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6 Mobile Source Inventory (Vehicle) 
6.1 Developing and Updating Method for Emission inventory 
Mobile source inventory from vehicle exhaust gas is created with Microsoft Access (EmissionFromTransport 
Inv01 2015.mdb) based on the following formula. This detail is referred to Sector report for mobile source 
inventory. Regarding temporal change, hourly operating pattern by season is calculated by using the result of 
traffic count survey in major road.  
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Ei Annual emission of pollutant i (ton) 

t time 

Nt Annual number of time (366 x 24=8,784 hours (in leap year), 365 x 24 = 8,760 hours (in 
normal year)) 

L Link 

NL Number of link 

VT Vehicle type 

NVT Number of vehicle type 

EFVTi Emission factor by vehicle type of each pollutant 

VLt Travelling speed by time by link 

tvVT, L,t Traffic volume by time by link by vehicle type 

 

6.1.1 Collecting and Organizing Information on Activity Data 

Traffic volume is activity data in emission inventory for vehicle. Traffic volume means the value multiplying 
traffic count by distance in a road section and this unit is “vehicle x km”. In other words, traffic volume is the 
total mileage in a road section. 

Therefore, it is necessary to obtain the information on the traffic count and road distance every link. 

Link means the section that traffic count does not change extremely, such as the road between major 
intersections etc. 

1 Traffic Count 

The traffic count required to calculate emissions of pollutants by vehicle exhaust gas is not the traffic count at 
the intersection but the traffic count at the location that the traffic count between links assumes not to change. 

In JICA technical cooperation project "Capacity Development Project for Air Pollution Control in Ulaanbaatar 
City in Mongolia", traffic count survey was conducted in 2010. However, after that time, traffic count survey 
has not been conducted. Therefore, it is desirable that conducting the traffic volume survey be proposed and 
the traffic count reflecting the latest traffic situation be measured. 

Meanwhile, hourly traffic count has been measured with 52 VDSs by Traffic Control Center of UB city and 
this data is available. The accuracy of the VDS is validated by comparing the actual observation result with the 
traffic count using VDS and if there is no problem, it is possible to consider using the traffic count measured 
by VDS. 
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2 Road Distance 

Obtain the GIS data of the road network in UB city. Urban Planning Department of the Capital City and Public 
Transportation Department of the Capital City (PTDCC) are considered as the main candidates for data 
acquisition. Since large-scale construction for relieving traffic congestion has also been implemented in recent 
years, it is necessary to obtain and update the latest road network data. If possible, it is preferable to obtain 
with line data (Polyline data). 

In order to calculate the emissions from the main road, the major road from the acquired road network is 
necessary to be extracted. As the conditions of the major road, the presence or absence of the number of lanes 
and a median strip, and etc. be assumed, but setting according to the current traffic conditions is necessary. On 
the other hand, if having past road network data, you should check which road has been updated using the GIS 
tool, and if update of the main road is found, you should also update the previous road network data 

 

6.1.2 Collecting and Organizing Information for Developing Emission Factor 

6.1.2.1 Collecting and Organizing Information for Developing Emission Factor by Vehicle 
Type 

Since vehicles are not manufactured in Mongolia, all the vehicles traveling in Mongolia are imported vehicles 
and most of them are manufactured in Japan and Korea. For that reason, apply Regulation of Exhaust Gas of 
Motor Vehicles in Japan to vehicles traveling in Mongolia. However, since there are the following situations in 
Mongolia, the ability to match the value of Regulation of Exhaust Gas of Motor Vehicles may is not 
demonstrated. 

 The standard value of sulfur content of fuel used in Mongolia is higher than Japan. 

 The fuel that was used in the past included lead. 

 Regular inspection and maintenance is not conducted compared with Japan 

Therefore, the actual condition in Mongolia was decided to approximate by multiplying the emission factor of 
Regulation of Exhaust Gas of Motor Vehicles in Japan by the factor taking Mongolian situation into account. 

On the other hand, exhaust gas measurement at the time of actual traveling was started using the on-board 
emission measurement system. The actual condition of emissions in Mongolia can be further approximated by 
using the measurement results. 

The vehicle type composition ratio by Regulation year of Exhaust Gas of Motor Vehicles in Japan is necessary 
as the necessary information to create the emission factor by vehicle type. Vehicle inspection registration 
database that is managed at the vehicle inspection registration center is necessary as the original data to 
calculate the vehicle type composition ratio. Information such as vehicle type, engine type, manufacturing year, 
and import year etc. are registered one by one in this vehicle inspection registration database. 

 

6.1.2.2 Collecting and Organizing Information for Developing the Emission Factor of 
Fugitive Road Dust 

Emission factors for fugitive road dust are calculated using the emission factor model of AP-42. In AP-42, 
emission factor model differs between paved and unpaved roads. The outline of the coefficients of each 
formula is shown inTable 6-1 and Table 6-2. 

The geometric mean of the analysis result of the sample that is actually collected on the road in UB city is 
applied as the amount of silt on the paved road. 
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1 Paved Road  

EF = k × sL0.91 × W1.02 × (1 −
P

4N
) 

 

Table 6-1 Coefficient Using the Calculation of the Emission Factor of Fugitive Road Dust in Paved 
Road 

Coefficient Contents Value Source 
k Particle size multiplier (g/VKT) 0.62 AP-42, Table 13.2.1-1, PM-10,  
sL Silt Loading (g/m2) 1.01 Results of Monitoring Activity on 30th May by 

considering the monitoring points. 
 Winter Baseline 

Multiplier(April – October) 
1 Coefficient in non-Winter season 

 November - March 0.25 Coefficient in Winter season 
W Average weight (tons) of 

vehicles traveling 
1.48 Weighted average of vehicle inspection data of 

UB, 2009 
P Number of Wet Day (April – 

October) 
37 http://geodata.us/weather/place.php?usaf=442920

&uban=99999&c=Mongolia&y=2010 
 November - March 120 Since the road surface is frozen in winter season, 

the winter season, four months, is treated as wet. 
N Number of days in the averaging 

period (April – October) 
214  

 November - March 151  

 

2 Unpaved Road  

EF = �
k × (s 12⁄ )a × (S 30⁄ )d

(M 0.5⁄ )c
− C� × 281.9 ×

365 − RD
365

 

 

Table 6-2 Coefficient Using the Calculation of the Emission Factor of Fugitive Road Dust in Unpaved 
Road 

Coefficient Contents Value Source 
k Empirical constant (lb/VMT) 1.8 AP-42, Table 13.2.2-2, Public Roads, PM-10 
a Empirical constant 1 AP-42, Table 13.2.2-2, Public Roads, PM-10 
c Empirical constant 0.2 AP-42, Table 13.2.2-2, Public Roads, PM-10 
d Empirical constant 0.5 AP-42, Table 13.2.2-2, Public Roads, PM-10 
s Surface material silt content 

(%) 
1.8 AP-42, Table 13.2.2-3, Surface Silt Content % 

minimum value 
M Surface material moisture 

content (%) 
13 AP-42, Table 13.2.2-3, Median value of "Public 

Roads" maximum value 
S Mean vehicle speed (m/h) 4.349598 7km/h (Simple average of "Roads in ger areas, 4 

> count of lanes >= 2" of Travel Speed Survey) 
C Emission factor for 1980's 

vehicle 
0.00047 AP-42, Table 13.2.2-4, PM-10 

RD Annual number of rain and 
snow average days 

157 http://geodata.us/weather/place.php?usaf=442920
&uban=99999&c=Mongolia&y=2010 
Since the road surface is frozen in winter season, 
the winter season, four months, is treated as wet. 
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6.1.3 Developing and Updating Emission Inventory 

6.1.3.1 Updating Traffic Count 

To estimate the traffic count by link for the target year, after deleting the existing data with “s01-TrafficCount-
00-remove-all” query, run the two add queries (“s01-TrafficCount-06-Insert-Main1-HourlyData” and “s01-
TrafficCount-06-Insert-Main2-DayTotal”) to calculate the traffic count by link by vehicle type using the traffic 
count data in 2010. 

 
 

Since the number plate regulation on weekdays was not implemented at the time of the traffic count survey in 
2010, in order to estimate the traffic count after 2012, calculate a value by multiplying the traffic count by 
vehicle type by 4/5. 

 
 

In order to estimate the traffic count of target year, the coefficient of the expression of [Update To:] in each 
field of “s01-TrafficCount-06-UpdateFor2015” query is changed. The coefficient applies to the ratio of the 
number of vehicle inspection registration in target year to 2010. 
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Calculate the daily traffic volume using the “t01-TrafficCount” table updated according to the above, and 
calculate the annual traffic volume by multiplying it by the annual number of days by season by weekday or 
holiday. 

