Main Improvements of SMAT-CE 2.2
-December, 2023
Main Improvements:
1. Fix the bug for “Output Design Value Periods” option under “Output Choices-Advanced” window.
The issue is that the “f_pm25_ann_DV” column in the “Annual_PM25_Point_Period_*.csv” output files is the same as in the “Annual_PM25_Point.csv” output file for the annual test. We fixed it by developing the function to calculate design values for different periods, as shown in Fig. 1. 
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[bookmark: _Ref154761604]Fig. 1 The results in Annual PM25 Point and Annual PM25 Point Period X file for the default case.
Note: 
(1) Spec Frac Point and Spec Frac Point Period x file are the same for the default case. This is because the calculations for species fractions are based on the data among the years specified under “Species Fraction Option”. In the default case, the year in "Species Fraction Option" is set to 2010-2012 while that in the "PM2.5 Calculation Option" is set to 2009-2013. That means the corresponding periods for Spec Frac Point Period x files are 2009-2011, 2010-2012, and 2011-2013, respectively. The periods are different but the species fraction calculations for these three periods are all based on the average data in selected 2010-2012. Therefore, the results for the same FRM sites in Spec Frac Point and Spec Frac Point Period x are identical, as indicated by the red box in the Fig. 2. More details for species fraction calculation can be refereed to Appendix A. Steps for Annual PM2.5 analysis. 
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[bookmark: _Ref154761441]Fig. 2 The results in Spec Frac Point and Spec Frac Point Period x file
(2) Results in Annual PM25 Point and Annual PM25 Point Period X files are different in default case since they are using average PM2.5 values from different periods as baseline design values. The years used in calculating the baseline design values for Annual PM25 Point and Annual PM25 Point Period X are 2009 ~ 2013, 2009 ~ 2011 2010 ~ 2012, and 2011 ~ 2013, respectively. That means that Annual PM25 Point file uses 5-year average values while Annual PM25 Point Period X files employ consecutive 3-year average values as baseline. According to the following equation, the species and PM2.5 values vary in these files although their species fraction are the same, as shown in Fig. 3.   
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[bookmark: _Ref154765616]Fig. 3 The results in Annual PM25 Point and Annual PM25 Point Period X file
（3）Number of FRM sites in Annual PM25 Point and Annual PM25 Point Period X vary. This is because the program will remove those sites without data under the different specified period. as shown in Fig. 4.
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[bookmark: _Ref154765934]Fig. 4 The end of Spec Frac Point and Spec Frac Point Period X

[bookmark: _Hlk143078506][bookmark: _Ref154764293]Appendix A. Steps for Annual PM2.5 analysis

Step 1: Baseline Quarterly Average PM2.5 Calculation. 
This step is to calculate baseline PM2.5 levels using the ("official") quarterly average PM2.5 file.

Where  is the n-year quarterly average PM2.5 mass from official PM2.5 Monitor Data (e.g., official_annual-PM25_allFRM.SmatsInputs.2002thru2020.csv);
 is the quarterly PM2.5 mass for one year.
n is the count of start year and end year. For example, start year=2009, end year=2013 are set, then n=5. It means 5-year averages of consecutive years of data for each quarter will be used as baseline.

Step 2: Baseline Quarterly Average Species Calculation. 
This step uses speciated PM2.5 monitor data from other monitoring networks, such as STN and IMPROVE, to estimate the PM2.5 attributable to the following species: sulfate (SO4), nitrate (NO3), elemental carbon (EC), organic carbon (OC), crustal matter, particle bound water (PBW), ammonium (NH4), and, data permitting (Blank Mass), salt.
1.1 Calculate the quarterly interpolated species concentration at FRM sites.


Where  is the quarterly average interpolated species (SO4, Crustal, EC, OCb, NO3, NO3r, salt, NH4, DON) at FRM sites;
 is the quarterly average measured species from species monitoring data ("Species-forfractions-xxxx.csv");
Note that NH4 and DON are interpolated from STN sites since IMPROVE sites have no data for these two species;
1.2 Calculate the quarterly retained NH4, PWB;




Where , , , DON are the quarterly interpolated species from step 2.1;
 refers to the percentage of ammonium associated with the volatilized nitrate that is also lost. The default assumption is that no ammonium is volatilized (0 percent).





