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TVRegCM 



Methodology:  
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- with grid spacing 10km, and covers the South-East Europe; 

- The model is set-up with 27 vertical levels (table 1); 

- All the simulations are for 10 years period (from 01.12.1999 to 31.12.2009) 

and it is long enough for climate and statistical study; 

- Land surface scheme – BATS 

We will perform 40 different scenarios (table 2) which will be different 

combinations of: 

- meteorological backgrounds; 

- boundary conditions; 

- PBL schemes; 

- Moisture schemes; 

- Cumulus schemes. 

          The produced results from these scenarios will be verified with the 

reanalysis and observation data sets.  

          The obtained results will be base for consequential simulation of the near 

and far future climate. 

The simulation domain that was chosen is: 

The results, concerning the average seasonal temperature and the seasonal precipitation sum from the runs of all 
successive model configurations, are projected onto the regular 0.125°x125° E-OBS grid and are evaluated with the 
newest E-OBS data-sets. 



Vertical levels: 
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We made some simulations with different dsmin and dsmax (minimum and maximum sigma spacing) to choose the 
best model configuration.   Table 1 

# 4.50E-02 5.00E-03 4.00E-02 1.00E-02 5.00E-02 1.00E-02 5.00E-02 3.00E-02 4.00E-02 3.00E-02 5.00E-02 2.00E-02 4.00E-02 2.00E-02

k sigma p(mb) z(m) sigma p(mb) z(m) sigma p(mb) z(m) sigma p(mb) z(m) sigma p(mb) z(m) sigma p(mb) z(m) sigma p(mb) z(m)

28 / 01 1 1013.25 0 1 1013.25 0 1 1013.25 0 1 1013.25 0 1 1013.25 0 1 1013.25 0 1 1013.25 0

27 / 02 0.995 1008.43 40.28 0.99 1003.61 80.95 0.99 1003.61 80.95 0.97 984.35 247.61 0.97 984.35 247.62 0.98 993.98 163.48 0.98 993.99 163.47

26 / 03 0.989 1002.28 92.05 0.978 992.16 178.28 0.978 992.39 176.27 0.94 955.27 504.42 0.939 954.7 509.53 0.959 973.46 341.27 0.958 973.07 344.88

25 / 04 0.981 994.52 157.84 0.964 978.69 294.43 0.965 979.43 287.89 0.909 925.96 771.36 0.908 924.32 786.73 0.936 951.66 534.56 0.935 950.43 545.72

24 / 05 0.971 984.86 240.55 0.948 962.97 432.07 0.949 964.56 417.96 0.879 896.41 1049.48 0.875 893.23 1080.32 0.912 928.53 744.64 0.909 926.07 767.64

23 / 06 0.958 972.99 343.44 0.929 944.82 594.1 0.932 947.61 568.8 0.848 866.56 1339.97 0.842 861.45 1391.54 0.887 904.06 972.92 0.882 899.96 1012.39

22 / 07 0.943 958.59 470.17 0.907 924.06 783.61 0.912 928.44 742.94 0.816 836.4 1644.16 0.809 828.99 1721.78 0.86 878.23 1221.01 0.853 872.09 1281.87

21 / 08 0.925 941.34 624.76 0.883 900.53 1003.96 0.89 906.92 943.13 0.785 805.88 1963.6 0.774 795.89 2072.61 0.832 851.02 1490.68 0.823 842.5 1578.16

20 / 09 0.904 920.93 811.66 0.856 874.13 1258.72 0.865 882.92 1172.39 0.753 774.96 2300.07 0.739 762.16 2445.86 0.802 822.43 1783.96 0.79 811.2 1903.56

19 / 10 0.879 897.1 1035.69 0.825 844.78 1551.78 0.837 856.35 1434.04 0.72 743.62 2655.61 0.704 727.84 2843.57 0.771 792.44 2103.15 0.756 778.26 2260.6