 
 

Sort the “t01-TrafficCount” table into a table of traffic count by vehicle type by time by weekday or holiday by 
season by link. After deleting the existing data with “s03-TrafficCountSerialized0-Remove-All” query, run 
“s03-TrafficCountSerialized1” query and add the result to “t03-TrafficCountSerialized” table. Do this work for 
queries 2 to 7 in the same way. 
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6.1.3.2 Updating Road Network 

The existing road network and the newly acquired road network are overlapped on GIS software. If there is a 
road that is not included in the existing road network but is included in the newly acquired road network, a 
new road network is added to the layer of the existing road network. 
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Make the copy of road network to modify and save the different name. 

 

 
 

Layers of the new road and layers of the old road copied above are overwrapped and displayed. At this time, 
the coordinate system in the map is set to the coordinate system of the layer of the copied old road. 
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To edit the road network data, click [Customize]-[Toolbars]-[Editor] and show “Editor” toolbar. 

 
 

Click [Editor]-[Start Editing] in “Editor” toolbar. 

 
 

Select the layer of road network to edit and click [OK]. Also, when showing the right dialog, click [Continue]. 
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After selecting the icon in red circle, select the road to update. Color of selected road is changed to light blue. 

 
 

To modify the selected road, click the icon in red circle. This icon has the function to modify the location and 
number of vertex of road. 
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Green rectangle on line is vertex. When pointing vertex with a cursor, and clicking and moving the mouse, 
vertex moves. 

 
 

To add new vertex between the existing vertices, after clicking the icon in red circle, point the line between the 
existing vertices with a cursor and click. 

 
 

Click the icon in the following figure and complete the edit of vertex. 
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After completing to add the target road, save the layer by clicking [Save Edits] of [Editor] and complete the 
edit mode by clicking [Stop Editing]. 

 
 

Updating road network shows red line as follows. 
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6.1.3.3 Updating Vehicle Inspection Registration Data 

Select [External Data] tab and select [Excel] in [Import & Link]. 

 
 

Click [Browse]. 

 
 

Select the file you want to import (Here it is “in_VehicleInspection_Private_2015.xls”). 

 
 

Select [Import the source data into a new table in the current database.] and click [OK]. 
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Check [Show Worksheets] is selected, select [Sheet1] sheet, and click [Next]. 

 
 

Check [First Row Contains Column Headings] is checked and click [Next]. 
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Click [Next] 

 
 

Select [Let Access add primary key.] and Click [Next]. 
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Input the table name in the [Import to Table:] textbox and click [Finish]. 

(Here it is “in_VehicleInspection_Private_2015”.) 

 
 

Click [Close]. 

 
 

Right-click “s11-VehicleInspectionPrivate-s02-copy-all-2015” query and click [Design View]. 
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The value in the [totalweight] column may exceed 50. Since the unit of this column is “ton” and the value 
exceeding 50 is not a realistic value as the weight of vehicle, all values exceeding 50 tons is regarded as 50 
tons. So right-click “s11-VehicleInspectionPrivate-s11-totalweight>50ton” query and click [Design View]. 
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Create a table for allocating coefficients considering the year of Regulation of Exhaust Gas of Motor Vehicles 
in Japan and the condition in Mongolia to data cleaned vehicle inspection registration data. So right-click “s15-
VehicleList-s02-insertPrivate-sub1” query and click [Design View]. 

 

 
 

6.1.3.4 Setting the Classification of Regulation of Exhaust Gas of Motor Vehicles in Japan 

Set the classification of Regulation of Exhaust Gas of Motor Vehicles to each car in the table created above. 
First, initialize the value of the column of classification year Regulation of Exhaust Gas of Motor Vehicles in 
Japan and the coefficient taking into consideration the condition in Mongolia. Right-click ”s21-VehList-
InitializeJEAfield” query and click [Design View]. 
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Right-click “s21-VehList-UpdateJEAfield01-VehicleType” query and click [Design View]. In this query, set 
the vehicle type classification for each registered vehicle. 
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Right-click “s21-VehList-UpdateJEAfield03-EngineTypeStep1” query and click [Design View]. In this query, 
set the engine type in regulation of exhaust gas of motor vehicles in Japan to each registered vehicle. 

 
 

Right-click “s21-VehList-UpdateJEAfield04-EngineTypeStep2” query and click [Design View]. In this query, 
set the symbol indicating no classification “@” to the column of vehicle engine type that is null when running 
“Step1”. 
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Right-click “s21-VehList-UpdateJEAfield05-EngineCapacityCategory” query and click [Design View]. In this 
query, classify the category according to the engine capacity of vehicle. 
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Right-click “s21-VehList-UpdateJEAfield06-EIWcategory” query and click [Design View]. In this query, 
classify the category of Equivalent Inertia Weight (EIW) in diesel passenger car. 

 

 
 

Right-click “s21-VehList-UpdateJEAfield07-GVWestimate” query and click [Design View]. In this query, 
estimate the Gross Vehicle Weight (GVW) of bus and truck. 
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Right-click “s21-VehList-UpdateJEAfield09-GVWcategory” query and click [Design View]. In this query, 
classify the category of GVW by vehicle type. 
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Right-click “s21-VehList-UpdateJEAfield10-Truck(<=660cc)” query and click [Design View]. In this query, 
modify the category of EIW and GVW of truck of engine capacity less than 660cc. 

 
 

Right-click “s21-VehList-UpdateJEAfield10-Truck(<=660cc)” query and click [Design View]. In this query, 
change the vehicle engine type of direct injection diesel engines of light classification GVW “Direct Injection 
Diesel” to “Indirect Injection Diesel”. 
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Right-click “s21-VehList-UpdateJEAfield12-GasolineGVWlight” query and click [Design View]. In this 
query, update the GVW classification of gasoline vehicle less than 660cc to the symbol indicating no 
classification “@”. 

 
 

Right-click “s21-VehList-UpdateJEAfield13-year” query and click [Design View]. In this query, copy and 
paste information of manufactured year (“manufacturedyear” column) to the column to classify the regulation 
year of exhaust gas of vehicle in Japan (“JEA-manufacturedyear” column). 
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Right-click “s22-VehList-UpdateJEAfield16-yearPrivateNonJapan” query and click [Design View]. In this 
query, update the regulation year of exhaust gas of vehicle in Japan for the vehicle manufactured in except 
Japan to “1” (before regulation). 

 
 

Right-click “s22-VehList-UpdateJEAfield17-EFyear” query and click [Design View]. In this query, set the 
regulation year of vehicle exhaust gas of vehicle by pollutant defined by vehicle type, engine type, engine 
capacity classification, EIW classification, GVW classification, and manufactured year. 

 

 
 

6.1.3.5 Setting the Coefficient Considering the Condition of Mongolia 

Right-click “s28-VehList-UpdateUBfield01-VehicleType” query and click [Design View]. In this query, set 
the vehicle type classification in UB city according to vehicle type classification in Japan and vehicle weight. 
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Right-click “s28-VehList-UpdateUBfield02-CopyJEAfield” query and click [Design View]. In this query, 
copy and paste the regulation year of exhaust gas of vehicle in Japan set by “s22-VehList-UpdateJEAfield17-
EFyear” query to the column for applying the regulation year of exhaust gas of vehicle in Mongolia (“UB-
EFyear-NOx” etc.) and set “1” as initial value to the column of coefficient considered the condition in 
Mongolia (“UB-EFyear-NOx-r” etc.). 
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1 Effect of Using Leaded Gasoline 

Exhaust gas treatment equipment for gasoline vehicles imported before 2007 is considered to be deteriorated 
by leaded gasoline based on MNS217:87. Therefore, the emission factor in 1974, when leaded gasoline was 
sold in Japan, will be applied for gasoline vehicles imported before 2007. 

Right-click “s28-VehList-UpdateUBfield03-GasLead-Sub” query and click [Design View]. In this query, 
extract the regulation year of exhaust gas of vehicle by pollutant in 1974. 
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Right-click “s28-VehList-UpdateUBfield03-GasLead-Main” query and click [Design View]. In this query, 
change the regulation year of exhaust gas of vehicle applied in Mongolia for gasoline vehicle imported before 
2007 to the regulation year of exhaust gas of vehicle in 1974 (the result of “s28-VehList-UpdateUBfield03-
GasLead-Sub” query ). 
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2 Effect of Using the High Sulfur Gasoline  

Since the gasoline currently sold in Mongolia exceeds the sulfur concentration standard required to Japanese 
vehicle after 2005, it is considered that the exhaust gas treatment device is deteriorating. For this reason, the 
emission factor of 2004 is applied to gasoline vehicles manufactured after 2005 and imported after 2007. 

