Forest fire severity estimation for the 2017 Kamaishi forest fire 
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Abstract
The 2017 Kamaishi forest fire occurred for 14 days from 8th till 22nd May 2017 and the total burnt area was 413 ha which is greater than the total burnt area for the whole Japan in 2016. This burnt area was estimated based on burnt and unburned area. However, in the burnt area itself, there were differences of fire severity observed. The objective of this research was to estimate the fire severity in this burnt area using Normalized Difference Vegetation Index (NDVI) and post fire observations of stem-bark char height, and crown scorch height, . The results shows that NDVI and  has stronger relationship than  suggesting both are sensitive towards fire severity on leaves while  is related to fire severity on stem-bark.
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1. Introduction
 Forest fire occurs annually in developed and developing countries. Between 2010 till 2014, forest and field fire are reported annually with an average of 1635 cases and an average annual loss at approximately 576 million yen (Statistic Bureau Japan, 2018). Forest fire causes not only economic loss but also losses of animals’ habitat and food resources.
 Ecosystem of the forest is also affected based on fire severity as increased in sedimentation yield and concentration was observed in burned watershed in Oldman River Basin, Alberta (Silins et al., 2009) and in Colorado Front Range, higher sedimentation production rate was found in high severity forest fire than moderate and low severity forest fire (Benavides-Solorio and MacDonald, 2005). Most research focused on estimation of burnt area and hotspots using remote sensing data such as NDVI (Kasischke and French, 1995) but in burnt area, various degree of fire severity exist and can be seen from loss of vegetation.
 Fire severity is used to measure the loss or change of the above and below ground organic matter (Keeley, 2009) such as char height and scorch crown height. This research will use NDVI and char height on stem- bark,  and height of scorch on crown,  to estimate the fire severity in the 2017 Kamaishi Forest Fire.

2. Study area
 In the last 42 years, Kamaishi had three major fire incidents with burnt area of 200 ha, 392 ha and 130 ha in Kamaishi Hamacho, Kamaishi Higashimae-cho and Kamaishi Toni-cho respectively and recently, in Kamaishi Heita with an estimated burnt area of 413 ha (Touge et al., 2018), the study area for this research as shown in Fig. 1. This indicates that Kamaishi is prone to forest fire and burnt areas were wide.
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Fig.1 Historical large scale forest fire occurring in Kamaishi

3. Methodology 
3.1 Remote sensing data
 NDVI which were cloud free from Landsat 8 were used in this research for the period of 2017. These images were then processed to create a two weeks average in an image and subsequently,  were computed by subtracting the post-fire image from the pre-fire image.

3.2 Post-fire observation: stem-bark char height,  and scorch crown height, 
 Two types of post-fire observations were made, namely stem-back char height,  and scorch crown height, . For every 30 m, a tree was observed of its fire severity by measuring the char height on its stem bark,  and the scorch height on its crown, . The observation were made in the estimated burnt area and in total 650 points of  and  respectively were collected.

4. Results and discussion
 To estimate the fire severity of the 2017 Kamaishi forest fire, corresponding  with 650 points of  and  were extracted and plotted in dots distribution maps as shown in Fig. 2. 
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Fig. 2 Distribution of ,  and 

The results indicate  and  can show more variation of fire severity than . However,  has a slight stronger relationship with  (R = 0.29) than  (R = 0.27) as shown in Fig. 3a and 3b. 

	
Fig. 3a

	

Fig. 3(b)



Fig. 3a and 3b Correlation between ,  and  respectively
This suggests using direct value of  and  would not be a good indicator for fire severity as it may represent only the height of fire but by taking into account the  and  in relation to its total stem-bark height and crown height respectively, it could be a better representative of fire severity. 

