
63 3
75 ] T
3 & 5
8% 69 ] 8 4 ] 8
] 8 7
= 43 = 55 4 d g | o
] Ll o (=]
= e 49 ] ; E -12 4
a3 0 .14 ] o
2z ] = =7
o= =
23 25 | 18 4 22
13 ] . , 15 | . , , , . . -24 , , , . 27 . . .
19 29 39 43 59 69 19 29 39 43 59 63 79 89 23 -18 -13 K] 3 2 27 22 a7 a2 9 2 3 ]
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ACONC.144 ACONC.145 ACONC.144 ACONC.145

RSM

—E— r=0.5557337
T T T

18 23 39 43 53 a3
CMAG

RSM

—&— r=0 3557542
= T T

18 28 39 43 53 a8 T8
CMAQ

] .

RSM-CMAQ Base Case

—&— r=0. 9557823
IT T T

f t t t t t
-25 -20 -15 -10 -5 a
CMAGQ-CMAQ Base Case

t
L}

REM-CMAQ Base Case

T T

t t t t t
-22 -17 -12 -7 -2
CMAQ-CMAQ Base Case

Please see “Appendix B” for additior§7al ‘out-of-sample” validation slides
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“Out-of-Sample” Validation: PM, . Conc. & Response

(Jan., PM, . monthly avg.): Worst Case #1

PM,; Conc: RSM vs. CMAQ

RSM_ACONC.138_PM

Ambient
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PM, ; Response: RSM vs. CMAQ
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“Out-of-Sample” Validation: PM2.5 Conc. & Response

(Jan., PM, . monthly avg., US): Worst 4 cases

Predicted PM, ; Conc. Predicted PM, : Responses
(RSM vs. CMAQ) | (RSM-Base vs. CMAQ-Base)
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Please see “Appendix B” for additior§7al ‘out-of-sample” validation slides 1



“Out-of-Sample” Validation: PM_SO, Conc. & Responses

(Jan., PM_SO, monthly avg., US): Worst #1

PM,; Conc: RSM vs. CMAQ

RSM_ACONC.140_PM (Ambient)

1/1/2016 12:00:00 AM

CMAQ_ACONC.140_PM (Ambient)

PM, ; Response: RSM vs. CMAQ

RSM_ACONC.140 PM (Reduction Invers_-MAQ_ACONC.140 PM (Reduction Inverse)
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Min =0.287 ot (81,236), Max=1 930 at {136,176) Win = 0.267 at (81,2361, Max = 1.930 at (136,176) Min = -0.035 at (27,168), Max = 1908 at (116,102} Min = -4 D6E-3 at (45,194), Max=1919 ot (116,102)
PM; Normalized Mean Error; 1/1/2016 12:00:00 AM ACONC.140 ACONC.140
—&— r=0.9977639 —&— r=0.9920074
16 — . — — . r 28 1 ! P
1 e
g4t ] 23 -
W T 1 J
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£ 04
o T ]
z 02§ ]
00 I I } } } : } T B B i I S e L e e t t t
133 135 137 139 141 143 145 147 03 08 13 18 23 28 -2 -1 0

CMAQ-CMAQ Base Case

Predicted PM, : Concentration Predicted PM ; Response

(RSM vs. CMAQ)
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“Out-of-Sample” Validation: PM_SO, Concentration & Response

(Jan., PM_SO, monthly avg.): Worst 4 cases

Predicted PM, ; Conc. Predicted PM, : Responses
(RSM vs. CMAQ) | (RSM-Base vs. CMAQ-Base)

ACONC.133 ACONC.134 ACONC.133 ACONC.134

N
N
]
» !
N
o
(=]
%
o
~

o
o
8]

RSM
&
w

&
=

RSM
RSM-CMAQ Base Case
& &
©o =
RSM-CMAQ Base Case

. I 4 y 4 I L H L . . L L s y |

t t t } t } t t t H t t t t t t t t

0 1 2 03 08 13 18 23 28 . -0.9 -0.4 0.1 0.6 -0.9 -0.4 0.1 0.6
CMAQ CMAQ . CMAQ-CMAQ Base Case CMAQ-CMAQ Base Case

ACONC.140 ACONC.145 : ACONC.140 ACONC.145
:
. ; ey b I 1| ‘ : . p Wl 7

y
o 0T 4 1 03 L
w

02 4+

T 07 +

RSM
o o -
w £ w
1 t 1

a

RSM-CMAQ B C
i N
RSM-CMAQ Base Case

P

t t 1 ' : t ; 1 ; ' t : : ‘ . | t f : t
03 08 13 18 23 28 03 08 13 18 23 28 : -2 -1 0 08 03 02z 07
cmaQ cmMaQ : CMAQ-CMAQ Base Case CMAQ-CMAQ Base Case

Please see “Appendix B” for additior§7al ‘out-of-sample” validation slides 23



“Out-of-Sample Validation”: PM_NO,; Conc. & Responses

(Jan., PM_NO; monthly avg., US): Worst #1

PM,; Conc: RSM vs. CMAQ PM, - Response: RSM vs. CMAQ

RSM_ACONC.133_PM (Ambient) CMAQ_ACONC.133_PM (Ambient) RSM_ACONC.133_PM (Reduction Invers"MAQ_ACONC.133_PM (Reduction Inverse)
237 1/1/2016 12:00:00 &AM 237 17172016 12:00:00 &AM 30 237 1/1/2016 12:00:00 Ak 237 1/1/2016 12:00:00 AM 24
27 19
120 190 23 14
20 10
143 143 16 0.5
13 oo
95 95 09 05
06 10
48 18 02 14
-02 19
1 N 05 24
1 44 87 151 174 27 1 44 a7 151 174 217
Min = -0.536 at (165,105), Max = 2573 at (171,209) Min = 0.036 at (113,54), Max= 2973 at (171,209) Min = 5 40E-3 at (216,1), Max = 3,009 at (33,156) Min = 5 40E-3 at (216,1), Max = 2893 at (83,156)
PM; Normalized Mean Error; 1/1/2016 12:00:00 AM ACONC.133 ACONC.133
, Ee=mmar]
10 T T L T T L T T ! ! P
Q 3 ] A
@ ]
w 8 F E 0
= ] 2 @
74 . g
=] ]
I.I:.I 6 El ; § 14
3 2 m
c E
$0 ! € 3
- 4 B 0 ] 521
.ﬁ 3 3 E
E ] @
5 2 1 ] 3
4 1 E
0 : : : : | : ] ; : : :
133 135 137 139 141 143 145 147 0 1 2 3 -3 -2 -1 0
Case number CMAQ CMAQ-CMAQ Base Case

All “Out-of-Sample” runs: Predicted PM, : Concentration Predicted PM ; Response
Normalized Mean Error (RSM vs. CMAQ) (RSMvs. CMAQ) 24




“Out-of-Sample” Validation: PM_NO; Concentration & Response

(Jan., PM_NO; monthly avg.): Worst 4 cases

Predicted PM, ; Conc.
(RSM vs. CMAQ)

Predicted PM, : Responses
(RSM-Base vs. CMAQ-Base)

ACONC.133 ACONC.138 ACONC.133 ACONC.138
T T T T P T T p
# #
0 4 2
@ @
T T
o o
2 - g 1
g ol
= = o o
z 2 g g
= 2 5 |
Q Q
= =
7] 7]
-3 [
-3 4
0 1 2 3 0 1 2 3 3 2 1 0 -3 -2 -1 0
CMAQ CMAQ CMAQ-CMAQ Base Case CMAQ-CMAQ Base Case
ACONC.143 ACONC.146 ACONC.143 ACONC.146
Es T T % T -/ T T
o |
P
y # 04
o
Z P
@ @
H 1124
o o "'
@ @
@ @
g ol
= H @ g 21
£ g g g
= =
Q Q
= = -3+
7] 7]
-3 [
-4 4
0 1 2 3 4 0 1 2 3 -2 1 0 1 3 2 -1 0 1
CMAQ CMAQ CMAQ-CMAQ Base Case CMAQ-CMAQ Base Case

Please see “Appendix B” for additior§7al ‘out-of-sample” validation slides
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“RSM-VAT” Demo

Main GUI:

Launch/open PM2.5 Jan. project

Main GUI -> File/Analysis/View

Menu: VA/QA/Log&Msg

Traffic Light: Each module & input files

A S

Help: Online User’s Manual

Module -> Experimental Design module

1. “Control Matrix” creation

2. “CMAQ Preparation”
- Create Region (default CR, State & CBSA)
— Merge/Substract

- Export Control Namelist File

V/A module:

MAP -> 2D/3D/Contour

Conc./Response toggle

Radio button: Control %: Set & Reset
NOx/SO2/NH3 & Primary PM

Output to SMAT/BenMAP/CSV & color legend
Chart: EC 1 &2: NOx: 25/50/75/100%

AN A T o

7.

8.
9.

Region/Pollutant/Sector checked
Chart: SC 1: NOx, 20%/40%/60%/80%/100%
SC2: NOx & Primary PM

QA/Validation module:

1.

3.

OOSV: RSM vs. CMAQ

“Conc.” toggle “to Response”
OOSV: Comparison Plot
— “Ambient” to “Reduction”
— Show Difference Plot
— Adjust legend/scale
“CMAQ Viewer”: O3 & PM2.5 species

03 July case:

1.

2
3.
4

Launch/open 03 July project
V/A->MAP: Concs & Response toggle
V/A-> Chart: NOx: 25/50/75/100%
QA/Validation:

—  OOSA: RSM vs. CMAQ
— OOSA: Comparison Plot

26




Discussion & Next Steps

Next Steps:
* Implement “DeepRSM” under RSM-VAT

« Conduct DeepRSM”U.S. pilot case studies under 2016 or
2017 modeling platform (CMAQ & CAMX?)