Right-click “s28-VehList-UpdateUBfield04-GasSulfur-Sub” query and click [Design View]. In this query, 
extract the regulation year of exhaust gas of vehicle by pollutant in 2004. 
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Right-click “s28-VehList-UpdateUBfield04-GasSulfur-Main” query and click [Design View]. In this query, 
change the regulation year of exhaust gas of vehicle applied in Mongolia for gasoline vehicle manufactured 
after 2005 and imported after 2007 to the regulation year of exhaust gas of vehicle extracted by “s28-VehList-
UpdateUBfield03-GasLead-Sub” query. 
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3 Effect of Using the High Sulfur Diesel 

Since the diesel currently sold in Mongolia exceeds the sulfur concentration standard required to Japanese 
vehicle after 1997, it is considered that the exhaust gas treatment device is deteriorating. For this reason, the 
emission factor of 1996 is applied to gasoline vehicles manufactured after 1997. 

Right-click “s28-VehList-UpdateUBfield05-DieSulfur-Sub” query and click [Design View]. In this query, 
extract the regulation year of exhaust gas of vehicle by pollutant in 1996. 
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Right-click “s28-VehList-UpdateUBfield05-DieSulfur-Main” query and click [Design View]. In this query, 
change the regulation year of exhaust gas of vehicle applied in Mongolia for the vehicle manufactured after 
1997 in Japan to the regulation year of exhaust gas of vehicle extracted by “s28-VehList-UpdateUBfield05-
DieSulfur-Sub” query. 
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4 Effect of the travelling of the Vehicles that Have not Passed Vehicle Inspection 

Many vehicles have high exhaust gas concentration. For that reason, for vehicle corresponding to Japan's 
inspection standard rejection 7, double the emission factor and the fuel consumption rate for unregulated 
vehicles. 

Right-click “s28-VehList-UpdateUBfield06-EFyear-rInspection” query and click [Design View]. In 
accordance with the above conditions, set the regulation year of exhaust gas of vehicle as “1” (before 
regulation) and double the coefficient taking into consideration the influence in Mongolia. 

 

                                                        
7 For gasoline vehicles: CO concentration> 1% or HC concentration> 300 ppm, for diesel vehicles: permeability> 
40% 
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5 Effect of Inadequate Maintenance of Vehicle 

Some vehicles running in the UB are the vehicles with insufficient maintenance. In Japan, there are 
investigations that vehicles with insufficient maintenance have 96% more air pollutants contained in exhaust 
gas than regularly maintained vehicles. Therefore, for vehicles imported before 2011, set the emission factor to 
add 96%. 

Right-click “s28-VehList-UpdateUBfield08-EFyear-rImportYear” query and click [Design View]. In this 
query, 1.96 times the coefficients with Mongolian condition added to vehicles imported before 2011. 
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6.1.3.6 Setting the Annual Traffic Volume by Vehicle Type 

Right-click “s29-VehList-Update-km_per_year” query and click [Design View]. In this query, set the travel 
distance of all registered vehicle as 12,000km (passenger car). 

 
 

Right-click “s29-VehList-Update-km_per_year-PublicBus” query and click [Design View]. In this query, set 
the travel distance large-sized bus (assumed as public bus) as 76,578km. 
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Right-click “s29-VehList-Update-km_per_year-PublicMikro” query and click [Design View]. In this query, 
set the travel distance of micro bus as 57,098km. 

 
 

6.1.3.7 Composition Ratio of Vehicle Type 

Right-click “s32-RbyEFyear-Insert-Sub” query and click [Design View]. In this query, calculate the vehicle 
count and traffic volume by vehicle type. 
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Right-click “s32-RbyEFyear-Insert-NOx-Sub” query and click [Design View]. In this query, calculate the 
vehicle count, traffic volume, and averaged vehicle weight by vehicle type by the regulation year of exhaust 
gas of vehicle of NOx. 
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Right-click “s32-RbyEFyear-Insert-NOx-Main” query and click [Design View]. In this query, calculate the 
vehicle type composition ratio of NOx by the regulation year of exhaust gas of vehicle and averaged vehicle 
weight. After clicking [Run] and executing, add this query result to “t31_RbyEFyear” table. 
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Right-click “s33-RbyEFyear-Insert-PM-Sub” query and click [Design View]. In this query, calculate the 
vehicle count, traffic volume, and averaged vehicle weight by vehicle type by the regulation year of exhaust 
gas of vehicle of PM. 
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Right-click “s33-RbyEFyear-Insert-PM-Main” query and click [Design View]. In this query, calculate the 
vehicle type composition ratio of PM by the regulation year of exhaust gas of vehicle and averaged vehicle 
weight. After clicking [Run] and executing, add this query result to “t31_RbyEFyear” table. 



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 Mongolia 
Technical Manual 07: Manual for Development and Updating of Emission Inventory  

  

  

SUURI-KEIKAKU CO., LTD. - 135 - 

 

 
 

Right-click “s34-RbyEFyear-Insert-HC-Sub” query and click [Design View]. In this query, calculate the 
vehicle count, traffic volume, and averaged vehicle weight by vehicle type by the regulation year of exhaust 
gas of vehicle of HC. 
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Right-click “s34-RbyEFyear-Insert-HC-Main” query and click [Design View]. In this query, calculate the 
vehicle type composition ratio of HC by the regulation year of exhaust gas of vehicle and averaged vehicle 
weight. After clicking [Run] and executing, add this query result to “t31_RbyEFyear” table. 
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Right-click “s35-RbyEFyear-Insert-CO-Sub” query and click [Design View]. In this query, calculate the 
vehicle count, traffic volume, and averaged vehicle weight by vehicle type by the regulation year of exhaust 
gas of vehicle of CO. 
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Right-click “s35-RbyEFyear-Insert-CO-Main” query and click [Design View]. In this query, calculate the 
vehicle type composition ratio of CO by the regulation year of exhaust gas of vehicle and averaged vehicle 
weight. After clicking [Run] and executing, add this query result to “t31_RbyEFyear” table. 
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Right-click “s36-RbyEFyear-Insert-CO2-Sub” query and click [Design View]. In this query, calculate the 
vehicle count, traffic volume, and averaged vehicle weight by vehicle type by the regulation year of exhaust 
gas of vehicle of CO2. 
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Right-click “s36-RbyEFyear-Insert-CO2-Main” query and click [Design View]. In this query, calculate the 
vehicle type composition ratio of CO2 by the regulation year of exhaust gas of vehicle and averaged vehicle 
weight. After clicking [Run] and executing, add this query result to “t31_RbyEFyear” table. 
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6.1.3.8 Calculation of Emission Factor by Vehicle Type 

Right-click “s42-EF-Type1-Sub” query and click [Design View]. In this query, cross the table of vehicle type 
composition ratio by the regulation year of exhaust gas of vehicle and the table of travel speed. 



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 Mongolia 
Technical Manual 07: Manual for Development and Updating of Emission Inventory 
  

  

SUURI-KEIKAKU CO., LTD. - 142 - 

 

 
 

Right-click “s42-EF-Type1-Sub2” query and click [Design View]. In this query, calculate emission factor by 
joining to the coefficient table of emission unit by vehicle type by regulation year of exhaust gas of vehicle. 
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Right-click “s42-EF-Type1-Main” query and click [Design View]. In this query, organize the emission factor 
by pollutant by vehicle type by traffic speed. 
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Right-click “s43-EF-Type1-SOx-Sub2” query and click [Design View]. In this query, calculate the emission 
factor of SOx by multiplying the ratio of sulfur content to carbon content in fuel by emission factor of CO2. 
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Right-click “s43-EF-Type1-SOx-Main” query and click [Design View]. In this query, organize the emission 
factor of SOx by vehicle type by traffic speed. 

 
 

Right-click “s44-EF-Type1-Gasoline-Sub2” query and click [Design View]. In this query, calculate gasoline 
consumption factor by multiplying the coefficient calculated the carbon content in fuel by emission factor of 
CO2. 
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Right-click “s44-EF-Type1-Gasoline-Main” query and click [Design View]. In this query, organize the 
gasoline consumption factor by vehicle type by traffic speed. 
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Right-click “s44-EF-FuelRatio-Gasoline” query and click [Design View]. In this query, organize the gasoline 
consumption by vehicle type by traffic speed. 

 

 
 

Right-click “s45-EF-Type1-Diesel-Sub2” query and click [Design View]. In this query, calculate diesel oil 
consumption factor by multiplying the coefficient calculated the carbon content in fuel by emission factor of 
CO2. 
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Right-click “s45-EF-Type1-Diesel-Main” query and click [Design View]. In this query, organize the diesel oil 
consumption factor by vehicle type by traffic speed. 