5. Conclusions
All three observation indicates variation of fire severity with and  exhibiting the most variations. Moreover, results indicate using rate of  and  based on its overall stem-bark height and crown height could offer a better estimation of fire severity. These results open new prospects for estimating the fire severity in the 2017 Kamaishi forest fire more definite. 
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Post - Pre (May 2017)	R = 0.27

7.4	22.9	25.75	23.7	20.100000000000001	23.1	22.75	24.95	23.8	30.1	0	0	0	0	0	0	0	0	0	0	0	0	0	0	19.600000000000001	24.1	24.35	24.35	26.85	27.85	27.25	16.649999999999999	21.45	18.05	21.55	23.65	22	19.95	13.5	20.100000000000001	17.399999999999999	21.1	15.3	9.5500000000000007	13.9	9.5	13.55	17.2	16.350000000000001	21.95	24.3	5.5	13.45	21.9	19.2	21.6	20.2	15.6	19.25	17.649999999999999	15.95	14.4	12.25	11.9	18.850000000000001	17.8	15.8	15.1	10.199999999999999	19.45	15.25	16.45	12.3	11.75	10.5	5.25	19.3	16	17.600000000000001	13.7	24.25	26.25	19.399999999999999	16.95	15.2	11.25	11.2	15.15	15.35	16.399999999999999	18	12.9	11.35	16.05	19.399999999999999	19.95	17.850000000000001	8.8000000000000007	19.850000000000001	13.8	14.05	17.25	16.3	8.5	10.5	14.9	18.25	18.5	21.5	13.5	20.6	11.95	11.4	13.1	17.95	14.75	13.95	16.25	21.5	17.25	15.3	14.85	6.1	0	0	0	0	21.4	14.45	17.899999999999999	22.7	20.399999999999999	15.3	15.25	19	21	13.05	13.9	18.100000000000001	9.75	10.5	21.35	18.05	20.2	12.05	6.55	18.25	21	18.25	12.45	12.65	0	15.55	14.55	0	8.25	23	19.600000000000001	19.649999999999999	0	18.2	20.2	19.5	22.4	0	16.7	0	0	12.55	23.75	0	0	23.4	8.1	4.5999999999999996	0	0	8.4499999999999993	3.65	18.5	17.399999999999999	17.100000000000001	12.65	14.3	9.1999999999999993	0	0	19	14.6	15.35	19.399999999999999	15.75	20.25	18.850000000000001	10.85	4.4000000000000004	16.850000000000001	16.100000000000001	12.5	18.899999999999999	14.7	11.35	10.55	12.7	10.1	18.600000000000001	16.600000000000001	13.3	15.75	0	8.4	0	17.75	7.75	11.2	13.65	0	20.55	12.05	19.45	20.05	22.3	23.8	18.149999999999999	15.05	23.6	23.35	21.45	27.4	23.1	25	24.9	21.85	21.95	25.35	20.149999999999999	18.75	6.15	17.7	16.600000000000001	14.9	15.7	18.45	16.8	14.6	14.85	11.45	10.050000000000001	0	0	0	0	0	0	13.15	15.8	16.350000000000001	11.15	17.2	14.15	13.85	9.35	9.1999999999999993	10.7	7.9	9.8000000000000007	8.9	11.75	14.3	0	0	11.55	0	0	7.45	14.35	18.2	10.8	11.85	0	0	0	0	0	11.95	12.55	4.5	0	8.85	11.55	0	5.6	8.9499999999999993	0	0	0	0	0	10.15	0	0	7.95	8.5500000000000007	8.0500000000000007	11.45	9.5500000000000007	10	5.65	10.4	8	8.85	0	9	14.8	16.600000000000001	13.6	15.15	8.8000000000000007	0	0	0	9	13	7	0	0	8.6	0	10.85	0	8.0500000000000007	0	0	9.75	0	0	0	8.1	9.6	8.5	10.8	11.1	14.9	11.6	11.85	6.8	7.9	0	12.8	9	12.1	15.6	9.1	8.1999999999999993	11.75	9.6999999999999993	8.1999999999999993	12	10.65	13.85	11.25	10.9	8.6999999999999993	14.75	9.0500000000000007	11.1	13	12.25	13.05	17.3	19.100000000000001	10.8	11.7	13.8	0	0	0	0	0	0	0	12.55	22.35	25.55	24.25	19.25	18.399999999999999	15.8	7.85	12.85	15.65	11.5	16.600000000000001	12.6	16.149999999999999	9.75	13.85	11.35	18.600000000000001	12.25	0	13.8	11.3	0	15.9	14.35	18.95	21.55	19.55	15.05	11.2	17.899999999999999	