31

Figure 8. Soil scaling factors used for 1990, 1994, and 1998 based on data from the
Land Development department from 1998.
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Table 11. Scaling factors for the relative increase (or decrease) in methane
emission rate due to different organic amendments compared with
control sites (based on field research conducted in Thailand).

. Estimated
Type & Amount applied Scaling Reference
(tons /ha) P
actor
Azolla 0.625 1.446 Chareonsil et al. 1996
Compost 6.250 6.515 Chareonsil et al. 1996
Compost 2.069 2.250 Wanichpongpun 1993
Green Manure 30.000 13.390 Jermsawatdipong et al. 1994
Green Manure 12.500 4.312 Charoensil et al. 1996
Rice Straw 2.000 12.850 Jermsawatdipong et al. 1994
Rice Straw Burned  12.500 1.190 Chareonsil et al. 1996
Rice Straw Compost 3.100 0.686 Jermsawatdipong et al. 1994

3.6 Correction factors for rice area

Correction factors were calculated using the differences between the

area estimated for rice growing between the DLD and the OAE. Correction factors
were applied at the province or at the country levels. For example, in 1998 the OAE
estimated paddy area for Lopburi province was 173,209.8 ha while the estimate from
DLD (1998) was 197,530.4 ha. Therefore, paddy area from OAE data was divided
by paddy area from DLD to obtain a correction factor of 0.877 for Lopburi province.
Other provinces were calculated using the same method. At the country level, the
average estimated paddy area from the OAE for 1998 was divided by the 1998
estimate of paddy area from DLD (10,197,267.20 ha/14,137,525.52 ha = 0.721).

3.7 Estimated methane emissions for the country

For 1990, 1994, and 1998, total emission for the whole country based on our
minimum, median, and maximum scenarios ranged from 0.530 to 7.503 Tg/year,
with 1998 having the lowest estimates for all scenarios and 1990 the highest (see
Table 12).

For comparison we also examined how our estimates contrasted with the
IPCC’s older, 1995 methodology using 6.25 and 3.75 kg methane / ha /day for
continuously flooded and rainfed systems default values. With the older values
together with 1994 and 1998 data we estimated yearly values > 4 Tg/year, similar to
those obtained by TEI (1997) for 1990.



Table 12. Predicted annual emissions (Tg/yr) from Thailand. (see text and Table 4

for detailed assumptions of scenarios).

Scenario
Year
Minimum Median Maximum
1990 0.821 3.417 7.503
1994 0.746 3.356 7.503
1998 0.530 2.459 5.491

3.8 Estimated emission rates summarized by province

Emission rates varied considerably among provinces, among years and
among scenarios. For 1990 and 1994, the highest per province emission rate for all
scenarios was from Phra Nakhon Si Ayudhya, which ranged from 26.763 to 65.208
g/m’/year (see Table 13). For 1998, Samut Prakarn province had the highest rates
under the minimum scenario (14.954 g/m?*/year) and Phatthalung had the highest
rates under the median and maximum scenarios (22.251 and 48.794 g/m®/year; see
Table 13 and Figures 8-10). Overall Phra Nakhon Si Ayudhya had the highest
average for all scenarios for all years (37.057 g/m’/year), while Ranong had the
lowest (3.027 g/m’/year) primarily because the 1990 and 1994 OAE database
indicated that no significant amounts of rice were grown in the province.

Software for calculating methane emissions from rice fields (see software and
manual [in Thail]).