Where is the quarterly interpolated species. If NH4r calculation uses Measured Ammonium, it uses  from step 2.2 instead;
 is the quarterly adjusted interpolated species from step 2.2;
 are the quarterly interpolated species;

1.3 Calculate the Organic Carbon Mass ();









Where  is the quarterly average PM2.5 mass from unofficial Daily PM2.5 Monitor Data (e.g., PM25ForFractions2002to2019.csv);
typically has a value of between 0.3 and 0.5 ug/m3, which appears to result
from contamination of the FRM filter. a default blank mass value of 0.5 ug/m3 is used;
 is a user-adjustable factor to ensure that the OCMMB does not get too small. Set to 1.0 times the interpolated value of blank-adjusted organic carbon (OCb) by default.
 is a user-adjustable factor to ensure that the value of the floor by itself could not exceed the FRM total PM2.5 value. Set to 0.8 or 80% of PM2.5 mass () by default.
 is the calculated factor to ensure that the sum of the species just equals the FRM PM2.5 value;
 are the quarterly interpolated species;
are the quarterly adjusted interpolated species from step 2.2;

1.4 Calculate the final adjusted interpolated species concentration



Where  is the final quarterly adjusted interpolated species (); Note that  are the adjusted interpolated species from step 2.2; 

1.5 Calculate the species fraction


Where  is the baseline quarterly species fraction (, , ); Note that  are the adjusted interpolated species from step 2.2; Note that users are allowed to set a reusable file with species fractions for each FRM monitor under the Species Fraction option. Then the step 2.1-2.5 will be skipped.

1.6 Calculate the baseline quarterly species concentration at FRM sites


Where  is the n-year quarterly average PM2.5 mass from official PM2.5 Monitor Data (e.g., official_annual-PM25_allFRM.SmatsInputs.2002thru2020.csv);
 is the baseline quarterly species fraction (, );
Note that  uses the value from Step 2.2.

Step 3: Forecasted Quarterly Average Species Calculation
3.1 Calculate the ratio of the modeled forecasted species to the modeled baseline species (called RRFs) for each quarter for each of six species: SO4, NO3, OCM, EC,
crustal material, and (optionally) NH4.

Where
= Modeled forecasted species “i” average in quarter “Q”;
= Modeled baseline species “i” average in quarter “Q”;
=relative response factor for a species “i” average in quarter “Q”;

3.2 Multiply the baseline weighted quarterly average for each monitor species with the ratio of the modeling data (RRFs) to get forecasted weighted quarterly average species.

 
Where
= Estimated forecasted species “i” average in quarter “Q”;
= Monitored baseline species “i” average in quarter “Q”;
= Modeled forecasted species “i” average in quarter “Q”;
= Modeled baseline species “i” average in quarter “Q”;

Step 4: Forecasted Design Value Calculation
4.1 Get the estimated forecasted quarterly average PM2.5 level by adding all forecasted weighted quarterly averages for the species together.

Where 
 quarterly average PM2.5 design value;
= Estimated forecasted species “i” average in quarter “Q”;

4.2 Average the four quarterly averages these forecasted quarterly average PM2.5
levels to calculate forecasted design values

Where 
 annual average PM2.5 design value;
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2 e STHTE XA CORT Ynonisar_lnsmlr_{aonlsae_dh on25 sl mi o bhark sb crsall _aandh Hit st Gonb adhs 904 b RO antl anser b tals ad Blank o1 coursal K aant? BB4nal{ Ok ne(_ 804 sad{ K08 aad
> GoosootoFRX Rlabana Baldvin 3046748 67,8865 215081 7.83 0.2 0.707568 0. 481354 0.551786 4, 495105 2, 146718 0.030491 0. 513175 0,056013 0.2 0784889 G, 357608 0. 364673 4395961 1.386565 0.029012
4 oo Esw  lan 28493 -8 anan oesnne A 0 spe3> 0 osnss 0 sa47e 4 1081 113 0 0soen> 0 BANIS 0 (24334 aasw2 0 s o aense 4 1 22008 0 psime
s z6 3 09 0 207 0 320035 0, 561047 4.8 o148 0.2 0,58 210088 0,372 03527 1307941 0,00