23	17.600000000000001	18.5	17.600000000000001	21.2	22.8	26.5	19.8	23.1	15.2	19.149999999999999	19.600000000000001	17.649999999999999	26.65	20	20.7	20	10.85	8.35	0	15.2	19.8	20.45	25.5	28	23.15	18.95	18.25	20.75	20.149999999999999	25.45	22.15	20.5	0	24.35	17.8	6.8	5.8	17	19.100000000000001	15.5	23.35	16.899999999999999	21.8	21.75	23.4	25.65	21.6	19.3	13.95	24.1	11.4	13.55	18.149999999999999	17.95	20.8	21.95	20	19.3	16.3	16.25	17.100000000000001	13.1	0	13.85	21.7	9.5	18	18	14.15	0	11.75	15.9	17.2	20.350000000000001	20.2	26.95	20.65	19.899999999999999	17.95	17.45	14.55	21.35	14.15	0	15.35	13	14.9	16.149999999999999	11.2	18.2	22.2	19.2	18	17.899999999999999	23.3	11.7	23.7	20.9	17.75	18.75	23	16	17.399999999999999	27.25	21.15	21.15	21.7	18.2	20.100000000000001	23	15.95	23.75	19.45	20.149999999999999	17.350000000000001	20.05	18.3	19.600000000000001	19.25	19.2	16.7	21.95	20.6	19.55	22.5	24.3	20.25	17.05	19.05	20.55	18.7	15.45	14.2	17.100000000000001	20.85	18.05	19.25	18.25	17.05	12.65	15.7	14.9	14	18.8	21.7	16.7	16.5	17.45	14.45	17	15.4	17.5	19.7	15.8	14.6	16.7	12.9	15.9	14.8	12.8	8.8000000000000007	9.1	7.3	10	8.65	9.75	0	9.9499999999999993	8.9499999999999993	6.3	0	0	7.45	7.7	3.7	9.9499999999999993	12.55	9.75	12.8	12.95	11.5	0	0	0	16.2	0	7.8	0	0	13.85	0	0	0	0	0	0	12.7	0	0	12.55	11.25	8.4	0	0	0	0	0	10.95	7.15	0	16.149999999999999	16.600000000000001	16.100000000000001	16.399999999999999	18.5	15.3	10.6	16	0.4204	9.3799999999999994E-2	0.1789	0.10970000000000001	0.25800000000000001	0.26419999999999999	0.26419999999999999	0.26419999999999999	0.24010000000000001	0.30020000000000002	0.30020000000000002	0.31090000000000001	0.27239999999999998	0.27239999999999998	0.43709999999999999	0.3715	0.3715	0.34849999999999998	0.35170000000000001	0.3705	0.33129999999999998	0.35339999999999999	0.34079999999999999	0.28510000000000002	4.3999999999999997E-2	0.1207	0.1207	-0.20080000000000001	-0.20419999999999999	-0.20419999999999999	-0.16525000000000001	-0.15490000000000001	-9.2499999999999999E-2	-9.2499999999999999E-2	-9.7000000000000003E-2	-9.7000000000000003E-2	-0.2001	-0.10249999999999999	-0.19439999999999999	-3.2599999999999997E-2	0.39439999999999997	0.39439999999999997	0.42920000000000003	0.3997	0.3997	-9.9099999999999994E-2	-0.11395	-0.10365000000000001	-0.18154999999999999	-0.13650000000000001	-0.13650000000000001	9.4000000000000004E-3	9.4000000000000004E-3	-7.6100000000000001E-2	-0.14549999999999999	-0.1043	-0.1666	-0.1666	-0.13730000000000001	-0.13730000000000001	2.8400000000000002E-2	-0.14549999999999999	-0.1464	-0.2069	-0.18360000000000001	-4.3999999999999997E-2	-0.1527	-0.12839999999999999	-0.16700000000000001	-5.8000000000000003E-2	2.5250000000000002E-2	-0.11185	-5.6649999999999999E-2	-0.1668	-0.1573	-0.18920000000000001	-0.18340000000000001	-0.20069999999999999	-0.23669999999999999	-0.22339999999999999	-0.23400000000000001	-0.27500000000000002	-0.28089999999999998	-0.32050000000000001	-0.29349999999999998	-0.28029999999999999	-0.37130000000000002	-0.29459999999999997	-0.29320000000000002	-0.2732	-0.28070000000000001	-0.26640000000000003	-0.24990000000000001	-0.24959999999999999	-0.27410000000000001	-0.217	-0.21440000000000001	