The enclosed software can be used to summarize total methane emissions and
emission rates at the province and country level. These results can also be output to
MS Excel or similar program for further analysis. The software was designed so that
it could use additional scaling factors not used in this project such as rice variety,
planting methods, etc. It was also designed to be updated to include new rice-
growing area estimates, soil types, organic amendments, and other standard factors,
when such data becomes available. However, the program was written by one
programmer therefore it is relatively simple as opposed to a very expensive and
sophisticated program produced by a team of programmers, and does not include a
graphical interface, or a direct GIS component. Nevertheless, output from the
software can be easily imported into a GIS such as ArcView and therefore can
provide a quick tabular estimates with additional graphical support (see software).
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Figure 9. Distribution of estimated emissions (g methane / m* / year) using the minimum
scenario from 1990 data.
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Figure 11. Distribution of estimated emissions (g methane / m* / year) using the minimum

scenario from 1998 data.
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IV. SUMMARY OF RESULTS AND DISCUSSION

We found that water regime, soil properties, and organic fertilizer use are likely to
have the most influence on emissions at a country-wide scale. In other words, although
factors such as rice variety and chemical fertilizer use can have significant impacts at the local
level, it is not clear at this time whether these factors would have a significant impact on
country-wide emissions. Furthermore, at the time this research was conducted detailed field
data on where different rice varieties were grown and the effects of different varieties on
emission rates was not available for Thailand. Therefore because there was so much
uncertainty in the data layers already we believed that no additional precision would be
gained by adding addition factors of unknown precision.

Based on our review of all published (and some unpublished) field experiments
conducted in Thailand (up until the year 2000) on continuously flooded fields (but without
organic amendments applied), we calculated a standard emission rate of 23.236 g/m*/season.
More importantly, this estimate was similar to the IPCC default value for continuously
flooded fields (20 g/m?*/season), suggesting that the IPCC value is a reasonable estimate for
this ecosystem in Thailand. For other ecosystems, the field data from Thailand was usually
not adequate.

For example, the one field experiment in continuously flooded system using multiple
aeration (there were no experiments examining single aeration) gave a higher than expected
scaling factor (0.369) compared to the mean of 0.2 from the IPCC. However, even if we
thought this estimate was more accurate than the IPCC, we had no cultural practice
information as to where or how frequently multiple aeration is used, and thus could not
incorporate it into the GIS database.

For deep water systems (50 — 100 cm depth; no data was available for water depths >
100 cm) the scaling factor was 0.577, which was slightly lower than minimum (0.6) and well
below the mean of 0.8 estimated by the IPCC. Although we used this factor for all our
scenarios, it was only based on one set of experiments.

The average emission from the upland system of 5.29 g/m”/season, also based on one
set of experiments, was difficult explain as true upland system are normally assumed to have
no net emissions because of the general lack of anaerobic conditions.

For rainfed systems (flood prone fields only, no data was available for drought prone),
again our sample of available studies was small (three), which were probably conducted on
soils or other combination of conditions that produced high emission rates. Consequently the
average was well above the average for continuously flooded fields. Without more
experiments using rainfed systems, it is difficult to assess what the true scaling factor should
be for Thai rainfed systems, but it should be less than one. Thus, while it appears that [PCC
standard emission rates for continuously flood systems seem adequate for Thailand, it was not
possible evaluate other IPCC values for other ecosystems due to the lack of local data.

4.1 Estimated methane emissions for the country

Based on this study, methane emission for the whole country ranged from 0.530 to
7.503 Tg/year. The highest province-level emission rates ranged from 14.954 to 65.208
g/m*/year depending on the year and the scenario. Although there was little difference at the
province level between 1990 and 1994, there was significant variation in emission rates
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among years within some provinces, probably do to differences in paddy area estimates
from the two DLD, GIS databases (1990 and 1998). (Since this study combined paddy areas
from dry and wet seasons, the unit of emission per season is equivalent to emission per year.).