Potential Applications & Projects
 Hemispheric CMAQ applications
 Inter-comparisons with APCA (O3/PM) & DDM/HDDM (0O3)

Potential Issue:

* No current year funding for RSM development; Need new
funding to support “DeepRSM” pilot project under new GSA

contract starting Oct. 1st, 2020 o



Appendix A:
"DeepRSM” Supplemental information

Appendix B:

RSM CMAQ EUS Case "QA”:
pr-RSM "Out-of-Sample” Validation

Appendix C:

RSM-VAT Demo & Tutorial:
EUS 12-km Case using "pf-RSM”

Carey Jang, U.S. EPA, Jang.carey@epa.gov 28



DeepRSM Publication (2020)
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RSM with polynomial functions: pf~-RSM

AConc = ZXi (Eno)® - (Ese2)Pt - (Eyys)©t - (Eyocs)® - (Eppa)®
i-1

g & ¢ ¢ ¢ S .8
LL/ 44/ 44, LL, W Y 44;
g S g
e «F & F & FF

ooooooo
& &
uﬁoqﬁoqﬁoqﬁo‘f T SRS q,«,qﬁ“’ ‘“"’waé“/e%;otf“/q

14 coefficients of
polynomial terms —

can be derived — /T T= @\
from 20~30 @@@ \@ @\@ o
samples (per Q @ /

control region)

High order for NOx and VOC Linear behavior for SO, and POA

Xing et al., ACP, 2018 20



Machine Learning with Indicator-RSM

ScenarioN

ﬁ = The CNN architecture of the

ol | DeepRSM with optimized
Concatenate| polynomial structure for

Coefficient

o0 e %:505 predicting the alr_quallty
= . - ; response functions.
® ‘ 1 (19 29
—— cur =15 @ o : (“Conv3x3BN”: 3x3
‘ onvzxaBN‘ ( Q FC ﬂn -
— e - - 3 convolgtlop fol!f)wed by batc,:’h
o< Convexaan < Fo : normalization; “LeakyRelLU”:
[

8% | LeakyReLU 5 ' - e e .- - .
_)[% Response; Function Terms L ' cOmpens?ée:Tl;:nlgzzlmial Term I eaky reCtIfI ed I I near u n It
activation function; “FC:

e ,
@ [1]2] - [w]

( e ‘ Emission Control Scenarios fu I Iy CO n neCted I aye r)

Indicators
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“Indicator-based” DeepRSM

nitrogen species oxidants VOC-related |other gases particles

NOx
NO.2 I 0.60
. NOS3 0.30
g NO I . 0.00
£ NOe -0.30
o
S voc -0.60
% voc? ] 090
3 VOC3 ..
= NO.wOC 14 coefficients of
§ NowocC? ..
2 vorvoc I . O terms in in
o .
NO:£VOC = 3 responding to
SOz .
NH3 18 chemical
nitrogen species oxidants VOC-related |other gases particles |nd|C ators for 03
NOy2 0.60 and F’I\/l2 5
- NO\3 0.30 )
T .. o (€xample)
% NH3 -0.30
8w . .
-% NH33
5 SO2
LL
= VOC
| 5 - = |- —
€ Novoc PM2.5
NOXx*VOC
NOXNH3

HNO;3; N,Os NO, HONO NO H,0, O; OH HCHO ISOP TERP SO, NH; SO, NO; NH, SOC PMys
Chemical indicator 32



Appendix B:
QA for RSM CMAQ EUS Case:

pr-RSM "Out-of-Sample” Validation

O3 July 8-hr avg.

PM2.5 July monthly avg.
PM2.5 Jan. monthly avg.
PM_SO4 Jan. monthly avg.
PM_NO23 Jan. monthly avg. o

C
< :
] |
9 .‘

2 3
AL prOTE

RN W NN



July, O;-8hr avg. , US

34



Out-of-Sample Validation: Predicted O; Concentrations & Responses

(July, O;-8hr avg. , US) Worst 1

O; Conc: RSM vs. CMAQ O; Response: RSM vs. CMAQ

RSM_ACONC.142_03 CMAQ_ACONC.142_03 RSM_ACONC.142_03 CMAQ_ACONC.142_03

257 Amblent Ambient ] 29 257 Reduction Inverse 237 Reduction Inverse 74
856 171
190 782 128
I 708 85
143 h 635 a5
56.2 0o
ag 468 43
415 -85
48 41 126
268 -171
1 19.4 214
1 44 87 131 174 217 1 44 87 131 174 217
Min =19.419 at (213,24), Max = 92,902 at {182,165) Min = 19.419 at {213,24), Max = 92 658 at (182,165) Min =-7.347 at (181,161), Max = 26 692 at (144,104) Min = -7.102 at {181,161), Max = 27 475 at (144,104)
03; Normalized Mean Error; 2016/7/1 0:00:00 ACONC.142 ACONC.142
—5— =0.499711 J =N AL
030 : . ; ; ‘ ‘ ' ' ' ' ‘ : ‘ g ‘ : ‘
[ 89 1 s
—_ d 3
F 025 - . 79 1 d
w t ] ,
: ] g g
§ 02 \ /\ 7 N : :
- @
= 1 B @ 7
10 L = 501 o
g o015 b = a
2 . g 2
- ] 9 Q
& 010 L ] 2
s 39 1 g 17T
E [ ]
6 005 1 Bl
= . ] 201 ] 22 1
000 F 1 } } } 1 : 19 . ‘ , 27 14 . ‘ , , . ,
133 135 137 139 141 143 145 147 19 20 30 49 59 63 79 80 27 22 7 42 7 -2 3 B
Case number cmaQ CMAQ-CMAQ Base Case

All “Out-of-Sample” runs: Predicted O; Concentration Predicted O; Response
Normalized Mean Error (RSM vs. CMAQ) (RSMvs. CMAQ) 35




Out-of-Sample Validation: Predicted O; Concentrations & Responses

(July, O;-8hr avg. , US) Typical 1

O; Conc: RSM vs. CMAQ

RSM_ACONC.140_03

Arnbient

Min =19.413 at (213,24), Max = 95976 at (162,165)

CMAQ_ACONC.140_03

Ambient

174
Min =19.419 at (213,24), Max = 95 547 at (162,165)

217

O; Response: RSM vs. CMAQ

RSM_ACONC.140_03

237 Reduction Inverse

CMAQ_ACONC.140_03

Reduction Inverse

237 110

88

66

44

22

oo

-22

44

66

-88

-110

Min = -1.668 at (77,45), Max= 13.799 at {120,106)

Min =-1548 at (77,45), Max = 14188 3t (120,106)

Normalized Mean Error(NME %)

03; Normalized Mean Error; 2016/7/1 0:00:00

030 T : . . ; :
025 1 ]
L o
015 § ]
0.10 ,, ]
0.05 —~ ]
0.00 i } } } } f f

133 135 137 139 141 143 145

Case number

147

All “Out-of-Sample” runs:

Normalized Mean Error

ACONC.140

8o 1 s
701
69 1

59 +

RSM

40

39 +

29 1+

t t + t
59 69 79 89

CMAQ

j t t +
19 29 39 49

RSM-CMAQ Base Case

ACONC.140

t t t t
-14 -9 -4 1
CMAQ-CMAQ Base Case

Predicted O; Concentration
(RSM vs. CMAQ)

Predicted O; Response
(RSMvs. CMAQ) 36




Out-of-Sample Validation: Concentration Comparison

(July, O;-8hr avg. , US) Best 4

Predicted O; Conc.
CMAQ)

(RSM vs.

Predicted O; Responses (O,)
(RSM-Base vs. CMAQ-Base)

ACONC.136
[-E—_r=0.5853E65 |

ACONC.137

ACONC.136

[-5— =0 5556277 |

ACONC.137

—E— r=0 3555628

3 I
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= =
9 2
= 7 =
« w5
o ]
-8
-7
-11
t t t t t t t t t t t + t t t t t t t t t t t t t t t t
19 29 28 49 58 a9 -] ] 18 29 39 49 59 69 T8 E] =11 -8 -T -5 -3 -1 1 3 -T -5 -3 -1 1 2
CMAGQ CMAQ CMAGQ-CMAQ Base Case CMAGQ-CMAQ Base Case
ACONC.139 ACONC.AM ACONC.139 ACONC.141
—E— r=0.5555405 —B— =0.5557338 —E— r=0.5555088
89 25 ] T T T T T T T T T T T T T T -I./
78 § 0 /—
o o
ss 4 i o
o [+
i s g
58 1 =
= = @ ]
n o o o
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43 < <
= =
et 2
28 = -10 4 z
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o= [~
25
-15 4
13 J

39 43 52 L) e g2
CMAQ

t t t
-10 -5 0
CMAGQ-CMAQ Base Case

t t t t t t
-25 -20 -15 -10 -5 0
CMAQ-CMAQ Base Case
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Out-of-Sample Validation: Concentration Comparison

(July, O;-8hr avg. , US) Worst 4

Predicted O; Conc. Predicted O; Responses (O,)
(RSM vs. CMAQ) | (RSM-Base vs. CMAQ-Base)

ACONC.133 ACONC.142 ACONC.133 ACONC.142
: —B— =0 55584 2
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138 29 38 48 55 (-] 18 29 38 48 58 69 -] 28 . -23 -18 -13 -8 -3 2 27 22 -17 -12 -7 -2 2 g
CMAQ ChMAQ CMAQ-CMAQ Base Case CMAQ-CMAQ Base Case
ACONC.144 ACONC.145 ACONC.144 ACONC.145
—E— r=0.5557337 —— r=0.5557847 E —B— =0.5557833
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Out-of-Sample Validation: Predicted Concentrations

(July, O;-8hr avg. , US) Best 1

RSM CMAQ Delta

RSM_ACONC.137_03 (MAQ_ACONC.137_03 Delta_ACONC.137_03 03
Arnbignt ?5 ? 9 :
0z
701 - Y
7 Y
2, g 02
£4.4 5 W E /
#( ¢ A\ ¥ 01
588 )Y e o
3 o1
53.2 .
oo
475
a1
419 s {
X S
& a1
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Y 02
S, 3
307 s - N
S MY
3 % 02
250 4 %
{ o
) 3 ; et I _Da
e 130 m 19.4 1 w & 131 m a7
Min = 19,419 at (213,24), Max = 34.044 at (182,165) ! - ( 2 165 Min =-1.172 at (181,161), Max = 0.224 at (34,120)
‘
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- s - ot > > 48
dls Ly A 1 .4 > 1 .
190 R o \ Y 190 ot v 34
. i p) : 1 % o !
== | Y |
E s . ; o 23
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o 3
= > ¢ - 0.0
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7 % 4 4.5
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« o 131 m 7 1 « o 131 m w 57
Min=.2.274 at (122,106), Max = 7,129 at (44,193) Min = -2,249 at (121,106), Max = 7,078 at (44,193)
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Out-of-Sample Validation: Predicted Concentrations

RSM

RSM_ACONC.142_03

Ambient

131

Min= 19.419 at (213,24), Max = 92,902 at (182,165)