 
 

Right-click “s45-EF-FuelRatio-Diesel” query and click [Design View]. In this query, organize the diesel 
consumption by vehicle type by travel speed. 
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Right-click “s46-EF-Type1-TraVol” query and click [Design View]. In this query, set the coefficient of traffic 
volume by vehicle type by travel speed. 
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Right-click “s47-EF-Type2-Sub” query and click [Design View]. In this query, organize the emission factor 
and fuel consumption factor by vehicle type. 

 
 

Right-click “s47-EF-Type2-Main” query and click [Design View]. In this query, crate the table organized by 
“s47-EF-Type2-Sub” query. 

 
 

6.1.3.9 Calculation of the Emission of Vehicle Exhaust Gas from Major Road 

Right-click “s61-EmissionMajorRoad-s02-insert-Sub1” query and click [Design View]. In this query, calculate 
the traffic count by link, season, weekday or holiday, hour, and vehicle type. 
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Right-click “s61-EmissionMajorRoad-s02-insert-Sub2” query and click [Design View]. In this query, add 
averaged travel speed to “s61-EmissionMajorRoad-s02-insert-Sub1” query. 
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Right-click “s61-EmissionMajorRoad-s02-insert-Main” query and click [Design View]. In this query, select 
the emission factor by pollutant from vehicle type and travel speed and calculate the emission by link, season, 
weekday or holiday, hour vehicle type, and pollutant. 
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Right-click “s62-EmissionMajorRoadTotal-s02-insert-Sub1” query and click [Design View]. In this query, 
cross tabulation of the emission by link, season, weekday or holiday, hour vehicle type, and pollutant is 
conducted. 

 

 
 

Right-click “s62-EmissionMajorRoadTotal-s02-insert-Main” query and click [Design View]. In this query, 
add the result by “s62-EmissionMajorRoadTotal-s02-insert-Sub1” query to table. 
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6.1.3.10 Calculation of the Emission of Vehicle Exhaust Gas from Minor Road 

Right-click “s28-VehList-UpdateUBfield04-GasSulfur-Sub” query and click [Design View]. In this query, 
calculate the emission in minor road by multiplying the emission in major road by the ratio of traffic volume in 
minor road to traffic volume in major road in last year. 

 

 
 

Right-click “s72-EmissionMinorRoadTotalByGrid-s02” query and click [Design View]. In this query, 
calculate the emission by grid in minor road by multiplying the total emission in minor road by the population 
ratio by grid. 



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 Mongolia 
Technical Manual 07: Manual for Development and Updating of Emission Inventory  

  

  

SUURI-KEIKAKU CO., LTD. - 157 - 

 

 
 

Right-click “s73-EmissionMinorRoadTotalByGridBySeason-s02-Sub1” query and click [Design View]. In this 
query, calculate the seasonal traffic volume by grid in minor road. 
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Right-click “s73-EmissionMinorRoadTotalByGridBySeason-s02-Sub2” query and click [Design View]. In this 
query, calculate the total traffic volume in minor road. 

 
 

Right-click “s73-EmissionMinorRoadTotalByGridBySeason-s02-Main” query and click [Design View]. In 
this query, calculate the seasonal emission of grid by multiplying the emission of grid in minor road by the 
ratio of seasonal traffic volume to total traffic volume. 
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6.1.3.11 Emission Factor of Fugitive Dust from Road 

Calculate the emission factor of fugitive dust from road by inputting and updating the value of the calculation 
sheet for calculating the emission factor by the method shown in 6.1.2.2 (EmissionFactor_20160909_EN.xls). 
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Update the result of the above calculation sheet to [PM10_Autumn_Min] and [PM10_Winter_Min] columns in 
“M_FugitiveDust_EF” table 

 
 

6.1.3.12 Calculation of Fugitive Dust Amount by Vehicle Travelling in Major Road 

Fugitive road dust by road traveling is calculated by the following formula. In the database, we create queries 
to calculate this. 

Figitive dust amount (ton) = traffic volume (unit x km) x fugitive emission factor of major road (g/unit 
x km) 

Since the emission factor is seasonal, it is necessary to calculate traffic volume by season as well. This 
calculation formula is the same for the calculation of the fugitive dust in minor road. 

 

Right-click “s64-EmissionMajorRoadTotalByLinkBySeason-s02-insert-sub” query and click [Design View]. 
In this query, cross tabulation of the emission by link by season is conducted. 
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Right-click “s64-EmissionMajorRoadTotalByLinkBySeason-s02-insert-Main” query and click [Design View]. 
Add table to the result of cross tabulation in “s64-EmissionMajorRoadTotalByLinkBySeason-s02-insert-sub” 
query. 
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To cross tabulation of the traffic volume per 1km by link by season, right-click 
“s67_EmissionMajorRoadTotalByLinkLineSource-s02-TVcross” query and click [Design View]. 

 
 

Show “t64_EmissionMajorRoadTotalByLinkBySeason” table on this query and set the output item as follows.  
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To calculate the fugitive road dust per 1km by multiplying traffic volume by emission factor, right-click “s28-
VehList-UpdateUBfield04-GasSulfur-Sub” query and click [Design View]. In this query, extract the regulation 
year of exhaust gas of vehicle by pollutant in 2004. 

 
 

Join “s67_EmissionMajorRoadTotalByLink_LineSource-s02-TVcross” query and “M_FugitiveDust_EF” table 
on [IsPaved] column. 



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 Mongolia 
Technical Manual 07: Manual for Development and Updating of Emission Inventory 
  

  

SUURI-KEIKAKU CO., LTD. - 164 - 

 
 

Set the output item as follows. Calculate the annual emission per 1km by summing the emission by 
multiplying the seasonal traffic volume by seasonal emission factor emission per traffic volume. 

 
 

Calculate the annual fugitive road dust by link by multiplying the annual emission per 1km by the link length. 
Right-click “s28-VehList-UpdateUBfield04-GasSulfur-Sub” query and click [Design View]. 

 
 

Join “RoadTrafficCount_20160404” table, “s67-EmissionMajorRoadByLink_LineSource-s03-FDEmis_pkm” 
query on [LinkID] and [Shape_Length] column. 
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Set the output item as follows. Calculate the emission by multiplying the annual emission per 1km by link 
length. PM10 emission is the same as PM emission. 

 
 

Click [Design]-[Create Table] 

 
 

Set the table name (Here it is “t67_EmissionMajorRoadByLink_LineSource_FDEmis”). 

 
 

Click [Design]-[Run] 
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Click [Yes]. 

 
 

Create the input data table of fugitive road dust in major road for simulation. 

 
 

6.1.3.13 Calculation of Fugitive Dust Amount by Vehicle Travelling in Minor Road (Paved 
Road) 

Right-click “s74_EmissionMinorRoadTotalByGrid-s01-TVcross” query and click [Design View]. 
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Show “t73_EmissionMinorRoadByGridBySeason” table on this query and set the output item as follows. In 
this query, cross tabulation of the emission by grid by season is conducted. 

 
 

Right-click the “s75_EmissionMinorRoadByGrid_FD_Paved” query and click [Design View]. 
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Join “ApartmentGerArea” table, “s74_EmissionMinorRoadByGrid-s01-TVcross” query on [IXIY] column and 
join “ApartmentGerArea” table, “M_FugitiveDust_EF” query on [IsPaved]. 

 
 

Set the output item as follows. Calculate the emission by multiplying the traffic volume by season by grid by 
emission factor per traffic volume and by the area ratio of apartment area or ger area by grid. 

 
 

Click [Make Table] in [Design] 

 
 

Set the table name (Here it is “t75_EmissionMinorRoadByGridForSimulation_FD_Paved”). 
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Click [Design]- [Run]. 

 
 

Click [Yes]. 

 
 

Create the input data table of fugitive road dust in minor road (paved road) for simulation. 
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6.1.3.14 Calculation of Fugitive Dust Amount by Vehicle Travelling in Minor Road (Unpaved 
Road) 

Right-click the “s75_EmissionMinorRoadByGridForSimulation_FD_Unpaved” query and click [Design 
View]. 

 
 

Join “ApartmentGerArea” table, “s74_EmissionMinorRoadByGrid-s01-TVcross” query on [IXIY] column and 
join “ApartmentGerArea” table, “M_FugitiveDust_EF” query on [IsPaved]. 

 
 

Set the output item as follows. Calculate the emission by multiplying the traffic volume by season by grid by 
emission factor per traffic volume and by the area ratio of apartment area or ger area by grid. 
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Click [Make Table] in [Design] 

 
 

Set the table name (Here it is “t75_EmissionMinorRoadByGridForSimulation_FD_Unpaved”). 

 
 

Click [Design]- [Run]. 

