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CHAPTER  9

THREE-DIMENSIONAL SIMULATIONS OF THE MEAN AIR MASS

TRANSPORT DURING THE 1997 FOREST FIRES

IN KALIMANTAN, INDONESIA

Comparisons between the analyzed and model simulated streamlines and wind speeds of

96 hours of integration obtained from the PSU-NCAR MM5 are first presented. Finally,

backward and forward trajectories are discussed to evaluate the flow fields at various

levels of the atmosphere.

9.1 Streamlines and Wind Speeds

Figures 9.1a-b display the analyzed and day-1 simulated streamlines and wind speeds at

850 hPa over the CGM domain for 00 UTC 22 September 1997. The model generally

simulates the main features of the southwest monsoon flows reasonably well. These

features include the easterly winds over the southeastern Indian Ocean and the cross-

equatorial flows characterized by the deflected southeasterly winds to the southwesterly

winds in the equator. Moreover, simulated wind speeds are also in the same range with

the analysis. On the other hand, high-pressure systems located over Philippines and the

South Chine Sea to the west of Brunei are not simulated well. The forecast skills are

provided in Table 9.1. The model’s BIAS and RMSE values for U and V components are

generally low and the CORR values are high indicating the ability of the model in this

simulation. Figures 9.2a-b show the analyzed and day-1 simulated streamlines and wind
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Figure 9.1.  a) The analyzed and b) day-1 simulated streamlines and wind speeds for 00 UTC 22 September 1997 at 850 hPa
                    in the CGM domain.
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Table 9.1.  Forecast skill statistics for the mean air mass transport case.

Mean (ms-1) BIAS RMSE CORRDate Var.

ANL MM5
(ms-1) (ms-1)

U -3.1 -2.2 0.9 2.9 0.8900 UTC
22 Sep 97 V 1.3 1.3 0.0 2.1 0.77

U -3.8 -2.2 1.4 3.2 0.8500 UTC
23 Sep 97 V 0.6 1.1 0.5 2.5 0.67

U -4.2 -2.2 2.0 3.5 0.8200 UTC
24 Sep 97 V 1.3 1.9 0.6 2.9 0.54

U -3.5 -1.4 1.9 3.4 0.8300 UTC
25 Sep 97 V 0.9 1.5 0.6 2.7 0.66
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Figure 9.2.  As in Fig. 9.1, except in the FGM domain.
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speeds at 850 hPa over the FGM domain. A small improvement in the prediction of wind

directions and wind speeds is gained as the model’s resolution increased.

Figures 9.3a-b display the analyzed and day-2 simulated streamlines and wind

speeds at 850 hPa over the CGM domain for 00 UTC 23 September 1997. The model

simulates stronger easterly winds over the southeastern Indian Ocean and weaker

southwesterly winds over the western Pacific Ocean. These are in close agreement with

the analysis. Yet, the high-pressure system near the west coast of Brunei is missing in the

simulation and wind speeds over the eastern part of Indonesia are not accurately

simulated. These strongly affect the forecast skills, i. e., increasing the BIAS and RMSE

values and decreasing CORR values of both U and V components.

Figures 9.4a-b display the analyzed and day-3 simulated streamlines and wind

speeds at 850 hPa over the CGM domain for 00 UTC 24 September 1997. The low-level

flow analysis indicates that easterly winds particularly over Kalimantan, Java, and

Sumatera become the southeasterly winds. On the other hand, the model can not handle

these changes. The forecast skills appear to be lower especially for V component.

 Figures 9.5a-b display the analyzed and day-4 simulated streamlines and wind

speeds at 850 hPa over the CGM domain for 00 UTC 25 September 1997. Although the

mean circulations can be simulated reasonably, the wind speeds over the southeastern

Indian Ocean are slightly overestimated, while those over the western Pacific are

underestimated.  An increase in the overall CORR values for U and V components is

gained during this period.
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Figure 9.3.  As in Fig. 9.1, except for 00 UTC 23 September 1997.
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Figure 9.4.  As in Fig. 9.1, except for 00 UTC 24 September 1997.
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Figure 9.5.  As in Fig. 9.1, except for 00 UTC 25 September 1997.
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9.2 Trajectory Analysis