(July, O;-8hr avg. , US) Worst 1

“

Base - RSM

RSM_ACONC.142_03

Reduction Inverse

“ o 13 m
Min = -7.347 at (181,161), Max = 26.692 at (144,104)

Min = 19.419 at (213,24), Max = 92.858 at (182,165)
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b 928 »
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341 * o
265 ' i
o E 184 D
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July, PM, . monthly avg., US
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Out-of-Sample Validation: Predicted PM, . Concentrations & Responses

(July, PM, . monthly avg., US) Worst 1

PM,; Conc: RSM vs. CMAQ PM, - Response: RSM vs. CMAQ

RSM_ACONC.138 _PM CMAQ_ACONC.138_PM RSM_ACONC.138_PM CMAQ_ACONC.138_PM
257 Ambient 257 Ambient _ 12 257 Reduction Inverse 237 Reduction Inverse _ 192
193 154
174 115
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135 38
16 00
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58 ; 1 B 11s
. ; Y g, / li \
39 (A"’ 7‘\ \ g ‘\J 154
20 QI > 1 i o , Bos2
1 44 87 131 174 217 1 44 &7 131 174 217 1 44 &7 131 174 217 1 44 a7 131 174 217
Win = 1.962 at (83,29), Max = 21 222 at {138,180] Min = 1.962 at (83,29), Max = 21 222 at {138,180] Min = -6 10E-4 at 11,3), Max = 24.035 at (116,102) Min = -6 10E-4 at (11,3), Max = 23.670 at {116,102)
PM; Normalized Mean Error; 2016/7/1 0:00:00 ACONC.138 ACONC.138
—5— r=0.9973408 —5— r=0.9985524
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Case number CMAQ CMAQ-CMAQ Base Case

All “Out-of-Sample” runs: Predicted PM, : Concentration Predicted PM ; Response
Normalized Mean Error (RSM vs. CMAQ) (RSMvs. CMAQ) 42



Out-of-Sample Validation: Predicted PM, . Concentrations & Responses

(July, PM, . monthly avg., US) Typical 1

PM,; Conc: RSM vs. CMAQ PM, - Response: RSM vs. CMAQ

RSM_ACONC.134_PM CMAQ_ACONC.134_PM RSM_ACONC.134_PM CMAQ_ACONC.134_PM
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Out-of-Sample Validation: Concentration Comparison

(July, PM, . monthly avg., US) Best 4

Predicted PM, ; Conc.
(RSM vs. CMAQ)
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(RSM-Base vs. CMAQ-Base)
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Out-of-Sample Validation: Concentration Comparison

(July, PM, . monthly avg., US) Worst 4

Predicted PM, ; Conc. Predicted PM, : Responses
(RSM vs. CMAQ) | (RSM-Base vs. CMAQ-Base)
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Out-of-Sample Validation: Predicted Concentrations

(July, PM, . monthly avg., US) Best 1

RSM CMAQ Delta
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Out-of-Sample Validation: Predicted Concentrations

RSM
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Jan., PM, . monthly avg., US
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Out-of-Sample Validation: Predicted PM, . Concentrations & Responses

(Jan., PM, . monthly avg., US) Worst 1

PM, ; Response: RSM vs. CMAQ

PM,; Conc: RSM vs. CMAQ
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All “Out-of-Sample” runs:
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Predicted PM, : Concentration Predicted PM ; Response
(RSM vs. CMAQ) (RSM vs. CMAQ) 49




Out-of-Sample Validation: Predicted PM, . Concentrations & Responses

(Jan., PM, . monthly avg., US) Typical 1

PM,; Conc: RSM vs. CMAQ
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Out-of-Sample Validation: Concentration Comparison

(Jan., PM, . monthly avg., US) Best 4

Predicted PM, ; Conc. Predicted PM, : Responses
(RSM vs. CMAQ) | (RSM-Base vs. CMAQ-Base)
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Out-of-Sample Validation: Concentration Comparison

(Jan., PM, . monthly avg., US) Worst 4

Predicted PM, ; Conc.
(RSM vs. CMAQ)

Predicted PM, : Responses
(RSM-Base vs. CMAQ-Base)
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Out-of-Sample Validation: Predicted Concentrations

(Jan., PM, . monthly avg., US) Best 1

RSM CMAQ Delta
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Out-of-Sample Validation: Predicted Concentrations

(Jan., PM, . monthly avg., US) Worst 1

RSM CMAQ Delta
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Jan., PM_SO, monthly avg., US
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Out-of-Sample Validation: PM_SO, Conc. & Responses

(Jan., PM_SO, monthly avg., US) Worst 1

PM,; Conc: RSM vs. CMAQ

RSM_ACONC.140_PM (Ambient)
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Out-of-Sample Validation: PM_SO, Conc. & Responses

(Jan., PM_SO, monthly avg., US) Typical 1

PM,; Conc: RSM vs. CMAQ PM, - Response: RSM vs. CMAQ
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Out-of-Sample Validation: Concentration Comparison

(Jan., PM_SO, monthly avg., US) Best 4

Predicted PM, ; Conc.
(RSM vs. CMAQ)

Predicted PM, : Responses
(RSM-Base vs. CMAQ-Base)
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Out-of-Sample Validation: Concentration Comparison

(Jan., PM_SO, monthly avg., US) Worst 4

Predicted PM, ; Conc.
(RSM vs. CMAQ)

Predicted PM, : Responses
(RSM-Base vs. CMAQ-Base)
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Out-of-Sample Validation: Predicted Concentrations

RSM

RSM_ACONC.136_PM (Ambient)

1/1/2016 12:00.00 AM

a a7 131
Min=0.280 at (81,236), Max = 2.049 at (116,102)

27

(Jan., PM_SO, monthly avg., US) Best 1

CMAQ

CMAQ_ACONC.136_PM (Ambient)

1/1/2016 12.00:00 40

1 u“ & 131
Min = 0.280 at (81,236), Max = 2.045 at (116,102)

Base - RSM

RSM_ACONC.136_PM (Reduction Inverse)

1/1/2016 120000401

27 -
y T
. 150
h .
\ s
£
3 ¥
by i
~ N P
y R
N
% \,
- I
1
.~ L '
& 131 m 7 1

Min = -1.55E-4 at (3,233), Max = 0.769 at (181,163)

|

22 =r

20

18 = ) \
16 ]

14 s _

12 ‘

10 =

09

07 » Y
0s

03 L

1 217

Base - CMAO

CMAQ_ACONC.136_PM (Reduction Inverse)

1/1/2016 120000401

4
A

w“ & 131 7
Min = -1.55E-4 at (3,233), Max = 0.751 at (181,163)

Delta

Delta_ACONC.136_PM (Reduction Inverse)

1/1/2016 120000401

o 13
Min =-0.053 at (68,43), Max = 0.054 at (100,91)

06

0s

04

0z

01

a7

1.0e-1
8.0E-2
§.0E-2

4.0E-2

0.0E+0
-2.0E-2
~1.0E-2
-5.0E-2
-8.0E-2

-1.0E-1

60



Out-of-Sample Validation: Predicted Concentrations

(Jan., PM_SO, monthly avg., US) Worst 1

RSM CMAQ Delta
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sy 1/1/2016 1200.00 M 1/1/2016 120000 811 . 1/1/2016 12:00.00 811
22 - 1.06-1
20 8.0E-2
18 = 8.0E-2
16 4.0E-2
14 e 2082
1z 0.0E+0
10 * 2.082
09 ~1.06-2
07 *® -5.08-2
05 -8.0€-2
a7 131 & 131 21 03 ‘_ : & &7 13 = 174 a7 -Loel
Min= 0,287 at (81,236), Max = 1.930 at (136,176) Min = 0.287 at (81,236), Max = 1.930 at (136,176) Min =-0.124 at (85,157), Max = 0.120 at [34,171)
Base - RSM Base - CMAO
RSM_ACONC.140_PM (Reduction Inverse) CMAQ_ACONC.140_PM (Reduction Inverse)

— 1/1/2016 12.00.00 AM _— 1/1/2016 12.00.00 AM 06

0s

190 04

0z

s 01

oo

s 01

-0.2

@ 04

v / -05

{ {
1 > = 3 1 > = . -0.6
1 “ o e m w 1 “ o e m w
Min = -0.035 at (27,188), Max = 1.906 at (116,102) Min = -4.06E-3 at (45,198), Max = 1.919 at (116,102)
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Jan., PM_NO; monthly avg., US
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Out-of-Sample Validation: PM_NO, Conc. & Responses

(Jan., PM_NO; monthly avg., US) Worst 1

PM,; Conc: RSM vs. CMAQ PM, - Response: RSM vs. CMAQ

RSM_ACONC.133_PM (Ambient) CMAQ_ACONC.133_PM (Ambient) RSM_ACONC.133_PM (Reduction Invers"MAQ_ACONC.133_PM (Reduction Inverse)
237 1/1/2016 12:00:00 &AM 237 17172016 12:00:00 &AM 30 237 1/1/2016 12:00:00 Ak 237 1/1/2016 12:00:00 AM 24
27 19
120 190 23 14
20 10
143 143 16 0.5
13 oo
95 95 09 05
06 10
48 18 02 14
-02 19
1 1 05 24
1 44 87 151 174 27 1 44 a7 151 174 217
Min =-0.538 at [165,103), Max = 2,973 at (171,209) Min = 0.036 at (113,54), Max = 2973 at (171,209) Min = 5.A0E-3 at (216,1), Max = 3,009 at (63,156) Wi = 5.40E-3 at (216,1), Max = 2,893 at (83,156)
PM; Normalized Mean Error; 1/1/2016 12:00:00 AM ACONC.133 ACONC.133
10 T T L d T L T T 1 T ~
d | y
2 ]
.,% 8 + ] 0
27 % E 2 2
5 6 ] o
= 3 2 4]
i 1 1 e
] o
§ 5 z pt
@ 1 ("4 =4
Z 4 E 2 5]
T ] 0 4 Q
@ T
N 13 3 =
g — z
E 2 4
5 E R -3 4
4 1 E
0 : " : ' : } ] , ‘ ‘ . , .
133 135 137 139 141 143 145 147 o 4 2 3 M M B N
Case number CMAQ CMAQ-CMAQ Base Case

All “Out-of-Sample” runs: Predicted PM, : Concentration Predicted PM ; Response
Normalized Mean Error (RSM vs. CMAQ) (RSMvs. CMAQ) {3