18 / 11 0.851 869.63 1302.1 0.792 812.46 1887.29 0.807 827.16 1731.72 0.687 711.8 3032.61 0.667 692.96 3268.17 0.738 761.06 2450.89 0.72 743.73 2652.14

17 / 12 0.818 838.37 1616.62 0.755 777.21 2269.8 0.774 795.31 2069.51 0.653 679.47 3433.91 0.631 657.54 3722.44 0.704 728.3 2830.26 0.683 707.71 3081.42

16 / 13 0.782 803.25 1985.47 0.715 739.14 2704.29 0.738 760.81 2452.01 0.619 646.59 3862.85 0.593 621.63 4209.72 0.669 694.18 3244.85 0.644 670.3 3552.16

15 / 14 0.742 764.28 2415.49 0.673 698.4 3196.31 0.699 723.71 2884.44 0.585 613.11 4323.47 0.556 585.25 4733.96 0.632 658.72 3698.96 0.604 631.62 4068.69

14 / 15 0.697 721.61 2914.29 0.628 655.22 3752.12 0.658 684.09 3372.89 0.549 578.98 4820.65 0.517 548.45 5299.92 0.594 621.94 4197.73 0.562 591.81 4636.13

13 / 16 0.649 675.47 3490.46 0.581 609.9 4378.94 0.615 642.1 3924.52 0.513 544.16 5360.43 0.479 511.26 5913.45 0.554 583.89 4747.44 0.52 551.01 5260.66

12 / 17 0.598 626.21 4153.86 0.532 562.77 5085.26 0.569 597.9 4547.97 0.476 508.59 5950.35 0.44 473.73 6581.8 0.513 544.6 5355.92 0.477 509.39 5949.8

11 / 18 0.544 574.31 4916.19 0.482 514.24 5881.34 0.521 551.73 5253.9 0.438 472.22 6600.02 0.401 435.88 7314.14 0.471 504.13 6033.04 0.433 467.13 6712.99

10 / 19 0.488 520.3 5791.69 0.431 464.73 6779.93 0.471 503.83 6055.82 0.4 434.98 7321.96 0.361 397.77 8122.28 0.428 462.53 6791.57 0.389 424.39 7562.27

09 / 20 0.431 464.83 6798.32 0.379 414.7 7797.38 0.42 454.49 6971.36 0.36 396.83 8132.83 0.321 359.44 9021.87 0.384 419.87 7648.51 0.344 381.38 8513.45

08 / 21 0.372 408.57 7959.73 0.327 364.64 8955.44 0.368 404.05 8024.34 0.319 357.7 9055.6 0.281 320.92 10034.2 0.339 376.22 8627.09 0.299 338.29 9587.91

07 / 22 0.314 352.24 9308.48 0.275 315.01 10284.3 0.314 352.84 9248.4 0.278 317.52 10123.06 0.241 282.27 11189.1 0.292 331.66 9760.43 0.255 295.31 10815.7

06 / 23 0.256 296.57 10891.9 0.225 266.28 11827.7 0.261 301.24 10693.4 0.235 276.21 11384.44 0.201 243.52 12531 0.245 286.26 11098.1 0.21 252.62 12240.8

05 / 24 0.2 242.24 12783.8 0.175 218.89 13653.7 0.207 249.6 12438.4 0.191 233.7 12918.49 0.161 204.73 14129.1 0.197 240.12 12718.9 0.167 210.42 13932.2

04 / 25 0.145 189.89 15108.9 0.128 173.25 15876.2 0.154 198.3 14620.4 0.145 189.92 14863.03 0.12 165.94 16100.9 0.149 193.32 14760.6 0.123 168.9 16006.1

03 / 26 0.094 140.1 18106.4 0.083 129.69 18708.8 0.101 147.7 17509.6 0.098 144.77 17493.59 0.08 127.19 18670.5 0.1 145.97 17496.7 0.081 128.21 18682.6