 
 

Click [Yes]. 
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Create the input data table of fugitive road dust in minor road (unpaved road) for simulation. 

 
 

6.2 Conversion Method of Mobile Source Inventory to the Input Data 
for Dispersion Simulation 

Open “EmissionFromTransport Inv01 2015.mdb”. 

 

1 Developing the Input Data for Dispersion Simulation of Vehicle Exhaust Gas from Major 
Road 

Right-click “s63-EmissionMajorRoadTotalByLink-s02-insert-Sub” query and click [Design View]. Cross 
tabulation of the emission by link by pollutant is conducted in this query. 
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Right-click “s63-EmissionMajorRoadTotalByLink-s02-insert-Main” query and click [Design View]. Add table 
to the result of cross tabulation in “s63-EmissionMajorRoadTotalByLink-s02-insert-Sub” query. 
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Right-click “s67-EmissionMajorRoadByLink_LineSource” query and click [Design View]. 

 
 

Join “RoadTrafficCount_20160404” table, “t63_EmissionMajorRoadTotalByLink” table on [LinkID] and 
[Shape_Length] column. 

 
 

Set the output item as follows. Calculate the emission by multiplying the emission per vehicle x 1km by traffic 
count and length of link. 
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Click [Design]-[Create Table] 

 
 

Set the table name (Here it is “t67_EmissionMajorRoadByLink_LineSource”). 

 
 

Click [Design]-[Run] 

 
 

Click [Yes]. 
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Create the input data table of major road for simulation. 

 
 

2 Developing the Input Data for Dispersion Simulation of Fugitive Dust from Major Road 

See “6.1.3.12 Calculation of Fugitive Dust Amount by Vehicle Travelling in Major Road”. 

 

3 Developing the Input Data for Dispersion Simulation of Vehicle Exhaust Gas from Minor 
Road 

Right-click “s72-EmissionMinorRoadByGrid-s02” query and click [Design View]. 

 
 

Add these tables such as “Grid1km”, “t04_Grid1km_ratio”, and “t71_EmissionMinorRoadTotal”, and join 
“Grid1km” table, “t04_Grid1km_ratio” table on [IXIY] column. 
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Set the output item as follows. 

 
 

Click [Design]-[Append]. 
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Set the table name (Here it is “t72_EmissionMinorRoadByGrid”). 

 
 

Click [Design]-[Run] 

 
 

Click [Yes]. 

 
 

Create the input data table of minor road for simulation. 
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4 Developing the Input Data for Dispersion Simulation of Fugitive Dust from Minor Road 
(Paved Road) 

See “6.1.3.13 Calculation of Fugitive Dust Amount by Vehicle Travelling in Minor Road (Paved Road)”. 

 

5 Developing the Input Data for Dispersion Simulation of Fugitive Dust from Minor Road 
(Unpaved Road) 

See “6.1.3.14 Calculation of Fugitive Dust Amount by Vehicle Travelling in Minor Road (Unpaved Road)”. 

 

6.3 Drawing Emission Distribution Map 
Open template file, click [File]-[Save As], and saved as other name. 

 
 

Join the table of emission by grid to “RoadMain” layer. Right-click “RoadMain” layer and select [Joins and 
Relates]-[Join]. 

 
 

When showing the following dialog, click  button. 
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Select the table of emission by grid to join and click [Add] (Here it is “EmissionMajorRoadByLink” table). 

 
 

Show the selected table in the dropdown textbox of “2.”. When clicking the dropdown button of “1.” and 
selecting “LinkID”, show “LinkID” in “3.” automatically. After then, click [OK]. 
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If the following dialog may be shown, click [No]. 

 
 

Right-click “RoadMain” layer and click [Properties]. 

 
 

Click [Symbology] tab and select [Quantities]-[Graduated colors]. Click and select the target column name at 
the drop down button of [Value] (Here it is [SOx_tpy_km].). 

 
 

When click [Reverse Sorting] after you right-click on the [Range] column, the display order of rank changes. 
According to the order of symbol color, decide the display order of rank. 
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When double-clicking color in [Symbol] column, since the following dialog is shown, select color. Also, set 
the thickness of line in [Width]. 

 
 

After selecting a rank, click the [Range] of the selected rank and input the maximum of the rank. However, if 
doing [Reverse Sorting], since the input order of rank is reversed, take care in the input order. When all setting 
completed, click [OK]. 
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Click “SO2_tpy_km” of “RoadMain” layer and make it editable and change to “ton/year/km”. 

 
 

Change the title of this map. Move the cursor to the textbox of title, right-click it, and click [Properties]. 

 
 

Input a title in [Text] (Here it is “SO2 Emission – Major Road”.). 
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Select and right-click the legend and click [Properties]. 

 
 

Select [RoadMain] at [Legend Items] of [Item] tab, move it to the top of [Legend Items] list by [↑] button, 
click [OK]. 
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Complete drawing the map by ArcGIS. 

 
 

To export the distribution map to PDF file, click [File]-[Export Map]. 

 
 

Setting the destination and file name and click [Save]. 
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Create the PDF file of distribution map. 
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7 Others Source Inventory (Fugitive Ash from Ash Pond of Power 
Plant) 

7.1 Developing and Updating Method for Emission inventory 
Other source targets fugitive ash from ash pond of power plant in this manual.Calculation flow diagram of the 
emission from fugitive ash from ash pond of power plant is shown in Figure 7-1. Emission is calculated by 
using the following formula. Regarding temporal change, monthly fugitive pattern by site is calculated by 
using monthly erosion depth by monitoring. 

E𝑖𝑖 = AD𝑖𝑖 × EF𝑖𝑖 

Ei: Emission from site i (ton/year) 

ADi: Capable area of fugitve ash from site i (m2) 

EFi: Emission factor of site i (g/m2) 

ADi and EFi are respectively calculated by the following formula. 

AD𝑖𝑖 = A𝑖𝑖 × P𝑖𝑖 

EF𝑖𝑖 = D𝑖𝑖 × d 

Ai: Area of site i (m2) 

Pi: Capable ratio of fugitive ash in site i (%) 

Di: Erosion depth of site i (cm) 

d: Dry density of ash (=1.041 g/cm3) 

 

 
Figure 7-1  Calculation Flow Diagram of the Emission from Fugitive Ash from Ash Pond of Power 

Plant 

 

7.1.1 Collecting and Organizing Information on Activity Data 

Activity data of this source is the area by ash pond by power plant and the monthly scatterable ratio.  

Monthly scatterable ratio is the ratio of the area other than the area where it does not scatter due to covering 
soil and containing moisture in ash pond. 

Area of ash pond Capable rate of fugitive
ash

Dry density of ash

Calculation of fugitive 
ash in ash pond

Caluculation of fugitive
PM10 in ash pond

Erosion depth of ash 
pond by monitoring

PM10 Ratio based on 
the analysis of ash
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Inquire the person in charge of management of ash pond at each power station or the person in charge of 
monitoring, and check the usage condition of the ash pond including the above information. At that time, 
discuss and estimate the monthly scattering rate using satellite images such as Google Earth. 

Therefore, activity data is calculated by the following formula. 

Scatterable area (m2) = the area of ash pond x scatterable ratio (%) / 100 

 

7.1.2 Collecting Information on Emission Factor 

Data from which the emission factor at this source is based is the dry density of the ash (ρ g/cm3), the average 
erosion depth of the ash pond (D cm), and the content of PM10 and PM2.5 in ash (RPM10 and RPM2.5). Emission 
factors are calculated by the following formula. 

EFAsh =ρ x D x 10-2 

EFPM10 = EFAsh x RPM10 

EFPM2.5 = EFAsh x RPM2.5 

EFAsh EFPM10 EFPM2.5: Emission factor of fugitive ash, and PM10 and PM2.5 in ash (ton/m2) 

In the non-winter season, monitoring of the average erosion depth of ash pond for each site of power plant and 
month is conducted at least once a month, so collect the file that the monitoring staff has been organized. 

It is preferable to measure dry density of ash by taking a sample for each ash pond, but it is difficult to ensure 
measurement accuracy. For this reason, collect analysis results on the dry density of fly ash and bottom ash 
both in Mongolia and overseas, and set the dry density for each power plant taking account of the ash 
condition at ash pond. 

Since ash may leak due to rain during the summer, if there is any doubt about the data, inquire to the 
monitoring staff and decide whether or not to apply it to the emission factor after discussing whether it is used 
for calculating the emission factor. 

Take a sample from the ash pond and asked to analyze the content of PM10 and PM2.5 in the ash. Since the 
particle size distribution of ash differs depending on power plant, you should collect and analyze a sample for 
each power plant. The institute name and contacts for conducting the analysis are as follows. 