Out-of-Sample Validation: PM_NO, Conc. & Responses

(Jan., PM_NO; monthly avg., US) Typical 1

PM,; Conc: RSM vs. CMAQ PM, - Response: RSM vs. CMAQ

RSM_ACONC.139 PM {Ambient) CMAQ ACONC.139 PM {Ambient) RSM_ACONC.139 PM (Reduction Invers_MAQ_ACONC.139 PM (Reduction Inverse)

1/1/2016 12:00:00 AM 1/1/2016 12:00:00 AM

257 - 30 7 1/1/2016 12:00:00 AM - 1/1/2016 12:00:00 AM 24
=
27 18
180 190 23 150 14
20 10
143 13 16 143 05
. 13 0.0
95 e“_‘; 95 09 o5 05
¥ M
‘r 06 -1.0
48 a8 02 8 14
-02 <19
1 N 05 . . 24
1 a &7 131 174 a7 1 a &7 131 174 217 1 a &7 131 174 217
Min = 0.056 at (80,55), Max = 3.044 at (171,205) Min= 0.084 at (26,17), Max = 3.044 at {171,208) Min =-0.125 3t {164,14), Max = 3 816 at (116,166) Min = 0118 at (16514, Max= 3195 at (116,166)
PM; Normalized Mean Error; 1/1/2016 12:00:00 AM ACONC.139 ACONC.139
S o= s
10 ——— r — - r e T — T i ! T e T T T T /
~ 9 E 7
o ] - q 0 + ; -
] @
Z 3 2
"g 7 ] 3 11
t 6 E 2 &
w 1 = a
£ 5 ] = 2
3 4 B 1 Q 5
53 E 2
= 4
£ 2 ] 0
=} 4
4 1 E
0 : : : : | : ] : ; : : :
133 135 137 139 141 143 145 147 0 1 2 3 -3 2 1 0 1
Case number CMAQ CMAQ-CMAQ Base Case

All “Out-of-Sample” runs: Predicted PM, : Concentration Predicted PM ; Response
Normalized Mean Error (RSM vs. CMAQ) (RSMvs. CMAQ) 64




Out-of-Sample Validation: Concentration Comparison

(Jan., PM_NO; monthly avg., US) Best 4

Predicted PM, ; Conc.

(RSM vs. CMAQ)

Predicted PM, : Responses

(RSM-Base vs. CMAQ-Base)

[(EE==0899255% ]

ACONC.135

ACONC.136

RSM-CMAQ Base Case

ACONC.135

. s , 4 . s
t t t t t t
-17 12 -07 -02 03 08

RSM-CMAQ Base Case

ACONC.136

cMAQ CMAQ CMAQ-CMAQ Base Case CMAQ-CMAQ Base Case
ACONC.137 ACONC.140 ACONC.137 ACONC.140
#
7 ‘T 7
0 4
3 1 @ @
T T
o o
g 1 g
2 @ @
= = o o
2 2 g g.
2 5] =
1 & &
= =
7] 7]
[ [
0+ -3 4
t f t . } : : :
0 1 2 3 4 0 2 3 -2 1 0 -2 -1 0 1
CMAQ CMAQ CMAQ-CMAQ Base Case CMAQ-CMAQ Base Case
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Out-of-Sample Validation: Concentration Comparison

(Jan., PM_NO; monthly avg., US) Worst 4

Predicted PM, ; Conc.
(RSM vs. CMAQ)

Predicted PM, : Responses
(RSM-Base vs. CMAQ-Base)

RSM

RSM

RSM-CMAQ Base Case

CMAQ-CMAQ Base Case

RSM-CMAQ Base Case

ACONC.133 ACONC.138 ACONC.133 ACONC.138
T T 1 T T T T
/
y
3

2 a
I3 o
o 4]
2 - 8 -
o ol

= = o o

2 2 g g
= =
Q- <Q
= =
w w
© 4

0 1 1 2 3 3 -2 1 -3 -2 -1 0
CMAQ CMAQ CMAQ-CMAQ Base Case CMAQ-CMAQ Base Case
ACONC.143 ACONC.146 ACONC.143 ACONC.146

CMAQ-CMAQ Base Case
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Out-of-Sample Validation: Predicted Concentrations

RSM

CMAQ_ACONC.136_PM (Ambient)

1/1/2016 12:00.00 AM

a4 a7 131

Min = 0.063 ak [24,10], Max = 3 626 ot (LLE166)

27

(Jan., PM_NO; monthly avg., US) Best 1

174

a7

Min= 0.068 st (24,10), Max = 3.678 8t (116,165)

Base - RSM

CMAQ_ACONC.136_PM (Reduction Inverse)

1/1/2016 120000401

Min=-0.022 at (116,102), Max = 2.749 at (166,153)

CMAO

RSM_ACONC.136_PM (Ambient)

1/1/2016 120000 AM

13

a7

27

30 *a
26 v
23 £ 2 %
19
16 1 -
1z i
0a B V -_- %
0s i
02 ®
e

02
-05 N

1 @

Base - CMAO

RSM_ACONC.136_PM (Reduction Inverse)

1/1/2016 120000401

Min=-0.059 at (116,102), Max = 2.903 at (165,153)

Delta

Delta_ACONC.136_PM (Reduction Inverse)

1/1/2016 12.00.00 M

o
Min=-0347 ot (111,148), Max = 0.135 2t (177,186)

a7

23

19

14

02

0s

oo

27

2.0e-1

1 6E-1

B.QE-Z
4.0e-2
0.0E+0
-4.0E-2
-8.0E-2
-1.26-1
-1 6E-1

-2.0E-1
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Out-of-Sample Validation: Predicted Concentrations

(Jan., PM_NO; monthly avg., US) Worst 1

RSM CMAQ Delta

RSM_ACONC.133_PM (Ambient) C(MAQ_ACONC.133_PM {Ambient) Delta_ACONC.133_PM (Reduction Inverse)

1/1/2016 12:00.00 AM Y am 1/1/2016 12.00.00 M

30 P 2.08-1
25 ~ . } \ 1661
23 190 1284
19 8.0E-2
16 143 4.06-2
12 0.0E+0
0s % -4.0E-2
0s -B.0E-2
02 » <1281
-02 -1.6E-1
a7 51 05 L = = = o -2.0E-4
Min= 0,538 at (165,103), Max = 2.973 at (171,209) Min = 0.036 at ( Min=-0,612 3t (165,103), Max = 0,153 a8 (161,156)
Base - RSM Base - CMAO
CMAQ_ACONC.133_PM (Reduction Inverse) RSM_ACONC.133_PM (Reduction Inverse)
27 - 1/1/2016 12.00.00 AM 27 - 1/1/2016 12.00.00 AM 23
19
14
09
0s
oo
-05
-0.9
-1.4
-1.3
-2.3

Min = 5,40€-3 at (216,1), Max = 2.893 at (83,156) Min = 5,40€-3 at (216,1), Max = 3.009 at (83,156)

68



Appendix C:

RSM-VAT Demo & Tutorial:
EUS 12-km Case using "pf-RSM”
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RSM-VAT. Launching Page & User’s Manual

& RSM-VAT 2.4

=
% User's Manual of RSM-VAT - | 4
File - Experimental Design Visualization & Analysis View - — —
oE A B
- Hide Home  Prnt  Options I
@) Create/Input RSM Option RSM2.4 US PM2.5 January creaf 3)
9 Model Data Input Option Conterts  Search  Favortes 6.1 Create/ Input RSM Option Top Previous Next 4
&9 validation and Option %, Visualization = & | , . . :
bl QA Op 'f_ & Anah‘rs.s q_.,_!, Valida 1 Introduction The Create/ Input RSM Option includes RSM-VAT Project Fi
------ 9 Visualization Analysis Option @ 2 Quick Start . . —
= @ 3 Terninology and File| || Create RSM File, and Advanced Option. as shown in Fig. 43.
/| Map REI:EP“DT Analysis l =) [2) 4 Main Interface | File = Experimentsl Design  Visuslization & Anslysis QA & Velidstion  View -
i & @ B Experimental Desig:n @ Create/input RSM Option
(
Create/Input RSM Option < 2D Plat | 3D Plot | ContourPlot| || Qs e marmeoiet | || ST s
. o i @ Visuatiacion Arstyls Option B hirse D vataaion Log/ Msg
N ° b 26 factors @ [ Model Data Inpe I [ nmw-mm-: | e |
|US_PMZ.E_Januaw_createRSM_Tl.rsmproj @ 6.3 Validation and Create/Ingut RSM Option ) 20 Plot | 30 Blat | Cortour Blat
egion[ | Pollutant[ ] Sector [M 6.4 visualization s e .
) Input RSM File {*.rsm): - @ 7 Vicualization & Anal — - e A
i (7 e BT * [Pz s_CneRegion_tamgie rim a)
(®) Create RSM File: 4 Mhcthod Sciings Pa— [P

RSM Method Settings
() pf-ERSM (® Low-degree pf-ERSM

Data Input Option
Emission File:

Click module name to invoke S —

Faciorsinta L3 Precursor,_Cresegion cow

on I i ne U se rls manua I P A

[Matrix_RSMUSA_casel-132.csv = e e |G T
Precursor Factors File: ' |_|1 I:“:::;:‘:.‘:::M—u— 3 2
|FactDI’SlnfD_US_PTEEUrSDI’.GV | = NE_CRVWVOCLAIL MM ..o Enih Subregion Sampling Number » ‘ -
ShapelCC File: ] 1 [ szt oot T .
|JSA_\.I'.'thE_StatEShapESLCC_LaI‘I‘IbEI‘tEI’.GV | (]
145
Region File: SE_CRANOx\AIL_MM Cancel ﬁ _'
|U5_Mulri_regi0n include othertt | (] ' Ijl e S
- = Fig 43 Create ut RS\T tion
Emission Parameter Settings SE_CR\SO2VAII_MM & an Op v
» RSM-VAT Project File: allows users to directly open a rsm
g All Regions Sampling Number: 20 ' -
0| [ os| < > || ¢ >
@ Each Subregion Sampling Number: SE_CR\MH3\AII_MM
Advanced Option Ijl
SE_CRAWWOCVWAIIL_MM
Use the BC Factor —CRY \ALL a5
[] sectoral Fitting Input Option
Sectoral Emission File: CEN_CR\NGAALL N