02 / 27 0.045 93.35 22331.1 0.04 88.53 22630.4 0.05 98.16 21766.5 0.05 98.16 21498.35 0.04 88.53 22354 0.05 98.16 21604.7 0.04 88.53 22463.3

01 / 28 0 50 29643.2 0 50 29130.1 0 50 29891.2 0 50 29623 0 50 28853.8 0 50 29729.4 0 50 28963



Variations of model configurations 
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Number Code ICBC PBL M-scheme CC

1 r11121 EIN15 Holtslag PBL SUBEX Grell 1

2 r11122 EIN15 Holtslag PBL SUBEX Grell 2

3 r11133 EIN15 Holtslag PBL SUBEX Emanuel

4 r11144 EIN15 Holtslag PBL SUBEX Tiedtke

5 r11155 EIN15 Holtslag PBL SUBEX Kain-Fritsch

6 r11221 EIN15 Holtslag PBL Nogherotto/Tompkins Grell 1

7 r11222 EIN15 Holtslag PBL Nogherotto/Tompkins Grell 2

8 r11233 EIN15 Holtslag PBL Nogherotto/Tompkins Emanuel

9 r11244 EIN15 Holtslag PBL Nogherotto/Tompkins Tiedtke

10 r11255 EIN15 Holtslag PBL Nogherotto/Tompkins Kain-Fritsch

11 r12121 EIN15 UW PBL SUBEX Grell 1

12 r12122 EIN15 UW PBL SUBEX Grell 2

13 r12133 EIN15 UW PBL SUBEX Emanuel

14 r12144 EIN15 UW PBL SUBEX Tiedtke

15 r12155 EIN15 UW PBL SUBEX Kain-Fritsch

16 r12221 EIN15 UW PBL Nogherotto/Tompkins Grell 1

17 r12222 EIN15 UW PBL Nogherotto/Tompkins Grell 2

18 r12233 EIN15 UW PBL Nogherotto/Tompkins Emanuel

19 r12244 EIN15 UW PBL Nogherotto/Tompkins Tiedtke

20 r12255 EIN15 UW PBL Nogherotto/Tompkins Kain-Fritsch

21 r21121 NNRP2 Holtslag PBL SUBEX Grell 1

22 r21122 NNRP2 Holtslag PBL SUBEX Grell 2

23 r21133 NNRP2 Holtslag PBL SUBEX Emanuel

24 r21144 NNRP2 Holtslag PBL SUBEX Tiedtke

25 r21155 NNRP2 Holtslag PBL SUBEX Kain-Fritsch

26 r21221 NNRP2 Holtslag PBL Nogherotto/Tompkins Grell 1

27 r21222 NNRP2 Holtslag PBL Nogherotto/Tompkins Grell 2

28 r21233 NNRP2 Holtslag PBL Nogherotto/Tompkins Emanuel

29 r21244 NNRP2 Holtslag PBL Nogherotto/Tompkins Tiedtke

30 r21255 NNRP2 Holtslag PBL Nogherotto/Tompkins Kain-Fritsch

31 r22121 NNRP2 UW PBL SUBEX Grell 1

32 r22122 NNRP2 UW PBL SUBEX Grell 2

33 r22133 NNRP2 UW PBL SUBEX Emanuel

34 r22144 NNRP2 UW PBL SUBEX Tiedtke

35 r22155 NNRP2 UW PBL SUBEX Kain-Fritsch

36 r22221 NNRP2 UW PBL Nogherotto/Tompkins Grell 1

37 r22222 NNRP2 UW PBL Nogherotto/Tompkins Grell 2

38 r22233 NNRP2 UW PBL Nogherotto/Tompkins Emanuel

39 r22244 NNRP2 UW PBL Nogherotto/Tompkins Tiedtke

40 r22255 NNRP2 UW PBL Nogherotto/Tompkins Kain-Fritsch
Table 2 
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          Ocean  

Land   
Kuo (0) 

Grell 

(1) 
Grell (2) Emanuel (3) 

Tiedtke 

(4) 
Kain-Fritsch (5) 

Kuo (0) summer √   /  winter - - - - - - 

Grell (1) - √ - √ √ √ 

Grell (2) - - √ √ √ √ 

Emanuel (3) - √ √ √ √ √ 

Tiedtke (4) - √ √ √ √ √ 

Kain-Fritsch (5) - √ √ √ √ √ 

 We test the different horizontal resolution with different time steps, but the model implementation 
with the Kuo scheme get failed every time during the winter period for the selected domain. 