 

Institute name Responsible person Contacts 
Soil laboratory, Institute 
Geography, Mongolian Academy 
of Sciences 

Head of Soil laboratory: Dr. 
Ochirbat Batkhishig 

99712339 
batkhishig@gmail.com 

 

7.1.3 Developing and Updating Emission Inventory 

Use “FugitiveAsh_AshPond.xls” for developing and updating emission inventory of fugitive ash from ash 
pond of power plant. 

Emission is automatically calculated by using fuel consumption and emission factor. 
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Calculate the fugitive amount of PM10 and PM2.5 by multiplying the above fugitive ash amount by the ratio 
of PM10 and PM2.5. 

  
 

Estimated the fugitive pattern from ash pond using the hourly fugitive amount by ash pond 



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 Mongolia 
Technical Manual 07: Manual for Development and Updating of Emission Inventory  

  

  

SUURI-KEIKAKU CO., LTD. - 191 - 

 
 

7.2 Import Inventory File into Access 
Data on other source inventory is generated in “OtherSources.mdb”. This explains the method to import the 
inventory developing in 7.1.3 to “OtherSources.mdb”. 

Open ArcGIS, copy [PPAsh_Area_20xx] featureclass in previous year, and create [PPAsh_Area_20yy] 
featureclass in target year 

Here, copy the featureclass of 2014 and create the one of 2015. 
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Open “PPAshArea_2015” table in “OtherSources.mdb” and input [Fugitive ash amount] and [Fugitive PM10 
amount], that is fugitive ash amount by ash pond in [FugitiveAsh_forEmis] sheet of 
“FugitiveAsh_AshPond.xls” to [FugitiveAsh_EJ] and [PM10_EJ] respectively. 
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7.3 Spatial Distribution to the Grid of Emission by Site 
Since the amount of fugitive ash was calculated for each ash pond, when using the emission for simulation, the 
amount of fugitive ash was distributed for each grid. 

The amount of fugitive ash by grid in ash pond is calculated by the following formula. 

Fugitive amount of ash pond by grid 

= Fugitive amount of ash pond x the area of ash pond in a grid / total area of ash pond 

Right-click the query calculated emission by grid for previous year and click [Design View]. Change this 
query name to the one of target year and save as new file. 

Here, open [Q_PPAsh_emis_grid1km_2014] query and save the query as [Q_PPAsh_emis_grid1km_2015]. 

 
 

Click [Show Table] in [Design] tab. 

 
 

Select “PPAshArea_2015” table and click [Add]. 

 
 

Join [ObjectID] column in “PPAshArea_2015” table to [FID_PPAshArea] column in [AshArea_grid1km]. 

Select [ObjectID] column in “PPAshArea_2015” table, drag and drop to [FID_PPAshArea] column in 
“AshArea_grid1km” table, and then these columns are connected by black line. 



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 Mongolia 
Technical Manual 07: Manual for Development and Updating of Emission Inventory 
  

  

SUURI-KEIKAKU CO., LTD. - 194 - 

 
 

Set [table] of [IXIY], [Column_], [Row], [MinX], and [MinY] column as [AshArea_grid1km]. 

 
 

Regarding [FugitiveAsh_EJ_tpy] and [PM10_EJ_tpy] column, set as follows. 

 
 

Click [Make Table] in [Design] 

 
 

Set the table name (Here it is “PPAsh_emis_grid1km_2015”). 
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Right-click the old table and click [Remove Table] (Here it is “PPAshArea_2014” table). 

 
 

Click [Run] in [Design] and create the new table. 

 
 

Click [Yes] and create the table of fugitive amount by grid. 

 
 

7.4 Drawing Emission Distribution Map 
Open template file, click [File]-[Save As], and saved as other name. 
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Join the table of emission by grid to “SO2 Emission” layer 

If the table is already a joined table, select [Joins and Relates]-[Remove Join(s)]-[Remove All]. 

 
 

Right-click “SO2 Emission” layer and select [Joins and Relates]-[Join]. 

 
 

When showing the following dialog, click  button. 
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Select the table of emission by grid to join and click [Add] (Here it is “PPAsh_Inventory_grid1km_2011” 
table). 

 
 

Show the selected table in the dropdown textbox of “2.”. When clicking the dropdown button of “1.” and 
selecting “IXIY”, show “IXIY” in “3.” automatically. After then, click [OK]. 

 
 

If the following dialog may be shown, click [No]. 
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Right-click “SO2 Emission” layer and click [Properties]. 

 
 

Click [Symbology] tab and select [Quantities]-[Graduated colors]. Click and select the target column name at 
the drop down button of [Value] (Here it is [PM10_tpy].). 

 
 

When click [Reverse Sorting] after you right-click on the [Range] column, the display order of rank changes. 
According to the order of symbol color, decide the display order of rank. 

 
 

When double-clicking color in [Symbol] column, since the following dialog is shown, select color. 
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After selecting a rank, click the [Range] of the selected rank and input the maximum of the rank. However, if 
doing [Reverse Sorting], since the input order of rank is reversed, take care in the input order. When all setting 
completed, click [OK]. 

 
 

Click “SO2_tpy” of “PM10_tpy” layer and make it editable and change to “ton/year”. 

 
 

Change the title of this map. Move the cursor to the textbox of title, right-click it, and click [Properties]. 
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Input a title in [Text] (Here it is “SO2 Emission – Ash Pond in Power Plant”.). 

 
 

Update [Layer Name] of [Properties]-[General] tab to “PM10 Emission”. 

 
 

Complete drawing the map by ArcGIS. 
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To export the distribution map to PDF file, click [File]-[Export Map]. 

 
 

Setting the destination and file name and click [Save]. 

 
 

Create the PDF file of distribution map. 
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1 Developing Dispersion Simulation Model 
1.1 Dispersion Simulation Model Used in This Manual  
When grasping the air pollution structure in UB city and the effect of concentration reduction measures, the 
selection conditions of dispersion simulation model are as follows. 

1. This model is recommended in the world 

AERMOD and CALPUFF are specified as recommended models in USEPA. Therefore, one of these 
atmospheric dispersion simulation models is preferred to use. In addition, information such as user 
manual of these atmospheric dispersion simulation models etc. is available from websites. 

2. This model is available at low price 

The budget for conducting the atmospheric dispersion simulation model is limited. Therefore, input 
data, such as meteorological data, terrain data, and the main tool of dispersion simulation model, is 
preferred to be available for free or at low cost. 

3. This model has the linear relation between emission and concentration 

In order to calculate concentration by source, it is preferable to calculate and sum up for each source 
and to calculate only the target source when recalculating. In addition, the calculation time and the 
number of calculations are preferred to be small in order to verify various air pollution control 
measures. 

As a result of selecting the atmospheric diffusion simulation model that meets these conditions, CALPUFF 
Ver 5.8.4 (USEPA recommended model) is used in this manual. Under the condition 2, CALPUFF's program 
and code is available for free from the website and related aerological data, elevation data, land use data also 
are available for free from the website. Under the condition 3, the pseudo-first-order chemical reaction model 
(MESOPUFF II) is used in CALPUFF, and the calculation time and the calculation frequency for verifying the 
control measures are reduced because of the assumption of the linear relation between emission and 
concentration. 

 

1.2 Flow Diagram of Developing and Conducting Dispersion 
Simulation Model, CALPUFF 

1.2.1 Outline of CALPUFF 

Until now, JICA Experts have been utilizing ISC-ST3 model which is not able to consider generation process 
of secondary particles such as chemical transformation. In order to solve this matter, CALPUFF was decided 
for the utilization. CALPUFF was reconstructed as an air dispersion simulation model because CALPUFF is 
able to consider chemical transformation. 

CALPUFF is a model developed by Scire, et al. in 1995 to correspond to advection and dispersion of the 
pollutant by non-steady-state change in an air current in a maritime area and complex geometry. In an air 
current field generated by three dimension air flow model, the advective dispersion calculation of pollutant is 
conducted by using the advective puff. 

The model consists of 3 components: (1) CALMET which generates three dimension air flow model, (2) 
CALPUFF which conducts air quality dispersion model using puff model, and (3) CALPOST which outputs or 
analyzes the calculation result. In addition, this model consists of some sub-module, such as MAKEGEO. 

The basic equation for CALPUFF is as follows. 