Sectoral Factors File:

For first test run, Click “Next”
all the way thru until all
“green lights” @ flash

oo

Sectoral Base Case CMAQ File:

51, Max = 56.637 at (34,171)

Cancel -

Back

™
14

\..
d




1. Create/Input RSM 2. Model Data Input 3. Validation & Q/A

Option

Option

Option

4. Vis./Analysis
Option

Ll RSM-VAT 2.4

File -~ Experimental Design

Visualization

t ) Create/Input RSM Option
@ Model Data Input Option
@ Validation and QA Option
@ Visualization Analysis Option

Ll RSM-VAT 2.4

File = Experimental Design

Visualization &

1) Create/Input RSM Option
- t ) Model Data Input Option
@ Vvalidation and QA Option
- Visualization Analysis Option

Ll RSM-VAT 2.4

File ~ Experimental Design

Visualization & 4

Ll RSM-VAT 2.4

File -~ Experimental Design Visualization & A

Create/Input RSM Option

RSM-VAT Project File (*.rsmproj)

() Input RSM File [*.rsm):
(@ Create RSM File:

RSM Method Settings
() pf-ERSM

Data Input Option
Emission File:

(@) Low-degree pf-ERSM

| Matrix_RSMUSA_casel-132.csv

Precursor Factors File:

| Factorsinfo_US_Precursorcsv

ShapelCC File:

| JSA_whole_StateShapesLCC_Lamberter.csv

Region File:

| US_Multi_region include othertt

Emission Parameter Settings
g All Regions Sampling Number:

g Each Subregion Sampling Number:

Advanced Option

Use the BC Factor
[] sectaral Fitting Input Option

Sectoral Emission File:

Sectoral Factors File:

Sectoral Base Case CMAQ File:

Cancel

-

Model Data Input Option

Model Data Input Option
Base Case CMAQ File:

2)

|ACONC.1

0

Target Pollutant
@® PMm: ~

Fitting Parameter Settings

Threads Count:

O os: Unit:
““PTECUTSOT POIILANT

MNH3: MH3 e Unit:
so2 ~ uUnit:
woC i Unit: m
POA: Unit: I:I
2
E

Scenario Plot

Select Cases

Selected Cases

Clear All

ACONC1
ACONC.2
ACONC.3
ACONCE
ACONCS
ACONCE
ACONCT
ACONCE

Cancel

Runnine

-4 ) Create/Input RSM Option
) Model Data Input Option
) Validation and QA Option

-4 ) Create/Input RSM Option
) Model Data Input Option
) Validation and QA Option
w4 ) Visualization Analysis Qption

Validation and QA Option

Validation Types
Out of Sample

Qut of Sample Input Option

Emission File for Out of Sample:

2)

[] cross validation

|[_R5MUSA_caselSﬂ—:lj?__out_of_sample.r_w

=

Cancel

Next

Visualization Analysis Option

©

Receptor File
Receptor Region File

|Us_Mult_Monitor.oa =
Plot Types
Contour Plot
Contour Plot Settings:
Receptor Region: | A NE_CR ~
Current View: |Ambient w
Factors
Min: EI Max: Equal portions: EI
X Axis
is Title: I:I Select X Factors
Y Axis
¥ Axis Title: I:I Select Y Factors

Cancel

Bac Next



Workflow to Create RSM in “RSM-VAT”

. === Emission control matrix - :
ExPerlmental (Control Matrix module) :

Design === Region Control NetCDF file ..... :
(RSM-VAT) (CMAQ, Preparation module) : :

=== Emission control namelist flle
(CMAQ Preparation module)

Prepare CMAQ

CMAQ results Run CMAQ

Run RSM Project

(RSM-VAT)

RSM results

Visualization &

Analysis
(RSM-VAT)

Main Workflow for Running ”RSM-VA}'E



Experimental Design

Running “Single Region” RSM

Note: Default RSM case is “5 Climate Regions” in RSM-VAT
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RSM-VAT:. Experimental Design Module

Lol RSM-VAT 2.4

Click “Experimental Design” module to -2

Vlsuallzatlnn & Analy,

are CMAQ data for creating RSM)

RSM2.4_US_PM2.5 January create SM_T1 Q ©

File Experimental Design

Control

CMAQ

() €% Create Region Control NetCDF File

Matrix L= Preparation

(® €3 Merge/Subtract Region Operation

&) Log / Msg

Reg Ctrl MetCDF ] EmissCtrl Hamelist

All Regions:

CEN_CR the Selected Regions
(O &3 Export Emission Control Namelist File NE_CR
SE CR FileMame = U5_ExAMPLE .ncf
£} Merge Subtract Region Operation Setting UPMW _CR
OTHER
Load Region Control NetCDF File .
|US_EKAMPLE.m:f | &)
CEN_CR
Load Region Formula File(*.csv) ME_CR
SE_CR
|Regi0n COperation Formula.csv | = UPMW_CR
OTHER
@ Append Region with Formula
Add/Remove

O Create Region with Formula

OH-CalumnOH

CMACQ_MName Expression
SE_CR-5C "[1]1SE_CR"-"[2]5C"
WVKY "Wt 21K

"[2]0H"-"[3]ColuOH"

QOutput Reg Cirl MetCDF File

Export Variables for
Mapping File

/4




Example Data

Default case for Experimental Design is for “5 Climate Region”, but you can run “One

Region” case & “Sector” case with the following setup:

* |Input Data for Experimental Design and RSM runs for OneRegion:
C:\Users\...\Documents\My RSM-VAT Files\Data\Example\US_RSM — OneRegion

Experimental Design projects (.expproj):
1. US_PM2.5_ MultiRegion_Example.expproj

2. US PM2.5 OneRegion_Example.expproj
3. US _PM2.5 Sector_OneRegion_Example.expproj

RSM projects (.rsmproj):

1. US PM2.5 OneRegion_Example.rsmproj
2. US_PM2.5 Sector_OneRegion_Example.rsmproj

Note:

» “US_PM2.5_ MultiRegion_Example.expproj”: the example project of experimental design module for multi-region
RSM, while the corresponding input data (C:\Users\...\Documents\My RSM-VAT Files\Data\Example\US_RSM) and RSM

project (.rsmproj) has been run and packaged in our last version of RSM, as shown here.
[ us_Pmz.5 July.rsmproj 2020-04-20 12:16 RSMPROJ 56,064 KB
[ us_PM2.5 January.rsmproj 2020-04-20 12:12 RSMPROJ 56,064 KB

» “US_PM2.5_OneRegion_Example” : the example project of experimental design module for single-region RSM, in

which all regions were merged into one region;
» “US_PM2.5_Sector_OneRegion_Example”: the example project of experimental design module for sectoral single-
region RSM, in which the sources of NOx were divided into ‘Points’, 'Mobile’ and ‘Others’ 75



Experimental Design

1. Click Experimental Design menu to switch to this module.

pd

File ’I Experimental Design I Visualization & Analysis QA & Validation View -

New Project
Open Project(*.rsmproj)

Save Project(*.rsmproj)

Open Experimental Configuration(*.expproj)

Save Experimental Configuration(*.expproj)

Log / Msg ‘

()| Add-on Traditional

Add-on pf-RSM
RSM Matrix

Qut of Sample
Start Value: EI

Validation:
Factors Change Only:
Change Only:

Additional Marginal Processing
Difference Range:

Add the BC Factor

End Value: EJ

0 Sampling Number for Qut-of-Sample
@ 5ampling Number for Non-linear

0 Sampling Number for Linear Factors

[ US_PM2.5_OneRegion_Example.expproj
L US_PM2.5_Sector_OneRegion_Example.e...

2KB
2KB

EXPPROIJ File

[ 9
| .

Options Matrix =

Output Scenarios \ |

Exit | _ ] _ )

— il 2. Open a sample experimental configuration file
1)A/NOX/ALI_MM . .o
e under the File menu or save a specific
< > experimental configuration file of interest.
Setting

Fitting Sample ‘ |
Start Value: End Value: Fixed Value: configuration.. %
‘ U‘ | ]'zl m ‘ < Users » Devin > Documents > MyRSM-VATFiles » Result » Output » Experimental Configuration w|® |  Search Experimental Configur.. 0
OAIIRegionsSamplingNumber: Ij} folder =~ ™ @
@ Each Subregion Sampling Number: W] 4 A Name : Type Size
| ] US_PM2.5_Example.expproj 2KB

«| | Experimental configuration file

File name: ‘

3. Load the project of Experimental

—

Design module

Sample

Export Data ‘ ‘
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Steps for Experimental Design

Option 1 (recommended and Option 2 (not recommended because
used in our example case) the Step 3 is time-consuming)
( ) 4 )
Steb 1: Create the emission control matrix for Create the emission control matrix for
otep 2. single-region RSM single-region RSM
. J . J
U U
( ) ( )
Create resion control NetFDF file based Create single-region shapefile (.shp) that
Step 2: | on region control shapefile (.shp) that . . A
b el . . . consisted of only one region using ArcGIS
consisted of multiple regions
. J . J

U U

Create the new single-region NetCDF file
through merging the regions in the

Create the single-region NetCDF file based

Step 3: NetCDF file generated in Step 2 using on the single-regiop shapefile (.shp)
RSM-VAT generated in Step 2
0 U
Export Emission Control Namelist file Export Emission Control Namelist file
Step 4: based on the emission control matrix and based on the emission control matrix and
——&———| single-region NetCDF file generated in single-region NetCDF file generated in
step 1 and step 3 respectively step 1 and step 3 respectively
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ontrol Matrix for Single Region

» Step 1: Create emission control matrix for RSM

Key Settings for single region matrix:
All Regions Sampling Number: 0
Each subregion Sampling Number: 20