The total emissions estimated for Thailand from this study was similar to previously
reported estimates although generally lower than those using older IPCC defaults and
methods. TEI (1997) using the 1990 crop-year data and IPCC (1995) emission factors and
techniques estimated 4.534 Tg/year; while using local emission factors they predicted the
yearly emissions were 1.701 Tg. Using 1994 and 1998 and IPCC (1995) methodology and
defaults we estimated yearly values also > 4 Tg/year. Extrapolated from actual methane
emission data measured in the field in 1991, Jermsawatdipong et al. (1994) estimated an
emission rate of between 3.42 to 9.16 Tg/year.  Karnchanasoonthorn (1993) and
Teawyeanyong (1993) estimates ranged from 0.39 to 6.89 and 1.22 to 5.5 Tg/year,
respectively. Sukpinit (1995) estimated that emissions ranged from 2.5 to 3.8 Tg/year.
Jermsawatdipong et al. (1999) estimate, based on actual data measured from experiments
conducted in 1999 was 2.26 Tg/year. However, a more recent estimate by Matthews et al.
(2000) using processed-based models and GIS techniques suggested a range of 0.14-0.42
Tg/year. It is our opinion that current, actual yearly emission lies somewhere between our
minimum estimate 0.53 Tg/year (which we believe is too low because drought prone rainfed
systems are likely to have some emissions [not zero], rainfed, flood prone systems probably
behave similarly to continuously flooded system, and that the OAE database underestimates
the amount of rice grown), and our median estimate 2.459 Tg/year (which we believe is too
high because the effects of organic amendments is likely to be less than we predicted). We
also believe that our 1998 data to be more representative of current emissions than the 1990
data.

4.2 Value of the software

Software was developed to estimate total emissions and emission rates at the province
level and output estimates for each Thai province and for the entire country based on existing
databases (see attached software and manual [in Thai]). This can be used to quickly estimate
emissions using the most update data available, including additional factors such as cultivar
variety, chemical fertilizer use, spatial attributes of organic fertilizer, etc.

4.3 Discussions and suggestions

Lack of field data for the most common rice ecosystems: Although this
problem is slowly being corrected, one of the largest limitations of the data currently available
for Thailand (and other countries) is the lack of field data for rainfed systems or estimates
from standard field practice, rather than from highly controlled fields in rice research stations.
This is particularly important because at least 70 % of the paddy area in Thailand is rainfed
(Huke and Huke 1997, OAE, 1998).

4.4 Need for accuracy assessments for important databases

Databases still vary widely in their estimates of even the most basic parameters,
particularly because data has been collected or aggregated at different scales. Thus, estimates
of the percentage of each rice ecosystem that makeup the total rice production area, also differ
significantly. For example, OAE (1994) estimated that ~24% of harvesting area was
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irrigated, while Huke and Huke (1997) estimated ~10%. This is mostly because rice
systems are difficult to precisely measure and different organizations have different
definitions for the same rice ecosystem, (IPCC defines “deepwater systems” as those areas
flooded over 50 cm, whereas Huke & Huke, defines it as flooded > 100 cm). Furthermore,
land use maps do not specify the type of rice ecosystem for different locations other than the
Huke and Huke database, which were relatively course and somewhat outdated. However,
satellite-based maps developed by Eiumnoh et al. (Final Report to TRF) should help solve
these problems.

Methane emissions are very sensitive, however, to the description of substrate supply
(both from the soil and from organic fertilizers). Unfortunately, this description also
represents a main uncertainty, and therefore uncertainty in methane emission estimates will
thus remain large as long as these processes are not well quantified (van Bodegom et al.
2000).

4.5 Lack of data regarding organic amendments

At the time this research was conducted there was a lack of data in regard to
application of organic amendments. Currently, there is now at least unpublished data
quantifying organic fertilizer use for much of the country (Jermsawatdipong et al. unpubl.
data). This new data suggests that organic fertilizer application is relatively limited and is
mainly used in northeastern parts of the country. Thus, it is highly likely that the total
emissions are probably between our minimum estimate (0.530 Tg/year) and median (2.459
Tg/year) as stated above (Summary of results and Discussion Section 1.3). More detailed
estimates by Matthews et al. (2000) using processed-based models and GIS techniques also
suggested an even lower estimate (0.14-0.42 Tg/year), but we feel that these are probably
unrealistically low.