𝐶𝐶 = 𝑄𝑄
2𝜋𝜋𝜎𝜎𝑥𝑥𝜎𝜎𝑦𝑦

∙ 𝑔𝑔 ∙ 𝑒𝑒𝑒𝑒𝑒𝑒�−𝑑𝑑𝑎𝑎
2 (2𝜎𝜎𝑥𝑥2)� � ∙ exp�−𝑑𝑑𝑐𝑐

2 �2𝜎𝜎𝑦𝑦2�� � ··········································· (2-1) 
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𝑔𝑔 = 2
(2𝜋𝜋)(2𝜋𝜋)1 2⁄ 𝜎𝜎𝑧𝑧

∙ ∑ 𝑒𝑒𝑒𝑒𝑒𝑒[−(𝐻𝐻𝑒𝑒 + 2𝑛𝑛ℎ)2 (2𝜎𝜎𝑧𝑧2)⁄ ]∞
𝑛𝑛=−∞  ·············································· (2-2) 

Where, 

C: ground-level concentration (g/m3) 

Q: pollutant mass contained in the puff (g) 

σx: standard deviation of Gaussian distribution in the along-wind direction (m) 

σy: standard deviation of Gaussian distribution in the cross-wind direction (m) 

σz: standard deviation of Gaussian distribution in the vertical direction (m) 

da: distance from the puff center to the receptor in the along-wind direction (m) 

dc: distance from the puff center to the receptor in the cross-wind direction (m) 

g: vertical term of the Gaussian equation (m) 

He: effective height above the ground of the puff center 

h: height of the mixed-layer (m) 
 

The summation of the vertical term g expresses multiple reflections of the mixing layer and the ground surface. 
The term g converges to the uniformly mixed limit of 1/h for σz > 1.6 h. In general, puffs within the 
convective boundary layer meet this criterion after few hours from release. 

For a horizontal symmetric puff with σx = σy, the equation (2-1) reduces to: 

𝐶𝐶 = 𝑄𝑄(𝑠𝑠)
2𝜋𝜋𝜎𝜎𝑦𝑦2(𝑠𝑠) ∙ 𝑔𝑔(𝑠𝑠) ∙ 𝑒𝑒𝑒𝑒𝑒𝑒�−𝑅𝑅2(𝑠𝑠) �2𝜎𝜎𝑦𝑦2(𝑠𝑠)�� � ························································· (2-3) 

Where, R is the distance from the center of the puff to the receptor (m), and, s is the distance traveled by the 
puff (m). The distance dependent variables in Equation (2-3) are terms such as C(s) and σy(s). 

 

1.2.2 Flow Diagram of Developing and Conducting Dispersion Simulation Model 
Flow diagram of dispersion simulation with CALPUFF is shown in Figure  1.2-1.  
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Figure  1.2-1 Flow Diagram of Dispersion Simulation with CALPUFF 
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2 Developing Geology Data 
2.1 Collecting and Organizing Elevation Data 
2.1.1 Outline 

Download SRTM30/GTOPO30 Global Data (~900 m, 30 arc-sec) from USGS website1 as elevation data. 

Decompress the downloaded file and use DEM file as input file. 

CALPUFF includes TERREL as elevation data conversion processor. 

Set input file, output file, projection, datum, calculation range, and calculation resolution in TERREL. Output 
elevation data file is used in MAKEGEO processor. 

 

2.1.2 Developing Method 

Download SRTM30/GTOPO30 Global Data (~900 m, 30 arc-sec) from USGS website. In the case of UB city, 
open “e100n90” folder and save “e100n90.dem.zip” to “TERREL” folder. 

 
 

Decompress “e100n40.dem.zip” saved in “TERREL” folder. The file after decompressing is “E100N40.DEM”. 
Open INP file in the folder. 

 
 

                                                        
1 e100n40 and e100n90 in folder of http://dds.cr.usgs.gov/srtm/version2_1/SRTM30/ 
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Set the number of input file as elevation data (NTDF) and output file name (OUTFIL, LSTFIL, PLTFIL). 

 
 

Set input file name of elevation data. [GTOPO30] means the setting format of elevation data. When using the 
data except [GTOPO30], see the list in the figure. Set the input file name at the back of “=”. Don’t forget to 
input “!END!” because of mandatory word. 

 
 

Set the datum of elevation data. When input data is [GTOPO30], set ”WGS-84”. When using the other data, 
see the list in the following figure. 
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Set the projection of output data (PMAP). “UTM” is set in this case. UTM is the projection that earth is 
divided into 60 zones every longitude 6 degrees. Therefore, set the zone that target city located (IUTMZN). 
UTM zone in UB city is “48”. 

 
 

Set the datum of output data (DATUM). “WGS-84” is set in this case. 
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Set the grid type of output (IGRID), reference point coordinates for grid of output at lower left corner 
(XREFKM, YREFKM), the number of grid (NX, NY), and grid spacing (DGRIDKM). 

 
 

Move the “TERREL” folder in command prompt, input “terrel.exe <input file name>.INP”, and press [Enter] 
(Here it is “TERREL_UB.INP”). 
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When showing “TERMINATION PHASE” message and completing calculation, you check to make output 
files. Output file is ”TERR1KM_UB.DAT” in this case. 

 
 

2.2 Collecting and Organizing Land Use Data  
2.2.1 Outline  

Download USGS Land Use/Land Cover Scheme of “Lambert Azimuthal Equal Area Projection (Optimized for 
Asia)” from USGS website2 as land use data. 

Decompress the downloaded file and use IMG file as input file. 

CALPUFF includes CTGPROC as land use data conversion processor. 

Set input file, output file, projection, datum, calculation range, and calculation resolution in CTGPROC. 
Output land use data file is used in MAKEGEO processor. 

 

2.2.2 Developing Method 

Download ”eausgs2_0la.img.gz” from USGS website. 

                                                        
2 Eurasia Land Cover Characteristics Data Base Version 2.0 
http://edcftp.cr.usgs.gov/project/glcc/ea/lamberta/ 
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Decompress compressed file saved in “CTGPROC” folder. Open INP file in the folder. 

 
 

Set the number of input file as land use data (NDBF) and output file name (LUDAT、RUNLST). 
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Set input file name of land use data. [GLAZAS] means the setting format of land use data. When using the 
data except [GLAZAS], see the list in the figure. 

 
 

Set the datum of input data. Since input data is ”USGS Global (Lambert Azimuthal) for Eurasia – Asia” in this 
case, check whether [DUSGSLA] is ”ESR-S”. 

 
 

Set the same projection of output data as “TERREL” (PMAP etc.). 
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Set the datum of output (DATUM), the grid type of output (IGRID), reference point coordinates for grid of 
output at lower left corner (XREFKM, YREFKM), the number of grid (NX, NY), and grid spacing 
(DGRIDKM). These items have to be the same setting as “TERREL” 

 
 

Move the “CTGPROC” folder in command prompt, input “CTGPROC.exe <input file name>.INP”, and press 
[Enter] (Here it is “CTGPROC_UB.INP”). 



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 Mongolia 
Technical Manual 08 Manual for Conducting and Updating of Dispersion Simulation 
  

  

SUURI-KEIKAKU CO., LTD. - 12 - 

 
 

When showing “TERMINATION PHASE” message and completing calculation, you check to make output 
files. Output file is ”LULC1KM_UB.DAT” in this case. 

 
 

2.3 Developing Geological Data  
2.3.1 Outline  

Geological data is made by using elevation data made in “TERREL” and land use data made in “CTGPROC”. 

CALPUFF includes MAKEGEO as processor to combine elevation data and land use data. 

Set input file, output file, projection, datum, calculation range, and calculation resolution in TERREL. Output 
geological data file is used in CALMET processor. 

 

2.3.2 Developing Method 

Open INP file in “MAKEGEO” folder. 
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Set input file (LUDAT, TERRDAT) and output file name (GEODAT, RUNLST). 

 
 

Set the same projection as “TERREL” etc. (PMAP etc.). 
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Set the datum of output (DATUM), the grid type of output (IGRID), reference point coordinates for grid of 
output at lower left corner (XREFKM, YREFKM), the number of grid (NX, NY), and grid spacing 
(DGRIDKM). These items have to be the same setting as “TERREL”. 

 
 

Move the “MAKEGEO” folder in command prompt, input “makegeo.exe <input file name>.INP”, and press 
[Enter] (Here it is “makegeo_UB.INP”). 
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When showing “TERMINATION PHASE” message and completing calculation, you check to make output 
files. Output file is ”geo1km_ub.dat” in this case. 
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3 Converting Meteorological Data 
3.1 Converting Surface Meteorological Data 
3.1.1 Outline 

CALPUFF includes SMERGE as surface meteorological data conversion processor. 

Preparing surface meteorological data is converted into the format of input data in SMERGE 

SMERGE format is limited to 6 types such as CD144, NCDC SAMSON, NCDC HUSWO, ISHWO, TD3505, 
and TD9956 and these are the format of NCDC3. Among them, surface meteorological data created in the 
format of TD 3505 is available from NOAA’s website. However, if there is missing in the data, it is necessary 
to make assumptions based on the data before and after. 