-0.32240000000000002	-0.30940000000000001	-0.2959	-0.28599999999999998	-0.23949999999999999	-0.30149999999999999	-0.2412	-0.18559999999999999	-0.2034	-0.155	-0.155	-0.13469999999999999	-0.14249999999999999	-9.5600000000000004E-2	-4.24E-2	1.9599999999999999E-2	-8.2000000000000003E-2	-8.2000000000000003E-2	5.11E-2	-0.10680000000000001	-0.10680000000000001	-7.0499999999999993E-2	-8.1000000000000003E-2	-9.7000000000000003E-2	-0.1231	-0.1123	-7.5200000000000003E-2	-7.5200000000000003E-2	-5.7799999999999997E-2	-2.8199999999999999E-2	-6.7500000000000004E-2	-1.12E-2	6.9400000000000003E-2	-2.7199999999999998E-2	-7.4999999999999997E-3	1.7000000000000001E-2	6.5799999999999997E-2	6.3899999999999998E-2	-0.1938	-0.13320000000000001	-5.8299999999999998E-2	-4.4200000000000003E-2	4.1300000000000003E-2	4.1000000000000003E-3	-4.1399999999999999E-2	-9.7000000000000003E-2	-9.8599999999999993E-2	-9.8599999999999993E-2	-1.06E-2	-0.1797	-0.18679999999999999	1.4200000000000001E-2	8.4849999999999995E-2	-1E-4	5.4899999999999997E-2	-1E-4	-8.5400000000000004E-2	1.5800000000000002E-2	1.5800000000000002E-2	4.9099999999999998E-2	-0.14710000000000001	-0.1008	4.0000000000000001E-3	-1.205E-2	-1.7299999999999999E-2	-0.23519999999999999	-0.21490000000000001	-0.12670000000000001	-0.12670000000000001	5.74E-2	1.0200000000000001E-2	-7.5600000000000001E-2	-7.5600000000000001E-2	-0.1605	-0.21029999999999999	-0.19409999999999999	-0.25009999999999999	-0.22950000000000001	-0.21279999999999999	-0.2636	-0.1174	-0.17249999999999999	-0.2482	-0.27360000000000001	-0.2712	-0.2505	-0.20030000000000001	-0.24840000000000001	-0.2656	-0.27110000000000001	-0.32319999999999999	-0.31759999999999999	-0.38179999999999997	-0.33739999999999998	-0.33739999999999998	-0.26079999999999998	-0.18579999999999999	-0.107	-0.107	-0.14180000000000001	-0.1343	-0.1343	-0.21110000000000001	-0.22090000000000001	-0.27729999999999999	-0.27729999999999999	-0.13539999999999999	-0.26169999999999999	-0.14599999999999999	-0.25030000000000002	-0.12889999999999999	-0.29099999999999998	-0.31190000000000001	-0.38140000000000002	-0.38140000000000002	-0.35020000000000001	-0.33939999999999998	-0.30520000000000003	-0.3014	-0.1789	-0.15390000000000001	-0.16420000000000001	-0.2351	-0.30470000000000003	-0.22320000000000001	-0.22320000000000001	-0.25340000000000001	-0.24249999999999999	-0.126	-0.1308	-0.1308	-3.1199999999999999E-2	1.03E-2	-0.1147	-9.4500000000000001E-2	-0.10009999999999999	-0.13800000000000001	-0.11020000000000001	-0.13589999999999999	-0.13589999999999999	-1.1999999999999999E-3	-6.0199999999999997E-2	-6.0199999999999997E-2	0.2172	0.2039	0.20169999999999999	0.187	0.17610000000000001	5.0099999999999999E-2	8.2600000000000007E-2	0.1915	0.16600000000000001	-0.36420000000000002	-0.39200000000000002	-0.36399999999999999	-0.41170000000000001	-0.42514999999999997	-0.40455000000000002	-0.42	-0.36870000000000003	-0.29415000000000002	-0.27725	-0.43209999999999998	-0.42449999999999999	-0.38290000000000002	-0.33889999999999998	-0.30259999999999998	-0.30259999999999998	-0.32940000000000003	-0.37369999999999998	-0.37369999999999998	-0.28970000000000001	-0.34389999999999998	-0.33829999999999999	-0.39500000000000002	-0.39610000000000001	