4.6 Need for increased cooperation and accuracy assessments for the
development and use of GIS databases

Increasing the accuracy of estimated methane emission using GIS depends upon the
available data. The most powerful aspect of GIS is its ability to overlay layers of data, but
data from different government sources often were difficult to overlay. There is clearly a
greater need for different government and other GIS labs to cooperate and share data
whenever possible. Also, greater attention should be paid to accuracy assessments and data
documentation. Accuracy information could greatly enhance the quality of results derived
from the data and greatly assist in the improvement future data collection techniques related
to land use. All the major data sets, including land use, soil, rice production, and irrigation
details should be assessed for accuracy using a combination of field checks and remote
sensing; this would have a significant impact on research that uses the data and would help
elucidate future data collection needs.

4.7 Need for complex, process-based models

Our methods described here are highly simplified, and may be less accurate than
newer and/or more complete process models (although most models still have a significant
amount of uncertainty). Also, empirical models such as ours provide less explanation of the
underlying variation/uncertainties than process models. Specifically, extrapolation of field
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records has various uncertainties due to the interactive effects of management practices
(namely, water regime and organic inputs) and weather and soil data. Therefore, a more
mechanistic understanding is needed to enable more reliable translation of data from field
sites to the whole country, such as using models DNDC (Li et al. 1992) or MERES (Matthews
et al. 2000).

4.8 Suggested future directions

We believe that it would be useful for future researchers in Thailand to focus on model
validation and testing, including sensitivity analysis using available databases and process
models. Finally, comprehensive testing and validating current soil databases would also be
highly valuable as mentioned above.
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Appendix

Publications:

Smakgahn, K., S. Towprayoon, and G. A. Gale. 2001. Estimating methane emissions from

rice fields using emission factors and geographical information systems (GIS). Asian
Journal of Energy & Environment 2: 7-32.

Other outputs

1 M.Sc. student, Ms. Kruamas Smakgahn (Division of Environmental Technology, KMUTT),
received her M.Sc. degree from her work on this project



Outcomes

Planned Activities versus actual activities
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Activities (Plan)

Expected
results

Results

Remarks

1. Prioritize
selected (some)
environmental
factors and cultural
practices that
influence CH4
emissions from rice
fields of Thailand,
and quantify and
input this data in a
geographical

Information for
some influence
factors will be
made available
in a GIS format.

Based on the
literature  review,
water regime, soil
properties, and
organic amendment
usage were
considered  most
important
variables. The
IPCC (1997)
system was used to

Spatial data for different
rice ecosystems was not
available, thus  scaling
factors were estimated for
each province. Organic
fertilizer data was also not
available in spatial format,
thus we used a range of
scores for scaling factors
(scenarios) to input into the
GIS.

information system quantify the
(GIS). relative importance

of the different

factors.
2.  Aggregate the | Emission rate | Emission rates and | More field data for rainfed
data in the GIS to | and total yearly | total yearly | ecosystems and maps of
obtain national | emission for | emission for each | specific rice ecosystems
estimates of CHy |each province | province and all of | would help make the total
emissions from rice | and  all  of | Thailand was | estimates more precise.
fields using emission | Thailand will be | calculated for
factors and scaling | calculated. 1990, 1994, and
factors and compare 1998.

these results with
those using the
d e faul't
Intergovernmental
Panel On Climate
Change (IPCC)
methodologies
(IPCC 1995, 1997)
for the years 1990,
1994, and 1998.




Planned Activities versus actual activities (con’t)
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Activities (Plan) Expected Results Remarks
results
3. Develop easy-to- | To develop | The software can | As mentioned above the
use software for | software that | estimate total | quality of the output from
inputting and | could estimate | emissions and | the software depends on the
updating data for | total emissions | emission rates at | quality of the input
obtaining new and [ and  emission | the province level | databases
improved estimates | rates at  the | and output
of CH; emissions | province level | estimates for each
from rice fields. and output | Thai province and
estimates for | for the  entire
each Thai | country based on
province and for | existing & future
the entire | databases. The
country  based | software can be
on existing & | modified and
future databases. | additional data
added for different
years, as well as

additional
influence  factors,
such as rice variety,
planting  method,
etc. The software
can output data in a
format, which can
be further,
manipulated or
analyzed in a
spreadsheet
program such as
Microsoft Excel or
a GIS.