Set input file, output file, calculation period, and input file format (TD3505) in SMERGE. The output surface 
meteorological data file is used by the CALMET processor. 

 

3.1.2 Obtaining Surface Meteorology Data 

Obtain surface meteorological data formatted by TD3505 after accessing NOAA's website4 and selecting the 
target year's folder. The detailed format of the data is described in “isd-lite-format.pdf”. 

 
 

Obtain the surface meteorological data of target city. Code is specified by city 5  and code of UB city 
is ”442920”. 

                                                        
3 the U.S. National Climatic Data Center 
4 ftp://ftp.ncdc.noaa.gov/pub/data/noaa/isd-lite 
5 http://rda.ucar.edu/datasets/ds353.4/inventories/station-list.html 
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Copy all data after opening “442920-99999-2015.gz”. 

 
 

Paste to editor and save as the new name. Interpolate the mission data using the before and after data. 

 
 

3.1.3 Developing Method 

Open INP file in “SMERGE” folder. 
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Set the number of input file as surface meteorological data (NFF) and output file name (SURFDAT, RUNLST). 

 
 

Set input file name of surface meteorological data (SFCMET), monitoring station number (IFSTN), and time 
zone (XSTZ). When using the surface meteorological data in the format of TD3505 or TD9956, since the time 
of them use UTC, time zone is set as “0”. 
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Set the start date and time and the end date and time (IBYR, IBMO, IBDY, IBHR, IEYR, IEMO, IEDY, and 
IEHR) and time zone (XBTZ). When setting time zone, when going to the west, this value is positive and 
when going to the east, this value is negative. Therefore, set “-8” in Mongolia. 

 
 

Set the file format of surface meteorological data. 
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Move the “SMERGE” folder in command prompt, input “smerge.exe <input file name>.INP”, and press 
[Enter] (Here it is “SMERGE_UB.INP”). 

 
 

When showing “TERMINATION PHASE” message and completing calculation, you check to make output 
files. Output file is ” ubmet_201003to201102.dat” in this case. 
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3.2 Converting Aerological Data 
3.2.1 Outline 

Aerological data is available from “NOAA/ESRL Radiosonde Database” 6. 

When setting target term, the unit of wind speed, monitoring station, and output format, show the data 
according to this setting. Set target term in UTC (Coordinated Universal Time). UTC is the value by 
subtracting eight hour from Mongolian time. After copying all displayed data, paste them to the text editor 
such as Notepad, and save as new file. This extension sets “.fsl”.  

CALPUFF includes READ62 as aerological data conversion processor. 

Set input file, output file, calculation term, and input file format in READ62. Output aerological data file is 
used in CALMET processor. 

 

3.2.2 Obtaining Aerological Data 

Visit “NOAA/ESRL Radiosonde Database” website and set target term. Date and time of aerological data is 
UTC, so considering the time-zone difference, set target term so that it covers the target term specified by 
SMERGE. Set the unit of wind speed to “Tenth of Meters/Second” 

 
 

Set country (MN=Mongolia) and file format (Original FSL Format). 

                                                        
6 http://www.esrl.noaa.gov/raobs/ 

http://www.esrl.noaa.gov/raobs/
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Select target monitoring station and click [Get Radiosonde Data] 

 
 

Aerological data in target term is displayed. Select all data by pressing Ctrl+A and press Ctrl+C or select 
“copy” after right-clicking. 
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Paste the copied data to Notepad or text editor and save as this file as new file in “READ62” folder. 

 
 

3.2.3 Developing Method 

Open INP file in “READ62”. 
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Set input file (INDAT) and output file name (UPDAT, RUNLST). 

 
 

Set the start date and time and the end date and time (IBYR, IBMO, IBDY, IBHR, IEYR, IEMO, IEDY, and 
IEHR). Date and time of aerological data is UTC, so considering the time-zone difference, set target term so 
that it covers the target term specified by SMERGE. 
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Set the format of aerological data (JDAT). 

 
 

Set the top pressure of output aerological data (PSTOP). 
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When extrapolating missing data with preceding and succeeding data, set the flag of extrapolation (LXTOP) to 
“T” and set the top value for extrapolation. 

 
 

Move the “READ62” folder in command prompt, input “READ62.EXE <input file name>.INP”, and press 
[Enter] (Here it is “R62_UB2.INP”). 
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When showing “TERMINATION PHASE” message and completing calculation, you check to make output 
files. Output file is ”up_ub2.dat” in this case. 

 
 

3.3 Developing Meteorological Model 
3.3.1 Outline 

Meteorological model file is made by using geological data made in “MAKEGEO”, surface meteorological 
data made in “SMERGE”, and aerological data made in “READ62”. 

CALPUFF includes CALMET as processor to make meteorological model file. 

Set input file, output file, calculation term, projection, datum, calculation range, and calculation resolution in 
CALMET. These settings have to be the same setting as “MAKEGEO”, “SMERGE”, and “READ62”. Output 
meteorological model file is used in CALPUFF processor. 

 

3.3.2 Developing Method 

Open INP file in “CALMET” folder. 



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 Mongolia 
Technical Manual 08 Manual for Conducting and Updating of Dispersion Simulation 
  

  

SUURI-KEIKAKU CO., LTD. - 28 - 

 
 

Set input file other than aerological data (GEODAT, SRFDAT), output file name (METLST, METDAT), and 
the number of aerological data file (NUSTA). 

 
 

Set input file name of aerological data (UPDAT). 
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Set the start date and time a (IBYR, IBMO, IBDY, and IBHR), time zone (IBTZ), and length of run (IRLG). 

 
 

Set the projection of output data (PMAP etc.). 
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Set the datum of output data (DATUM). 

 
 

Set reference point coordinates at lower left corner of grid (XREFKM, YREFKM), the number of grid (NX, 
NY), and grid spacing (DGRIDKM). In addition, set the number of vertical grid and the height to divide the 
grid (ZFACE). 
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Set the name of surface meteorological data (NAME), monitoring station ID (ID), the location of monitoring 
station (X coord., Y coord.), time zone (Time zone), and elevation (Anem. Ht.). 

 
 

Set the name of aerological data (NAME), monitoring station ID (ID), the location of monitoring station (X 
coord., Y coord.), and time zone (Time zone). 
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Move the “CALMET” folder in command prompt, input “CALMET.exe <input file name>.INP”, and press 
[Enter] (Here it is “CMET_UB2.INP”). After starting the calculation, ”Processing Year, Day, Hour: <Year>  
<Month>  <Hour>” is displayed and you can check the progress. 

 
 

When showing “TERMINATION PHASE” message and completing calculation, you check to make output 
files. Output file is ”cmet_ub2.dat” in this case. 
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3.3.3 Treatment in Error Message 

When CALMET is executed, the following situation may occur. In that case, the data created so far may have 
error, so it is necessary to go back to the former processor and modify the data. 

 

In the case that execution ends without "TERMINATION PHASE" message. 

Error information may be written in the LST file that is created when it is executed. Therefore, open LST file 
and look for the description part of error. 

 
 

In the following cases, there is a grid of water in the land use grid file and it is a message that at least sea 
surface meteorological data is necessary. However, since Mongolia does not have sea and sea surface 
meteorological data, interpolate grid of water with the surrounding land use data to eliminate the error. 

 

 
 

Although the above-mentioned correction was conducted, since the situation did not change, open and check 
LST file. 
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This error message is the message on the surface meteorological data. In this case, this message means that 
ceiling height data is missing at all observation stations and this data at least one station has to exist. It is 
preferable to have surface meteorological data that can be interpolated, but if there is no data, it is necessary to 
interpolating with the data measured at the nearest time to eliminate the missing data. The meteorological 
items whose data need to exist in at least one station are the ceiling height, cloud cover, the surface 
temperature, relative humidity and sea level pressure. 

 
 

When executing SMERGE, interpolate the data so that the number of missing data becomes 0 as shown on the 
right. The left figure is the calculation result before interpolating data, and the missing number is counted for 
each item. 

 
 

Although executing again after the above correction, the following error message and information on where 
the error occurred in the program code is displayed. In this case, this message means that error has occurred in 
line 20184 of “calmet.for” and the subroutine in which the error occurred is “rdup”. 
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In this case, open “calmet.for” in “CODE” folder with editor and check cause of error. 

 
 

“rdup” is the subroutine that reads aerological data and it can be seen that an error has occurred in the part 
where input data is read. 

 
 

The aerological data created in “READ62” is interrupted by the line beginning with "-> -> ->", so this line 
may cause the error. Therefore, after searching for the line starting with "-> -> ->", interpolate and correct the 
original data before executing “READ62” in order to fix the error message so that "-> -> ->" disappears. 
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