File -~ Experimental Design Visualization & Analysis QA & Validation View -
Q ©
. Control CMAQ /) Log / Ms
o - . y
E ] Matrix \sms Preparation | g g
=\ pf-RSM (7)) TraditionalRSM | (T}, Add-on pf-RSM | (T} Add-on Traditional
N\ ) Matrix WP Matrix WP Matrix o RSM Matrix
I@) Factors File[*.csv) O Sectoral Factor File[*.csv) (e l
Factorsinfo_US_OneRegion.csv | = Run  1)A/NOX/AI MM 2)A/S02/A1 MM 3)A/NH3/AI MM AJANOC/AI MM SJA/PM25/AII MM B)BC ~
Factor i i 1 i i i 1
2 102292704418355  0.931175817777867 0.591879598724058  0.00262248803544269 1 1
LIA/NOX/AI_MM 3 0.001896006548451  0.0251350151374037 1.16725571385516 0.960631339796943 1 1
ZIA/SO2/AI_MM 4 114209395493724  105645163067232  0.0747535564776298  0.196666922444716 1 1
SIA/NHS/AIL_MM 5 0.954542242569346  109982562982103  1.01941015845775 0.161286522187374 1 1
SANVOC/AI_MM 6  0.68591561340601  0.872152177643501  0.103352945258537  0.635694050667367 1 1
SIAPMIS/ANL_MM 7 0.9840881534288 0.334445198223896  0.423900892970227  1.02271299845831 1 1
B 0.833656437700255  0.155034620746148  0.150282424794715 0.921692851537347 1 1
- 9 0.125103902967618 0.810292286847436  0.641499942182067  0.683185222712848 1 1
mf'grg Sample 10 0.742803624863716  0.380566454726313  1.06896728921863 0.0690849364964984 1 1
e 11 0.5488744B7690276  0.540485591191676  0.302469379764846  0.575317722631795 1 1
2 o5 12 0.227357068977977  0.292228499688863  0.92943922270581%  0.850713442892785 1 1
l:l m 13 0521936053808174 0.483791235999261 0.417897252816317  118288397986836 1 1
@ All Regions Sampling Number: EI 14 118071122414615  1.18707995726414  0.8344B4266823386  0.426345288078671 1 1
15  0.486874096327918  0.715152340567625  0.263811246671103 1021570841867 1 1
. . ; :
Sa m p I 1 ng Sett 1 ng * see more @ Each subregion Sampling Number: 16  0.78904419638758  0.582508154144753  0.650472828575594  0.151355891182251 1 1
Out of Sample 17 0.205526187221285 0.114243263992281  0.482819453235563  0.280677067942305 1 1
. .
t|ps by hoven ng the mouse N EI T 18 0.845050204543965  0.380533983189366 0.882793779151084  0.3474068355528 1 1
. ) 19 0.248908181072435 113687991838935  0.759879657249442  0471102593192465 1 1
over the icon @ 7] \S,n:r;;;?fnwumber fegtuLeisampls 20 0.329526376655927 0.90903237473032  0.008B93295662507699 0.70866234518058 1 1
21 0 0 0 0 1 1
@ Sampling Number for Nen-linear EI z [ 1 1 1 o 1
Factors Change Only:
€ Sampling Number for Linear Factors EI B N 1 1 1 05 1
Change Only: 24 1 1 1 1 1 o
25 0.59954740905313%  0.149157200616158  0.275613041339014  0.317484131671982  0.730518029426614 1
Additional Marginal Processing 3l 26 0.167086920781074  0.28270929060149 0.106639969835775 0.0703187262949399  1.12481308911917 1
=== Boages — 27 _ 103892188063204  0.507401949702812  0.195850351765886  0.34079012425856 0.227800776770696 1
T —— A 0.0071706310744508  0.20767099968015 5 0.3;50593595234;‘ 0.55?70:'555;?4215 0.131121]3425137
. Export Data I
m— . Save the sampling results
1. Get sampling result. pling

as a .csv file to focal path.
(\My RSM-VAT Files\Data\Example\US_RSM - OneRegion\Config Files\Factorsinfo US_OneRegion.cs])8




CMAAQ Preparation for Single Region

» Step 2: Create region control NetCDF file based on region control shapefile (.shp)

File -~ Experimental Design Visualization & Analysis QA & Validation

@ Control CMAQ <

Matrix = Preparation

I (@) 3 Create Region Control NetCDF File I

O @ Meree/<| 1 “Select the Step D.

Export ENission Con

€3 Create Region Control NETCDF Setting
Grid Definition File (GRDCRO2D)

|GRIDCROZD.]ZEUSZ.SEL.JEDJM | =)
Region Control File (*.shp) . .-
File Name a

[1]US_climate_regions.shp
[2]US_state.shp

Nar2. Click to select thos

CEN_CR Chio ValleyiCentral)

NE_CR nor@rge

OTHER The Whole User-defined Region - Select...

[3]US_cbsa.shp hd
— \‘
Selected Regions (l Manage Selected Regions |‘
— ——— —
CMAC_MName

ii_n:ﬂ:fw_m i?::t: rE SEEH Eﬂ:g Boﬁ-twt.Eemg:R' S E--

Log / Msg

MNetCDF  Namelist

All Regions:

View ~

CEN_CR
ME_CR
SE_CR
UPMW_CR
OTHER

regions that used to

"R,UPMW _CR,OTHER)

the Selected Regions

e FileMarme = US_ExAMPLE. ncf

189

142

95

43

/1

P

1

L
Load NetCDF File Export Variables

Ql

CEN_CR
ME_CR
SE_CR
UPMW_CR
OTHER

Q .

3. Click to start generating NetCDF file for selected regions.
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CMAAQ Preparation for Single Region

Mange Selected Regions:
Click to select those regions that used to merge (CEN_CR,NE_CR,SE_CR,UPMW_CR,OTHER)

File - Experimental Design

Load NetCDF File QOutput Cancel

Visualization & Analysis QA & Validation View -
Q ©
Q’ Control CMAQ S Lo / Ms
: Matrix == Preparation g g
MNetCDF  pamelist ‘
Create Region Control NetCDF File
we AR @ Select Reg O
Merge/Subtract Region Operation
O B i " pe CEN_ Avaliable Regions Selected Regions
(O &} Export Emission Control Namelist File NE_( Filter Dataset Filter CMAQ Name Name
. . e’ . US_climate_regions -
€3 Create Region Control METCDF Setting el = | CEN_CR Ohio Valley(Central)
R . _ | UPM e NE_CR Northeast
Grid Definition File (GRDCRO2D) | -
otHi | o0 CMAQgglame  Name SE_CR Southeast
|GRIDCROZD.]ZEUSZ.SEL.JEMDJ | = (s TEN_CR Ohio Valley(Central) _,M Upper Midwest{East North Central)
0 NE_CR Northeast OTHER The Whole User-defined Region - Selected Regi”l
Region Control File (*.shp) .- . 1 NRP_CR North Rockies and Plains A
i B NW_CR Northwest
File Name “ 4 S_CR South kst Define “Other” Region - X
[11US_climate_regions.shp 5 SE_CR Southeast
[2]US_state.shp [ls SW_CR Southwest Choose the way to define the "OTHER" variable:
a 7 UPMW_CR Upper Midwest{East North Central)
[3]US_cbsa.shp M 8 W_CR West O All domain - the selected regions
Selected Regions < i Manage Selected Regions i )# (®) User-defined Regions - the selected regions.
= Drag the regions to the - :
CMAG_Name Name g g |USA_Conr|nent.snp } =
CEN_CR Ohio Valley(Central) right panel to add regions.
ME_CR MNortheast | Region name: |OTHER |
SE_CR Southeast
UPMW_CR Upper Midwest{East North Central) L e
OTHER The Whole User-defined Region - Select... | A
' Click to define
. g
Other region. (C_pemeomer D
Add regions: click and select the region items on the left panel, and then drag them to the right panel. oK Cancel

Remove regions: click and select the region items on the right panel, and then press the delete key to remove them
Export Variables
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CMAAQ Preparation for Single Region

» Step 3: Get the new NetCDF file for Single Region through merge operation on the
generated NetCDF file from step (D).

File - Experimental Design Visualization & Analysis QA & Validation View -

¢~

Q Control CMAQ Log / Msg

Matrix == Preparation

MNetCDF  pamelist

() €9 Create Region Control NetCDF File | All Regions:

[ ® 3 Merge/Subtract Region Operation US. EXAMPLE MERGE US_E XAMPLE_MERGE

O© ExportE 1. Select the step @ - FileMame = US_EXAMPLE_MERGE.ncf
€} Merge Subtrad Region Operation Seltin g

US_EXAMPLE

Load Region Control NetCDF File

Use the NetCDF| | [vs_examPLEnct II=

file generated Load Region Formula Filel*.csv)
from step @ as Region Operation Formula.csv I

. O Append Region with Formula
the Input. ) ) Add/Remaove
@ Create Region with Formula

o
CMACQ_Mame Expression *
US_EXAMPLE "[4]CEN_CR"+"[4]NE_CR"+"[4...

2. Edit formula for
region operation.

3./Click to start generating NetCDF file /

Load NetCDF File Export Variables

0]
—




CMAAQ Preparation for Single Region

Edit formula for region operation (merge regions)

File -~ Experimental Design Visualization & Analysis QA & Validation View ~

Q O

Q Control CMAQ N Lesilen
: Matrix lww Preparation tus Region operation... - o X
) Net  ayaliable Regions Formula Editor
(O €9 Create Region Control NetCDF File | Fiter Dataset "4ICEN_CR"+"[AINE_CR"+"[M]SE_CR™+"[4]U
@® €3 Merge/Subtract Region Operation = | [4]US_EXAMPLE » | . . PMW_CR"+"[4J0THER .
E rt Emission Control N list File Fit
() &3 Export Emission Control Namelist Fil | iiter /{/I Clear @
€} Merge Subtract Region Operation Setting v =
Load Resion Control NetCDE File jle NO. (E::E"Ir??:_:ame Note: T;Hh:ﬂ:r:n:t;le“rﬂl.lﬁﬁe enclosed by single or double quotatipn
[US_EXAMPLE.ncf =) 4 NE_CR Selected Regions
4 SE_CR H . 1
Load Reegion Formula Filel®.csv) Edlt formUIa for 4 UPE"IW CR DOUbIe‘Cth the CMAQ_Name Expression v
- - 0 . - . US_EXAMPLE "[4ICEN_CR"+"4INE_CR"+"4]SE_CR"+"[4]UI
|Reg|nn Operation Formula.csv reg|on operahon. 4 OTHER reg|ons to add

() Append Region with Formula N them into the
(® Create Region with Formula @ g H
formula editor.

-~
CMAC_Name Expression
US_EXAMPLE "[4]JCEM_CR"+"[4]ME_CR"+"[4...

Edit Delete

Add formula: double-click the regions on the left panel to add them into the “Formula Editor” on right. oK Cancel
While the edit finished, click the "Add” button to commit the formula to the “Selected Regions” panel.

o i [ s

1 44 a7 130 173 216

Load NetCDF File Output Export Variables
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CMAAQ Preparation for Single Region

» Step 4: Export Emission Control Namelist file.