Figure 9.6 displays the backward trajectories ending in Malaysia and Singapore at

00 UTC 25 September 1999 at 900 hPa. Backward trajectories are used to identify the

source of air masses classified as polluted air. In general, air parcels arrive in Malaysia

and Singapore at 900 hPa coming from east Kalimantan at 800 hPa. Because of strong

persistently low-level easterly winds (with amplitude 6-7 ms-1), transport from 116°E to

102°E takes place in only four days. Figure 9.7 illustrates the backward trajectories

ending in Malaysia and Singapore at 00 UTC 25 September 1999 at 850 hPa. Air masses

from Sarawak and the South China Sea at 800 hPa arrive in Malaysia at 850 hPa.

Meanwhile, plumes from east Kalimantan make their way to Singapore.

Figure 9.8 displays the backward trajectories ending in Brunei at 00 UTC 25

September 1997 at 900 hPa. It is shown that smokes plume and haze in Brunei generally

come from the Maluku Sea and the Sulawesi Sea at 800 hPa moving with the

northeasterly/southeasterly winds. Figure 9.9 shows the backward trajectories ending in

Brunei at 00 UTC 25 September 1997 at 850 hPa. These trajectories are similar with

those ending at 900 hPa.

These four figures illustrate that the long-range transports involve the whole depth

of the troposphere. Moreover, the large-scale subsidence and dry atmosphere associated

with the 1997/98 ENSO event cause aerosol and pollutants originated from the upper

troposphere to move downward rapidly to the surface.

Figure 9.10 shows forward trajectories starting at 00 UTC 21 September 1997

from east and south Kalimantan at 900 hPa. Forward trajectories are used to determine

the general paths of air masses from a particular location. Trajectories from east and



Backward Trajectory - Ending : 00 UTC 25 September 1997

Figure 9.6.  Backward trajectories ending at 00 UTC 25 September 1997 at 900 hPa
                    in Malaysia and Singapore.
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Backward Trajectory - Ending : 00 UTC 25 September 1997

Figure 9.7.  Backward trajectories ending at 00 UTC 25 September 1997 at 850 hPa
                    in Malaysia and Singapore.
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Backward Trajectory - Ending : 00 UTC 25 September 1997

Figure 9.8.  Backward trajectories ending at 00 UTC 25 September 1997 at 900 hPa
                    in Brunei.
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Backward Trajectory - Ending : 00 UTC 25 September 1997

Figure 9.9.  Backward trajectories ending at 00 UTC 25 September 1997 at 850 hPa
                    in Brunei.

207



Forward Trajectory - Starting : 00 UTC 21 September 1997

Figure 9.10.  Forward trajectories starting at 00 UTC 21 September 1997 at 900 hPa
                     in east and south Kalimantan.
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south Kalimantan in general arrive in Malaysia as well as Singapore and terminate in the

South China Sea at 00 UTC 25 September 1997. Figure 9.11 shows forward trajectories

starting at 00 UTC 21 September 1997 from east and south Kalimantan at 850 hPa. It is

evident that the flow paths of plume from the higher altitudes disperse in wide latitudinal

area from Thailand to the southern Indian Ocean.

These two illustrations show that pollutants released near the surface are quickly

mixed up to the top of the boundary layer due to turbulent motions and are usually

confined to the boundary layer due to lack of mixing in the inversion layer above. The

PBL height varies with time and space. However, under the influence of large-scale

subsidence and low-level divergence the boundary layer height becomes shallow. This

condition causes pollutant trapped in the boundary layer.

In summary, synoptic-scale winds and turbulence are the primary mechanisms

responsible for transporting air pollutants and aerosol during forest fires in Kalimantan

between 00 UTC 21 September to 00 UTC 25 September 1997. These winds are

generally easterly/southeasterly driven by the synoptic pressure gradient between the

Indonesian-Australian regions and South Asia. The transport of air masses is reasonably

well coupled with mean flows through the lower and upper troposphere. Since there are

large-scale subsidence and no precipitating clouds, there is no removal of aerosols

through precipitation.



Forward Trajectory - Starting : 00 UTC 21 September 1997

Figure 9.11.  Forward trajectories starting at 00 UTC 21 September 1997 at 850 hPa
                     in east and south Kalimantan.
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