T iowoosrh dbana Dokalb  54. 28857 650698 580088 979 6.12 0.2 0. 564550 0. 19200 0. 642984 4. 089641 2. 249975 0. 100373 0.552407 0.016Z13 0.2 0. 562572 0. 619692 0. 580684 4. 0051 1. 300058 0. 090655
7 10550010 FRN  Alabana Etovah 33,9914 -85.9926 286085  10.07  8.39 0.2 0,613584 0,831135 0643627 4844248 2,276822 0.089095 0, 559581 0020859 0.2 0, 626025 O, 669111 O, 3BBSTI 4, 754212 1,318361 0, 085338,
8 10690003FRN  Alabana Houston 3122478 -85.3908 294060 .09  7.83 0.2 0.530471 0.57539 0.461951 4750737 2.004758 0.019743 0. 512258 0038859 0.2 0. 559784 O, 487558 0.293402 4, 684432 1241047 0.01759
9 10730023FRN  Alabana Joffersor 33.55306 -86.815 280080 1185  10.24 0.2 0,826327 0.715264 0.726297 6067783 2436713 0.07872 0665213 0.043093 0.2 0. 934431 0,538041 0.477229 5.98116 1.555944 0.07848
10 1073100SFRN  Alabana Joffersor 33.33111 -87.0036 279078  10.51  8.99 0.2 1.191333 0.601605 0. 641883 4.729025 2.362212 0.078361 0559726 0037706 0.2 1222187 0.533628 0. 417666 4. 642309 1. 497547 0080381
T 10731010 FRX bana Joffersor 33.54528 -80.5402 282081 1101  9.26 0.2 1.049001 0.725796 0.700758 5.137399 2. 462943 0.082494 0.617566 0.040208 0.2 1.061107 0.55836 0.434575 5.040849 1.471304 0.084325
12 10732003FRN  Alabana Teffersor 33.49972 -86.9242 279080 1113 .69 0.2 1.323621 0.678372 0. 596855 5.358174 2. 31874 0.079318 0543869 0.035850 0.2 1343378 0.518473 0.397355 5.274766 1.493953 0. 08006
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1
2 _id " STATE W COUNTY aonitor lnonitor lquarter pa2s mstfer __ foc __frhd __ focn _ fsod _ fnos _fuater fsalt blamkmacdon _ ises _inodr ioch iec _icrustalidon inhs inos

5[ T00300TG Alabans Ealdvin 3045748 -a7. 560 T'6. 72703 0. 035748 0. 0BAEAT 0. O7ALT G, 459654 0. 754227 0.0TT67 007513 0. 0UBGGT 0.2 O, ZGA101 2167718 0. 0951 1. 780573 0. 545928 0. 390083 G, 29810L 0. 793861 0. 737416
4| 10030010 Alabana Baldvin 30, 49748 -87. 5805 2 1075096 0, 077154 0.038812 0. 062429 0.50594 0, 25969 0 0.048858 0.006957 0.2 0,240212 2, 742089 0 1.755513 0. 409501 0, G13838 0, 240212 0, T0S164 0, 325714
5| 10020010 Alabana Baldvin 30, 748 -g7. 8803 3 1086774 0. 125244 0,030532 0. 047068 0. 506575 0. 226410 0 0.053527 0.002537 0.2 0.200005 2, 436062 © 1651621 0389716 1. 536072 0. 206065 0. SSGETT 0, 262654
10030010 labana_Balo; 40748 57,88 48,2601 o 050432 0,532660 0,211824 0, 002628 0.052232 0.007443 0.2 0.27702 1, 836333 0,024514 2. 0811 80510, 399526 0, 0582541 0, 43996
2[I027I00T ATabans ey s T 350060001 0. 05432 0. 054170 0. 92207 0. 756075 1. DT355 0. 51680 1. O0AI 5. R R BRI BT O TE0A |
ST T TT T TrIT T ™ TST e TR T T T