Table 4 

 We made some tests not only for chosen variation of the different combination of the selected 
schemes, but also to any other type of cumulus schemes (table 3). 

 It became clear that the Kuo scheme work in summer but doesn't work during the winter period 
for this resolution even if we reduce the time steps (table 4). 

Table 3 

Kuo-Kuo Winter 

dx                     dt 10s 20s 25s 30s 

9km - - - - 

10km - - - - 

12km - - - - 

Kuo-Kuo Summer 

dx                     dt 25s 

9km √ 



Results: 
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The BIAS of the Mean 2-meter temperature for the winter months (DJF) 



VI-SEEM Workshop, 03 November 2016, Sofia, Bulgaria     8 

The BIAS of the Mean 2-meter temperature for the summer months (JJA) 
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The relative BIAS of the Precipitation amount for the winter months (DJF) 
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The relative BIAS of the Precipitation amount for the summer months (JJA) 



TVRegCM – Conclusions: 
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At this stage it could be conclude that the: 

 All of the model configurations mostly overestimate the temperature during the summer 
except with Tiedtke cumulus scheme (for both M-schemes).   

 The biases for the precipitation are more than 50 % over the whole domain during the 
winter for all of the scenarios. 

 The same conclusion could be made for the simulations with cumulus schemes of 
Emanuel, Tiedtke (for both M-schemes) and Kain-Fritsch with Nongherotto-Tompkins M-schemes 
during the summer. 

 To complete selected scenarios  

 To prepare more detailed and complex statistical assessment of the simulation results 
from different model configurations. 

 To provide high quality robust assessments of the Regional Climate and to conclude 
which of the scenarios are more reliable for the study of the Regional Climate in South-East 
Europe. 
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ACIQLife 



Methodology 
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Modeling tools – US EPA Models-3 System:  

 WRF (Shamarock et al. 2007) used as meteorological pre-processor;  

  Meteorological data: NCEP Global Analysis Data with 1º×1º resolution in Grib2 
format at every 6 hours.  

 SMOKE - the Sparse Matrix Operator Kernel Emissions Modelling System (CEP, 2003) – the 
emission pre-processor.  

  Emission data: The national emission inventory - for Bulgaria, outside the country - 
TNO with 0.25ºx0.125º in 10 SNAP categories. The biogenic emissions of VOC are estimated by the 
model SMOKE.  

 CMAQ - the Community Multiscale Air Quality System (Byun et al., 1998, Byun and Ching, 
1999) - the Chemical Transport Model (CTM)  

 5 nested domains for WRF  

D1 (Europe) – 81 x 81 km  

D2 (Balkan peninsula) – 27 x 27 km 
D3 (Bulgaria) – 9 x 9 km  

D4 (Sofia municipality) – 3 x 3 km  

D5 (Sofia city) – 1 x 1 km  

4 nested domains for CMAQ  

D2 (Balkan peninsula) – 27 x 27 km  

D3 (Bulgaria) – 9 x 9 km  

D4 (Sofia municipality) – 3 x 3 km  

D5 (Sofia city) – 1 x 1 km  



Downscaling effect 
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 WRF and CMAQ nesting capabilities are applied for downscaling the simulations to a 1 km 
step for the innermost domain (Sofia).  