Use the NetCDF
file generated
from step @ as
the input.

File ~ Experimental Design

Control
Matrix

CMAQ
=== Preparation

() &9 Create Region Control NetCDF File
) €3 Merge/Subtract Region Operation

Visualization & Analysis

¢~

QA & Validation

Log / Msg \

MetCDF Mamelist

File List

View -

EmissCtrl_RSMUSA_OneRegion_012.nml

| (@ &) Export Emission Control Namelist File | 1. Select the step @

9 Export Emission Control Hamelist Setting

Namelist Template File {*.nml)

|EmissCtrl_RSMUSA_OneRegion.nml | o
Region Control NetCDF File

|U5_F_KAMPLE_MERGE.H|:[ | o
Control Matrix

O From Current "Control Matrix" Sampling Result

@ From Input file{*.csw)

|Matrix_F!SMUSA_OneREgic-n.Gv | =
Mapping File(*.csv)

|Mapping_Factc-rs_OnERegion.Gv | =

i - Factors MM

Factors Region CMAQ Region Sectar Seq
A US_EXAMPLE_MERGE AlI_MM ALL_
£ >

E mlssCtrl_RSM USA_O nef
EmissCirl_RSMUSA_Onef
EmissCirl_RSMUSA_Onef
EmissCrrl_RSMUSA_Onef
EmissCrrl_RSMUSA_Onef
EmissCrrl_RSMUSA_Onef
EmissCrrl_RSMUSA_Onef
et RS SO,

T ETISECIT RO S, OTTeT
EmissCrrl_RSMUSA_Onef
EmissCrrl_RSMUSA_Onef
EmissCrrl_RSMUSA_Onef
EmissCrrl_RSMUSA_Onef
EmissCrrl_RSMUSA_Onef
EmissCrrl_RSMUSA_Onef
EmissCrrl_RSMUSA_Onef
EmissCrrl_RSMUSA_Onef
EmissCrrl_RSMUSA_Onef
EmissCrrl_RSMUSA_Onef
EmissCrrl_RSMUSA_Onef

A 5

Load NetCDF File

EmissCtrl_RSMUSA_Onel puigd

Filter:

oupe_ 2. Click to export namelist files.

'EVERYWHERE', "ALL" ['PMCOARSE_S04''AS04'  'COARSE,1. 'UNIT.'a',
'EVERYWHERE', "ALL" ,'PMCOARSE_NO3','ANO3'  'COARSE'.1. JUNIT"'a’,
'EVERYWHERE', "ALL" ['PMCOARSE_CL' 'ACL' JCOARSE,L 'UNIT'8',
'EVERYWHERE', "ALL' ['PMCOARSE_H20','AH20"  'COARSE'.1. 'UNIT".'a',
'EVERYWHERE', "ALL' ['PMCOARSE_SOIL''ASOIL"  ['COARSE',1. 'UNIT.'&',
'EVERYWHERE', "ALL' 'PMCOARSE_SEACAT''ASEACAT' ['COARSE' 1. UNIT''a',

I> CUSTOM MAPPING EXAMPLES <!

'US_EXAMPLE_MERGE', 'ALL_MM'  ,'ALL' NOx'  'GAS' ,0.432514006,UNIT','m
'US_EXAMPLE_MERGE', 'ALL_MM'  JALL' ,'S02'  ['GAS' ,0.041362158 'UNIT''m
'US_EXAMPLE_MERGE', 'ALL_MM'  'ALL' NH3'  ,'GAS' ,0.188971141'UNIT''m
US_EXAMPLE_MERGE', 'ALL_MM' ALl VOO 'GAS' ,0.97E930682,'UNIT''m

/

1 1
1Size Distribution Specification Section 1
Each size distribution rule either modifies the parameters associated with !
the aeroscl modes of a particular stream, or adds new modes to a particular!
stream if they do not already exist. 1
1
Definition of Fields: 1
‘Stream - Label for the emissions stream that the instruction will !
Label' applyto. If the label is "&LL", then the instruction will |
be expanded to apply to all streams. 1
'Surrcgate Mode' - With this label, the user identifies which mode from |
the emissions is to be modified or created. With this!
specificity, multiple modes can be defined and mapped!
in the emissions instructions in the next section. !
'Reference Made' - This label maps the emissions surrogate aeroscl mode !
to specific parameters catalogued in the AERO_DATA |
module.




Experimental Design

(Single Region with sectors)
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Control Matrix for Single Region with sectors

» Step 1: Create sectoral emission control matrix for RSM

Key Settings for Single Region with sectors:

Fixed Value: 0 File '| Experimental Design | Visualization & Analysis QA & Validation View -
Q ©
. Control CMAQ ~
Q Matrix lsss Preparation |~ Log / Msg ‘
\/‘J pn:::f: ‘/‘_}I Tradi::;ai)l‘ RSM ‘/j‘/' Add_l\::t':if;nsm ‘/j‘/' Addﬁ;aTﬁa:irt';onal
O Factors File(*.csv) @ Sectoral Factor File(*.csv) VL) l
Only the precursors that |:tor5Info_US_Sector_Precursor_OnEREgion.rjv| = Run  1)A/NOX/Maobi.. 2)A/NO¥/Poin.. 3)4/NOX/Others
. . Factor L 2 L 2
contain different sectors A/NOX/Mobile ;/43 : L
: 2)A/NO¥/Points
are needed to be listed oo / : : °
in the sectoral file p—r
ng
Fitting Sample
StartValue: End Value:
o 12 _:’
SN~— Note:
QAII Regions Sampling Number: o . . . .
U - If only part of the precursors are divided into multiple
Outof Sample sectors(e.g., NOx/Mobile, NOx/Points, SO,/All_MM),
sor e ND“b e the 0O0S matrix for sectors could be generated through
ampling Number for Out-of-Sample . . R .
9 atdason: - checking the “Factors File”, as shown in the next slide
@ sampling Number for Non-linear EI
Factors Change Only:
(7] i: :‘lnpgléngnhll::m ber for Linear Factors 0
Additional Marginal Processin
Difference Ran:e: ¢
2. Save the sampling results
1. Get sampling result. Geree D as a .csv file to local path. mem D

(\My RSM-VAT Files\Data\Example\US_RSM - OneRegion\Config Files\Factorsinfo_US_Sector_ Precursor_OneRegion.csv)
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Control Matrix for Single Region with sectors

» Create out-of-sample emission control matrix for sectors

ile = Experimental Design isualization nalysis alidation iew -
Fil Expe tal Desig Visualization & Analy: QA & Validati V
|
Q O
Q Control CMAQ = Log / Ms
: Matrix ls= Preparation 4 g
(=) pf-RSM ( Traditional RSM | | Add-on pf-RSM | | Add-on Traditional
'\/-\‘) Matrix Q Matrix @ Matrix @ RSM Matrix
@ Factors File[*.csv) O Sectoral Factor File(*.csv) o |
|FactorsInfo_US_Sector_OnEREgion_OOS.rju | = Run  1)A/NOX/Maobile 2)4/NO¥/Paints 3)4/NOX¥/Others A)ASS02/811 MM S)ASNHI/ AN MW B)A/VOC/AIL MM
Factor A 1 1 1 1 1 1 1
. 2 0.549653590893444 0.580242287900109 1.19151983445934  (.BB0B22B3651302 0.218987776461612 1.101298448790
Generatin the 1JA/NOX/Mobile 3 0.467668218740853 0.713976754183833 0.73597568837679  0.81B790559571504 0.3184B2390395837 0.545504530811
g 2)A/NOX/Points )
. A O OFhere o 4 1.09202740591643  0.178B4066E185833 0.361200307377236 0.0977407781685852 0.577184017335968 0.665193216006
0O0S matrix for = o 5 0.262378271B43041 1.044572683532 0.549304408168601 0.682837683768382  0.912574931294806 0.160111041461
. & 0.231032173477465 0.123422013857968 0.15544516942195  1.10577803482752 0.795300397664342 0.213104313147,
factors that Setting
Fitting Sample
Contain both the StartValue: EndValue:  Fixed Value:
1] 12
sectoral | | | | n |
All Regions Sampling Number: EI 0%
precursor (e.g., @il Regions Sampling :
. 9 Each Subregion Sampling Number: EI 4
NOx/Mobile) i
Out of Sample
and A"_MM Start Value: EI End Value:
recursor (e.g. Sampling Number for Qut-of-Sample -
P (e-g., 8 cnan
SOZ/A") € Sampling Number for Nen-linear El
Factors Change Only:
QSBmpling Number for Linear Factors 0
Change Only:
2. Save the sampling results
Additional Marginal Processing .
Difference Range: 12 / as a .csv file to local path.
< —_—
(] Add the BC Factor \ )
. Export Data
< samele ) 1. Get OOS sampling result. y
—

(\My RSM-VAT Files\Data\Example\US_RSM - OneRegion\Config Files\Factorsinfo_US_Sector_OneRegion_00S.csvB6



CMAQ Preparation for Single Region with sectors

\4

Step 2: Create region control NetCDF file based on region control shapefile (.shp)

» Step 3: Get the new NetCDF file for Single Region through merge operation on the
generated NetCDF file from step (D).

The above steps for single region with sectors are the same to “single region” (detailed in Slide 8 to 10)

» Step 4: Export Sectoral Emission Control Namelist file.