9 10270001 Alabana Clay  33.28493 -85.8030 S 1134176 0085144 0.06166 0.052961 0. 502187 0. 245595 00051212 0,001242 0.2 0, 215647 2. 756359 ©1,907183 0. 667001 0, 945057 0, 215647 0, 852167 0, 261434
10 10270001 Alabana Clay 33,2843 -85. 5038 4 5.446505 0057401 0.129628 0. 089841 . 422578 0. 233478 000425 0063308 0.003533 0.2 0. 267427 1525472 0. 077735 2. 735044 L. 089029 0.5I8ES2 0. 28742 0630329 0. 638431
1110351002 Alsbana Colbert 34, 76262 57, 6351 I 5.166715 0, 041671 0.041107 0, 0BSLES 0. 463046 0, 251364 0.025216 0,0BS988 0.00142 0.2 0,522262 225391 0, 255005 1, 309020 0. 368596 0, STG652 0. 522262 0, BATSA 087958
12 10331002 Alabans Colbert 34, 76262 57, 6361 2 1059968 0, 072757 0,033946 0, 054834 0. 562362 0. 231919 0 0.083262 0.000915 0.2 0.230430 2, 411869 01723957 0.35303 0.756654 0. 236435 0. 61616 0. 264015
1510351002 Alabana Colbart 34, 76262 57, 6351 3 11, 40376 0, 082491 0,028492 0, 01047 0. 545879 0, 239972 0 0.051838 0.000582 0.2 0,212715 2, 658862 0 158771 0319213 0, 524212 0. 212119 0, 624548 0, 203465
T4 10331002 Alabans Colbert 34, 76262 57, 6361 4 6.325092 0. 046509 0. 04498 0. 065749 0552242 0. 216049 0017614 0054807 0001251 0.2 0279637 1.760426 0. 144748 1. 422035 0. 365451 0. 77914 0, 279637 0. 613995 0. 76005

annual_pm_2009-2013 Quarterly Avg Spec Frac Point Period 1.csv

1
2_id " STATE W COUNTY Eacniter aenitor lowarier pa2s masst: 7 fthi _focn  fsos fns fester fsalt blark macdon ot ach i crustali don i ohs i no

o[ LozTooot alabans Clay 3. 26453 -85. 803 T 5, 575343 0, OGU00L 0. 105437 0. 084170 0, 357307 0, J55035 0. 016398 0. 091663 0. 00ATTE 0.7 0, 309085 2, 21773 G, 142755 7, 89607 0, 913740 520533 0. 30995 . 003575 0, 100053
4TOZT000T ATabana Clay 53, 25905 35 5030 ZIT. 3109 0. 005253 0. 075255008323 0. 4351690, 2508 07 050087 0. 002154 0.2 0. 252005 2. 76T 0297198053619 0. 725028 0. 252085 0. THSIT 0, 5067

5 10270001 Alabana Clay  33.28493 -85.8030 311134176 0.085144 0.06168 0.052961 0. 502187 0.245593 00051212 0.001242 0.2 0.21564T 2. 73633 0 1907163 0. BST00L 0, 943657 0, 215647 0. 652167 0, 26143

5 10270001 Alabana Clay  33.28493 -85, 6030 4 5.40905 0067401 0.129625 0. 089841 0. 422978 0. 233478 0009420 0. 003308 0.003939 0.2 0, 267427 1, 925472 0. 077730 2.735044 1. 089029 0, 5S5ES2 0, 267427 0, 630320 0, 638431

7 10351002 Alabana Colbert 34, 76262 -6, 6361 I 5.166715 0, 041671 0.041107 0, 08G188 0, 463046 0, 251364 0.028216 0, 083988 0.00142 0.2 0,322262 225391 0, 253005 1, 303026 0, 368596 0, 73652 0, 322262 0, S8STSH 087958

8 10351002 Alabana Colbert 34,7262 -8, 6351 2 1059968 0. 07275 0,033946 0. 054834 0. 562362 0. 231919 0 0.043262 0.000915 0.2 0,23043 2. 411589 01723957 0.35303 0.756054 0. 236430 0. 01618 0, 264019

5 10351002 Alabana Colbert 34, 76262 -6, 6361 3 11, 40376 0, 082491 0,028492 0, 0S1047 0. 545579 0, 239972 0 0.051838 0000582 0.2 0,212715 2, 658562 0 158771 0.319213 0524212 0. 212719 0. 624548 0. 203465