 

 

 

 

 

 

 

 

 

 

 

 The simulations were performed day by day for a period of 7 years – from 2008 to 2014 and 
then by averaging the typical fields of the compound surface concentrations were calculated for the 4 
seasons and annually.  



Air Quality Index   
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The AQI is an index for reporting air quality - how clean or polluted the air is, and what are the associated 
health effects  for people. The AQI summaries the air quality state consisting of a complex mixture of a wide 

range of pollutants into one figure (expressed as a colored pictogram or as number). 

Compute the AQI  

requires air pollutant concentrations (monitoring or model)  

defined in several segments, each of which is a linear function of the concentration of each the 
pollutant considered. 

convert air pollutant concentration to index, which is defined for each pollutant in a different way 

I - the (Air Quality) index, 

C - the pollutant concentration 

Clow - the concentration breakpoint that is ≤ C, 

Chigh - the concentration breakpoint that is ≥ C, 

Ilow - the index breakpoint corresponding to Clow  

Ihigh - the index breakpoint corresponding to Chigh.  



Air Quality Index 
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Converting the concentrations into a dimensionless scale  associated with an intuitive color code 
(green to purple) and a linguistic description (Low to Very High) and health preposition.   

The reference levels used in the conversion are based on health-protection related limit, 
target  values set by the EU or by the WHO.  



Air Quality Index in Bulgaria 
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 10  categories from green to purple 

 4 bands: low, moderate, high and very high  

  based on the concentrations of  5 pollutants: O3, 

NO2, SO2, PM2.5  and PM10 

 The breakpoints between index values are defined 

for each pollutant separately and the overall index is 

defined as the maximum value of the index.  

 Different averaging periods are used for different 

pollutants. 

 

Boundaries Between Index Points for Each Pollutant  

The AQI, calculated  for Bulgaria follows the UK Air 
Quality Index.  



Spring plots of the percent recurrence of the AQI in the “Low”, 
“Moderate” ,“High” and “Very High” bands over Sofia 
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Summer plots of the percent recurrence of the AQI in the “Low”, 
“Moderate” ,“High” and “Very High” bands over Sofia 
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Autum nplots of the percent recurrence of the AQI in the “Low”, 
“Moderate” ,“High” and “Very High” bands over Sofia 
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Winter plots of the percent recurrence of the AQI in the “Low”, 
“Moderate” ,“High” and “Very High” ands over Sofia 
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Annual plots of the percent recurrence of the AQI in the “Low”, 
“Moderate” ,“High” and “Very High” bands over Sofia 
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AQI spatial - temporal behavior 
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 Diurnal and seasonal variations [%] of the different AQI for Sofia 



AQI spatial - temporal behavior 
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 Diurnal and seasonal variations [%] of the different AQI for central point 



AQI spatial - temporal behavior 
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 Diurnal and seasonal variations [%] of the different AQI for Ruski pametnik 



AQI spatial - temporal behavior 
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 Diurnal and seasonal variations [%] of the different AQI for mountain point 



ACIQLife – Conclusions: 
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 The air quality status of Sofia is rather good  (evaluated with a spatial resolution of 
1km) 

 

 AQI status falls mostly  in "Low" and "Moderate" bands 

 

 The recurrence of cases with Very High pollution is almost 20% mostly at the city 
centre. 

 

 The pollution at the city probably due to the surface sources (road transport) 

 



ACIQLife and TVRegCM resurses: 
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16CPU 1 Month simulation x120 Months x40 Case 

Time 6h 720h 28800h 

HDD 6GB 720 GB 29TB 

1 Day simulation at 16CPU 

WRF CMAQ+SMOKE Total 

Time 3h 2h 5h 

HDD 530MB 970MB 1.5GB 

ACIQLife  

TVRegCM  

Every one job for TVRegCM is for 3 months 

For ACIQLife the jobs are split to  2 jobs one for WRF and the other for CMAQ+SMOKE and every 
one of them is for 7 days 



MM5 and RegCM 
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WRF and WRF-Chem 
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