-0.41170000000000001	-0.41170000000000001	-0.23910000000000001	-0.2445	-0.1333	-4.0599999999999997E-2	-0.19769999999999999	-7.4000000000000003E-3	-4.2549999999999998E-2	-8.3000000000000001E-3	9.5000000000000001E-2	6.7799999999999999E-2	-2.2700000000000001E-2	-0.21510000000000001	-2.2800000000000001E-2	-0.10979999999999999	0.1231	0.1338	0.1338	0.2278	5.91E-2	0.28244999999999998	0.1356	0.31509999999999999	0.19769999999999999	0.19769999999999999	0.1341	0.1341	0.12180000000000001	0.2984	0.31230000000000002	0.33910000000000001	0.33679999999999999	0.33600000000000002	0.2787	0.2787	0.25059999999999999	0.1348	0.2331	0.18540000000000001	0.1565	0.21290000000000001	0.21290000000000001	0.15939999999999999	0.15939999999999999	0.15060000000000001	0.16170000000000001	0.14699999999999999	0.14699999999999999	0.21929999999999999	-0.2069	-0.14199999999999999	-4.5999999999999999E-3	-6.3E-3	-6.3E-3	-6.3E-3	-3.7699999999999997E-2	-5.5599999999999997E-2	-0.1164	-0.1164	-0.186	-7.7600000000000002E-2	-7.7600000000000002E-2	-7.7600000000000002E-2	-0.2019	-0.29199999999999998	-0.32250000000000001	-0.2757	-0.34239999999999998	-0.25305	-0.25619999999999998	-0.26519999999999999	-0.16700000000000001	-0.13564999999999999	-0.13564999999999999	-0.2218	-0.2019	-0.18279999999999999	-0.20330000000000001	-0.24349999999999999	-0.13689999999999999	-0.2036	-0.26869999999999999	-0.17100000000000001	-0.20119999999999999	-0.2054	-0.2195	-0.17580000000000001	-0.20519999999999999	-0.12720000000000001	-0.12720000000000001	-0.19089999999999999	-0.15709999999999999	-0.14729999999999999	-7.7100000000000002E-2	-7.0300000000000001E-2	-9.2600000000000002E-2	-9.2600000000000002E-2	-0.11325	-0.15690000000000001	-0.15690000000000001	-0.1145	-0.1774	-0.19650000000000001	-0.18729999999999999	-0.1036	-0.1714	-0.1714	-0.17180000000000001	-0.16520000000000001	-0.19089999999999999	-0.1802	-0.14899999999999999	-0.16209999999999999	-0.17799999999999999	-0.17799999999999999	-0.18540000000000001	-0.1739	-0.1401	-9.8199999999999996E-2	-8.5599999999999996E-2	-8.5599999999999996E-2	-8.1900000000000001E-2	-8.8999999999999996E-2	-7.7200000000000005E-2	-8.4900000000000003E-2	-8.2000000000000003E-2	-9.1700000000000004E-2	-0.1103	-0.10970000000000001	-8.1000000000000003E-2	-8.1000000000000003E-2	-0.1123	-0.18959999999999999	-0.25019999999999998	-0.24929999999999999	-0.29659999999999997	-0.33979999999999999	-0.20080000000000001	-0.16669999999999999	-0.222	-0.222	-0.2636	-0.32269999999999999	-0.2712	-0.18920000000000001	-0.27189999999999998	-0.32290000000000002	-0.26910000000000001	-0.26910000000000001	-0.15140000000000001	-9.9400000000000002E-2	-0.15140000000000001	-0.19900000000000001	-0.34499999999999997	-0.34499999999999997	-0.3075	-0.37969999999999998	-0.35770000000000002	-0.34250000000000003	-0.32840000000000003	-0.32840000000000003	-0.30509999999999998	-0.29430000000000001	-0.36930000000000002	-0.34710000000000002	-0.34710000000000002	-0.37990000000000002	-0.36630000000000001	-0.4128	-0.4471	-0.4869	-0.48170000000000002	-0.44519999999999998	-0.45789999999999997	-0.37290000000000001	-0.36499999999999999	-0.39040000000000002	-0.4209	-0.436	-0.40720000000000001	-0.43009999999999998	