10 10331002 Alabans Colbert 34, 76262 57, 6361 4 6.325092 0. 046509 0. 04498 0. 065749 0552242 0. 210649 0017614 0.054807 0001251 0.2 0, 279637 1.760426 0. 144748 1. 422035 0. 365451 0. 577914 0, 279037 0. 613995 076005

1 10491005 Alabana Defalb  34.28857 -85, 9699 1 1006751 0. 044516 0.085494 0, 086102 0.4268 0, 23863 0.033926 0, 080531 0,002003 0.2 0, 327968 2, 354683 0, S34T6L 2183506 0843607 0, 43920 0, 327968 0, 530401 0, 9B68EE

12 10191003 Alsbane Defalb 34, 26957 -85, 966 2 11.28516 0. 065547 0078251 0. 064534 0. 433579 0. 242007 0 0.040 0.00135 0.2 0.200564 2, 653678 0 21500840 0867421 0.726597 0, 208564 0. 54077 0, 370452

12 10491003 Alabana Defalb 34, 26857 -85, 569 3 11,63768 0, 071495 0.064208 0, 086257 0505675 0, 25245 00047122 0.000815 0.2 0,230686 2 963171 0 2,075388 0. 753651 0, 639165 0, 230685 0, 74633 0, 255005

16 10191003 Alsbane Defalb 34, 26957 -85, 9699 4 5.309151 0. 050411 0, 101298 0, 056514 0527509 0. 198879 0010830 0. 49759 0,002753 0.2 0, 278419 1. 11622 0098703 2. SEORAT 0, 922742 0. 459201 0, 278419 0, 595302 0, 733703

annual_pm_2009-2013 Quarterly Avg Spec Frac Point Period 2.csv

) Eane]
u 9 ; s
5[ 0030010 Alabana Baldvin 50.45748 . 6803 15726705 0, 045745 0, 088534 0,0791 0. 450654 0. 254227 0,01167 0,07513 0, 008567 296101 2167715 0, 09951 1. 780575 G, 556528 0. 390082 0, 298101 G, 783801 G, 737416
4| 10030010 Alabana Baldvin 30, 49748 -57. 5505 211075096 0, 077134 0.038512 0.062429 0.50594 0,25969 0 0.048858 0. 006957 200212 2.742089 0 1.755513 0. 409501 0, E1SBSS 0, 240212 0, TOS164 0, 323714
5| 10050010 A1abans Balavin 50, 49748 87, 5305 5 10,8674 0, 125244 0,035532 0.047088 0. 506575 0. 226416 0 0. 053527 0, 002657 208065 2, 436882 0 1/651621 0. 385716 1. 536072 0, 206065 0, 83681 0, 262694
o 5 ms3.50 3 o s

([T0z7000T ATabans Clay 5578459 55, 603 T 5. 575545 0. 060001 0. 1054420, 064126 0. 352202 0. 750045 0, 016390 0. 081663 0. 004116 0. 2 0. 9985 2. 221275 0. 132255 2. 99802 91474 0. 520553 0. 505585 0, 503376 0. 76005+ |
S TOTTOUT AT Ty e T3 TSI, D535 0T e L — 55 7 TETIE TR0 T T T
9 10270001 Alabana Clay 5528453 -85, 8036 5 11.34175 0085144 0.08166 0.052961 0. 502187 0. 245593 00.051212 0,001282 0.2 0, 215647 2736353 01907163 0. 687001 0, 948657 0. 215647 0, 852167 0, 261434
10 10270001 Alabana Clay 33, 26493 -85, 8036 3 .346905 0. 067401 0.129628 0060841 0422978 0. 233478 0. 000420 0063308 0003659 0.2 0. 267427 1, 925472 0. 077736 2. 735044 1. 069029 0. 555852 0, 297427 0, 630329 0, 638431
110351002 Alabana Colbert 34, 76262 87, 6361 1 S.166715 0, 081671 0, 041107 0089185 0. 463046 0, 51364 0,028216 0,085988 0.00142 0.2 0,372262 2,25591 0, 253003 1, 309026 0. 368596 0. STS6S2 0, 522262 0, 8BSTS4 0.679%8
12 10331002 Alsbana Colbert 3476262 ~67. o361 2 10,5990 0. 072757 0,033046 0034834 0. 562362 0. 231919 00.043262 0.000919 0.2 0, 23643 2, 411689 0 1723957 0.35303 0. 756654 0. 236430 0.61016 0. 284015
T 10351002 Alubana Colbert 34, 76262 -87. 6361 5 11,4057 0. 082491 0,028452 0. 051047 0, 545575 0, 239972 00,0518 0000582 0.2 0, 212715 2, 088552 0 15871 0515213 0, 524212 0. 212119 0 624548 0, 200465
T4 10331002 Alsbana Colbert 3476262 ~67. 6361 5.325092 0046500 0. 04498 0065749 0. 552242 0. 216649 0. 017614 0054807 0001251 0.2 0. 279637 1 760424 0. 144748 1. $22035 0. 36491 0. 37798 0. 219637 0, 613995 0. 76005