File -~ Experimental Design Visualization & Analysis QA & Validation View -

Control CMAQ Lo / Ms
! - A y
Matrix == Preparation g g
MetCDF HMamelist l
() ¥ Create Region Control NetCDF File File List
5 q EmissCtrl_USA_RSM_2ndCase_sector_COneRegion_005.nml
() #3 Merge/Subtract Region Operation Emis=Crl_EENUSA OB - =T = ——nenegion
missterl_| = 1'REGIONS' ['ALL' VAL 'NOZ' JGAS' 2.0 UNIT,'m',15cale NOZ in the region  a
. (@ &3 Export Emission Control Namelist File EmissCtrl_RSMUSA_O Izbelled
Use the namelist — — EmissCrrl RSMUSA O 1"REGIONS" by 200%
|9Expnn Emission Control Mamelist Setting I IRCES' ,'PEC’ ,'AEC’ JFINE,0.1 UNIT','m' 1Scale black
H om
tem plate file Namelist Template File (*.nmi] ¥ 1.Select the Step @. I stream family "PT_SOURCES" o 10%
|E oo USA FaN 3t e ——— || ‘ = | N i JPT_ ES' VAL VoL JGAS' 40 UNIT','m',15cale all VOCs from
missLtr n ase_si or_UnerRegion.nm =
from EPA - - - - £ EmissCtr]_RSMUSA_O the family ) _
. ~ ~ 1"PT_SOURCES" by 400% only in the region
Region Control NetCDF File EmissCtri_RSMUSA_O 1 1abelled "REGIONS"
[US_EXAMPLE_MERGE nct I EmissCtri_RSMUSA_O I'REGIONS' ['PT_SOURCES' NVOL' /HONO'  'GAS',0.66,'UNIT'a',lAdd 0.66°NVOL
U se th e N etC D F = = EmissCerl_RSMUSA_O as HONO in the region
- N llabelled "REGIONS", but only from
Control Matrix .
Emfssm'—RSMUSA—O | streams in the "PT_SOURCES" family
fl | e ene rate d (C) From Current "Control Matrix” Sampling Result EmissCtrl_RSMUSA_O
g EmissCtri_RSMUSA_O 1RSM Example of all region NOx 60% cut
@ From Input file(*.csv) EmissCrr_RSMUSA_O below.
fro m step as EmissCrl RSMUSA O 1'EVERYWHERE', 'ALL_MM" VALY NOx JGAS LDAUNIT,'m',
|Matrix_RSMUSA_sector_OneRegion.Gv | = misstirl_| =
h . EmissCeri_USA_RSM_: 'US_EXAMPLE_MERGE', 'Paints’ JALL NO! JGAS' L0 UNIT,'m’,
t ein pUt Mapping File|*.csv) EmissCtrl_USA_RSM_: 'US_EXAMPLE_MERGE', 'Mabile’ SALLNOw JGAS0UNIT,'m',
) ] 'US_EXAMPLE_MERGE', 'Others’ VAL NOx JGAS' D UNIT,'m,
EmissCtri_USA_RSM_:
|Mapping_Facturs_sectur_ﬂnEREgiUn.Gv | = u
—— oo [ EmissCtrl_USA_RSM_ ]——! 1
Factors Region  CMAQ Region -F_Cflw ! Size Distribution Specification Section 1
Sector Seq| missCEr | ]
1 Each size distribution rule either modifies the parameters associated with !
A US_EXAMPLE_MERGE All_MM ALL_| EmissCerl_USA_RSM_: ! the aerosol modes of a particular stream, or adds new modes to a particular!
Points Poir EmissCrri_USA_RSM_. 1 stream if they do not already exist.
) EmissCrl_USA_RSM_: ! !
Mobile Mok EmissCirl LSA RSM - | Definition of Fields: !
Others Othg - - =™ 1 'Stream - Label for the emissions stream that the instruction will |
< > 1 Label' apply to. If the label is 'ALL', then the instruction will !
R 1 be expanded to apply to allstreams 1 W
< > Filter:

ezl omx ) L2 Click-to export namelist files. -
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Running RSM Project

with Single Region

Note: Default RSM case is “5 Climate Regions” in RSM-VAT

38



Run RSM Project

» Steps of running RSM project for single region

File - Experimental Design Visualization & Analysis QA & Validation View ~

. 43 Create/Input RSM Option c_ s - -
: 3 Visualization Analysis Option ()
‘-4 ) Model Data Input Option Model Data Input Option {1# v £ >
) Validati d QA Opti P Receptor File
(4 Validation an pHon Model Data Input Option ‘ Log / Msg Receptor Reglon File

-4} Visualization Analysis Option

Base Case CMAQ File: ;a . . . p |U5_Multi_h."|0nit0r-OneRegion.m | =
. ~ |MO|\":_1 | = Validation and QA Option 9) Py
Create/Input RSM Option ). [ o
- Target Pollutant | Validation Types [] contour Plot
RSM-VAT Project File (*.rsmproj) o
‘ ] - ® PM: [PM25_TOT nfiE Out of Sample [ Cross validation
|
. . Out of Sample Input Option
() Input RSM File (*.rsm): O os: Unit:
Emission File for Out of Sample:
(®) Create RSM File: Precursor Polltant ® -
|_|:ase?j—43_out_of_sample_OneReglon.rjvl =
RSM Method Settings NOx: |NOx v Unit: 5
O pf-ERSM (®) Low-degree pf-ERSM
Data Input Option NH3: |NH3 w Unit:
Emission File:
|Matrix_RSMUSA_case_OneRegiun‘csv ‘ = 502: |302 ~ Unit:
Precursor Factors File: vacs:  [voc " Units
|Factnrslnfo_US_OneRegiun.csv ‘ =
ShapelCC File: POA: Unit: I:I
JSA_whole_StateShapesLCC_Lamberter.csv - 2
| = = P = ‘ = Fitting Parameter Settings S
Region File:
|ﬂu|ri_region include other - OneRegion.txt ‘ ) Threads Count:
Emission Parameter Settings Scenario Plot %= 1 236
All Regions Sampling Number:
0 E AR D Select Cases Clear All 1 e
0 tach Subregion Sampling Number: Selected Cases E

NS ption R L 2 Cancel
/ Cancel e 9
Back
Back
ancel 4. Select the
Back receptor

Cancel
2. Select regional CMAQ region file for
1. Select input files for files and pollutants, and 3. Select the input file for out- visualization
creating Single Region RSM set fitting parameters of-sample validation analysis
All Regions Sampling Number:0 (C:\Users\...\Documents\My RSM-VAT Files\Data\Example\US_RSM — OneRegion) 89

Each Subregion Sampling Number:20



Run RSM Project

» Steps of running RSM project for single region with different sectors

File ~ Experimental Design Visualization & Analysis QA & Validation View ~
4 ) Create/Input RSM Option I, S . .
. P w - a «| Visualization Analysis Option C
it ) Model Data Input Option Model Data Input Option j
-4 ) Validation and QA Option < [ERFETAIE
| . - . . Model Data Input Option Log / Msg Receptor Region File
@ Visualization Analysis Option Base Case CMAQ File: | |u5 Multi_Monitor - OneRegion o | =
s A= t= | Validation and QA Option S E
- = |aconic1 = = Plot Types
Create/Input RSM Option 2) ’ Validation Types ] contour Plot
Target Pollutant |
RSM-VAT Project File (*.rsmproj) Out of Sample [] Cress validation
| Iz @® PM: [PM25_TOT + Unit:
I o Out of Sample Input Option
. 03: it:
O Input RSM File (*.rsm): Uriis Emission File for Out of Sample:
(®) Create RSM File: Precursor Polltant ® |-Fm_out_of_sammE_SEcmr_OneREgiDnEv| )
RSM Method Settings NOx: Unit: |ppbv p
O pf-ERSM ® Low-degree pf-ERSM
Data Input Option NH3: Unit:
Emission File:
|Matrix_nSMUSA_case_UneRegion,csv ‘ o 502: |02 " Wiz
Precursor Factors File: vocs:  |[voc " Unit:
|Factorslnfn_US_OneReglnn.csv ‘ =
ShapelCC File: POA: Unit: l:l
JSA_whole_StateShapesLCC_Lamberter.csv K T .
| — — & = ‘ =4 Fitting Parameter Settings &
Region File:
|J1uln‘7region include other - OneRegion.txt ‘ = s LT
Emission Parameter Settings Scenario Plot 2« 1 236
All Regions Sampling Number:
L) ! pling D Select Cases Clear All 1 216
@ Each subregion Sampling Number: 20 Selected Cases
. ' : 1 387
Advanced Option c | Cancel
ance|
Use the BC Factor Back
c
Sectoral Fitting Input Option Back
Sectoral Emission File:
|tri)(_R5MU5A_EaSE_SELTUI'_Or‘lEREgiUr‘l.ijl I W Cancel 4- Sa me to that of
Sectoral Factors File: 2- Same tO that Of . I I .
||I"IfU_US_SECtUF_PI'E(L.II'SUF_OI"IEREgiUn.GV| I W ® I I . Back reglona ana YS|S
- regional analysis
Sectoral Base Case CMAQ File:
= . .
[aconc1 | [ 3. Select the input file
. . . ‘s . ”
Sector Emission Case For Single Region: [4 1. Keep the input files like “Single Region”, for sectoral out-of-

Cancel ﬁ and check the “Advanced Option” to select sample validation 90

the input files for sectoral fitting



Visualization and Analysis & QA Module
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RSM-VAT: Visualization & Analysis Module

Ll RSM-VAT 2.4 — O X

File ~ Experimental Design | Visualization & Analysis iew -

@ Create/Input RSM Option RSM2.4_US_PM2.5_January createRSM(Toggle between “Concentration” and | ©

@3 Model Data Input Option

alidation an ion " Vi lizati & “ ”
@ Validat d QA Opt ™ aftrnazlzsiosn @ Vaﬁgﬁﬁnn Response

------ 9 Visualization Analysis Option
=y .
R Anal =YD
=/ E‘Emnr na “Is‘ /"—:l ata I

T

Create/Input RSM Option @ 2D Plot I 3D Plot l Contour Plntl
RSM-WAT Project File (*.rsmproj) ~ 26 factore () Concentration (@) Response
|US_PM?_.S_Januarv_createRSM_Tl.rsmproj | | ”
[] region[] Pollutant[_] Sector
() Input RSM File (*.rsm): o PM25
- ME_CRANGI\ATL_MM
® Create RSM File: 075 037 REMZ.4_U5_PMZ.5_lanuary_createRSM_T1 rsm 5n
RSM Method Settings i '
() pf-ERSM ® Low-degree pf-ERSM NE_CR\SOZVAII_MM
Data Input Option [0.75] 40
Emission File:
| Matrix_RSMUSA_casel-132.csv | = ME_CRYMNH3VAII_MM a0
Precursor Factors File:
| Factorsinfo_US_Precursor.csv | (i NE_CR\WOC\AIL_MM 20
ShapelCC File: -D a
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RSM-VAT: Visualization & Analysis Module
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RSM-VAT: Visualization & Analysis Module
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RSM-VAT:. Receptor Analysis -> Source Contribution
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RSM-VAT:. Receptor Analysis -> Emissions Control
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RSM-VAT:. Receptor Analysis -> Emissions Control
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QA & Validation: “Out-of-Sample” Validation
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QA & Validation: “CMAQ Viewer” for QA
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