-0.45369999999999999	-0.39150000000000001	-0.43149999999999999	-0.34050000000000002	-0.40860000000000002	-0.34820000000000001	-0.32300000000000001	-0.36280000000000001	-0.36280000000000001	-0.34100000000000003	-0.34100000000000003	-0.28770000000000001	-0.30620000000000003	-0.2084	-0.23630000000000001	-0.23849999999999999	-0.123	-0.28320000000000001	-0.123	-0.123	-0.1046	-8.7800000000000003E-2	3.8999999999999998E-3	-1.95E-2	-1.95E-2	-0.2142	-2.7799999999999998E-2	3.9699999999999999E-2	6.3299999999999995E-2	4.0399999999999998E-2	4.0399999999999998E-2	-7.7999999999999996E-3	-3.1399999999999997E-2	2.6100000000000002E-2	3.6999999999999998E-2	-7.6100000000000001E-2	-0.14549999999999999	-0.14319999999999999	-0.1666	-0.1666	-0.13730000000000001	-0.13730000000000001	-7.7899999999999997E-2	6.0499999999999998E-3	-6.1800000000000001E-2	-7.9100000000000004E-2	-7.9100000000000004E-2	-5.8799999999999998E-2	-6.5000000000000002E-2	-0.1077	-0.1186	-8.7499999999999994E-2	-6.4899999999999999E-2	-0.16839999999999999	-0.33529999999999999	-0.21540000000000001	-0.14169999999999999	-3.9199999999999999E-2	-6.6400000000000001E-2	-8.4199999999999997E-2	-0.1198	-3.1300000000000001E-2	-4.5499999999999999E-2	-0.1061	-0.16189999999999999	-8.6800000000000002E-2	-6.5799999999999997E-2	-3.1399999999999997E-2	3.6999999999999998E-2	-9.9299999999999999E-2	-0.1182	-4.53E-2	-2.6100000000000002E-2	-0.1071	-0.1071	-0.13389999999999999	-0.13059999999999999	-0.1205	-0.11219999999999999	-0.1079	-7.0300000000000001E-2	-8.2299999999999998E-2	-0.14899999999999999	-0.1802	-0.19089999999999999	-0.16520000000000001	-0.1497	-0.24260000000000001	-0.12529999999999999	-0.26100000000000001	-0.29099999999999998	-0.35060000000000002	-0.33200000000000002	-0.2329	-0.2329	-0.222	-0.21590000000000001	-0.29120000000000001	-0.29120000000000001	-0.27139999999999997	-0.27139999999999997	-0.29260000000000003	-0.35249999999999998	-0.28739999999999999	-0.4	-0.40989999999999999	-0.38150000000000001	-0.43109999999999998	-0.43109999999999998	-0.45369999999999999	-0.43440000000000001	-0.39500000000000002	-0.39500000000000002	-0.3856	-0.35139999999999999	-0.33150000000000002	-0.18375	0.2319	0.2263	-7.5850000000000001E-2	0.20280000000000001	0.23230000000000001	0.217	0.217	0.1686	0.22950000000000001	0.24540000000000001	0.24540000000000001	0.1794	0.24390000000000001	0.24390000000000001	0.3226	0.26469999999999999	-0.04	-0.04	-9.5600000000000004E-2	-0.1401	-0.13109999999999999	0.17269999999999999	0.15890000000000001	6.4500000000000002E-2	0.108	-6.6400000000000001E-2	-8.4699999999999998E-2	0.02	0.02	0.15920000000000001	-1.3299999999999999E-2	6.0449999999999997E-2	6.0449999999999997E-2	0.25074999999999997	-6.3549999999999995E-2	-8.8300000000000003E-2	-2.35E-2	1.465E-2	0.15004999999999999	9.6850000000000006E-2	9.6850000000000006E-2	2.4500000000000001E-2	-5.7099999999999998E-2	-8.0199999999999994E-2	-0.11849999999999999	-0.1358	9.4000000000000004E-3	7.5600000000000001E-2	2.8400000000000002E-2	-0.1464	-0.1464	9.4000000000000004E-3	-0.12620000000000001	-0.13650000000000001	-0.18154999999999999	-0.10365000000000001	-0.11395	-9.9099999999999994E-2	-0.1797	hs, cm
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