annual_pm_2009-2013 Quarterly Avg Spec Frac Point Period 3.csv

2 _id " STATE W COUNTY aonitor lnonitor lowarter pa2s masts: i fthi __focn fsed  fnos feater fsalt blank macden s i T icrustalidn iohd in
10030610 Alabans Ealdvin 3045748 -87. 5603 T8, 726703 0. 045748 0. 0BE31 0. O7OLT 0, 490654 0. 254227 0.01167 007513 0, 00BGG7 0.2 0, 268101 2167718 0. 09551 1. 80573 0. 545328 0. 390082 0, 298101 0. 93861 0, 757416
10050010 Alabans Baldvin 50, 49748 ~87. 8803 211075096 0, 077154 0,068812 0. 062429 0.50594 0, 25969 0 0.048858 0.006957 0.2 0,240212 2, 742089 0 1.755513 0. 409501 0, G13838 0, 240212 0, T0S164 0, 325714

Balavin 304748 57,503 5 10.80773 0125244 0. 03052 004708 050073 0.728430 0 0.053527 0.002537 0.2 0.200005 2, 436062 o 1081621 0.399M0 153007 0206005 .8 0. 282854
T e L e

ST AT T 7o T3 oo ™ - TST 55 7. TETIE o TR T
9 10270001 Alabana Clay  33.28493 -85.8030 S 1134176 0085144 0.06106 0.052961 0. 502187 0.245595 00051212 0,001242 0.2 0, 215647 2. 756359 ©/1,907183 0. 667001 0, 945057 0, 215647 0, 852167 0, 261434
10 10270001 Alabana Clay 33,2843 -85. 5038 4 5.446505 0057401 0.129628 0. 089841 . 422578 0. 233478 000425 0063308 0.003539 0.2 0. 267427 1525472 0. 077735 2. 735044 L. 089029 0.5I8ES2 0. 28742 0630329 0. 638431
1110351002 Alsbana Colbert 34, 76262 57, 6351 1 5.166715 0, 041671 0.041107 0, 0BSLES 0. 463046 0, 251364 0025216 0,0BS988 0.00142 0.2 0,522262 225391 0, 255005 1, 309020 0. 368596 0, STG6S2 0. 522262 0, BATSA 067958
12 10331002 Alabans Colbert 34, 76262 57, 6361 2 1059968 0. 072757 0,033946 0, 054834 0. 562362 0. 231919 0 0.083262 0.000915 0.2 0.230430 2, 411869 01725957 0.35303 0.756654 0. 236435 0. 61616 0. 264015
1510351002 Alabana Colbart 34, 76262 67, 6351 3 11, 40376 0, 082491 0,028492 0, 0S104T 0. 545879 0, 239972 0 0.051838 0000582 0.2 0,212715 2, 658552 0 158771 0319215 0, 524212 0. 212119 0, 624548 0, 203465
14 10331002 Alabana Colbert 3476262 -87. 6381 4 8.325692 0046503 0. 04498 0. 065749 0. 552242 0. 216649 0. 017814 0. 054807 0.001251 0.2 0. 279637 1760424 O.144748 1. 422035 0. 365431 0. 377914 0. 279637 0. 613995 . 76005





