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Abstract: This paper describes the lotgrm effects on vegetation following the
catastrophic fire in 1987 on the northern Great Band/ountain by analyzing the AVHRR
GIMMS 15-day composite normalized difference vegetation inddR®VI) dataset. Both
temporal and spatial characteristics were analyzed for natural regeneration and tree planting
scenarios from 1984 2006. Regressing pefite NDVI values on the prére values helped
identify the NDVI for burnt pixels in vegetation stands. Stand differences in fire damage
were classified into five levels: Very High (VH), High (H), Moderate (M), Low (L) and
Slight (S). Furthermore, inttanrual and intefannual postire vegetation recovery
trajectories were analyzed by deriving a time series of NDVI and relative regrowth index
(RRI) valuesfor the entire burned area. Finally, spatial pattern and trend analyses were
conductedusing the pixebased postire annual stands regrowth index (SRI) with a
nonparametric MankKendall (MK) statistics method. The results show that October was a
better period compared to other months for distinguishing the gadtprefire vegetation
conditions using t NDVI signalsin boreal forests of Chinbecause coled leaves on
grasses and shrubs fall down, while the leavdseaithytrees remain green in October.€Th
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MK statistics method is robustly capable of detecting vegetation trends in a relatively long
time series. Because tree planting primarily occurred in the severely burned area
(approximately equal to the Medium, High and Very High fiaendge areas) following the
Daxinganlingfire in 1987 the severely burned area exhibited a better recovery ttnand

the lightly burned regions. Reasonable tree planting can substantially quicken the recovery
and shorten the restoration time of the target species. More detailed satellite analyses and
field data will be required in the future for a more convinciatidation of the results.

Keywords: wildfire; remote sensingvegetation recoveryMannKendalt Gr eat Xi ng o6 a'
Mountain boreal forest

1. Introduction

Wildfire is an important process in regulating vegetation succession, plant regeneratspeces
compositionin borealforest ecosystenidi 3]. Large areaof the boreal forest zone, which natural fire
haveshaped over several millennia, are burned annually. Industrial and recreational use of boreal forests
and forest fire suppression capabilities have dramatically increased over the past[4gntlogtheast
Chinamaintains abundant forest resouroeith a forest area of-47.0 x 10° km?, occupying 31% of
Chinats total forest ared5]. This regionstores 1.01.5 PgC and contribute to approximately
24%i 31% of the totatarbon storage in Chir{fé]. Most carbon is stored in living trees. For thousands
of years, wildfires have been the predominant disturbances in this region, whielbden strongly
modified by humans during the recent half centtfigtorically, fire regimes in these systems were
characterized by frequent, low intensity surface fires mwét sparsestandreplacing fires over
relatively small areasFrom 1950to 1995, the annual average burned area in the northeast region
accounted for 55% of the national tofd@]. Wildfires play a dominant role in boreal ecosystems,
altering the forest succession, biogeochemical cycling and carbon seques{&tidduring prefire
periods forestsare believed to be a net carbon sirk place where carbon is stored (or sequestered).
When wood is burned, carbon is emitted in decomposition, alddires are believed toepresent a
globally significantsource of terrestriatarbonin the atmospherd-ollowing a wildfire, more carbon is
absorbed in younger trees during the faster regrowth plaasked is transformed ta carbon sink
again after fireTherefore, a better observational base for understandingipogsegetation dynamics
in the boreal forests will contribute to predicting the effects of the increasing number of wildfires
caused by climate change in these ecosystems and subsequentgtiogethe future role of boreal
forests as a carbon sink or soujeke

Wildfires create profound changes ecosystems, causing variations vagetationreflectance,
moisture and temperature, which can be detected by means of satellite ifh@dely Fire disturbance
causes substantial spectral changes by consuming vegetation, destreieafjchlorophyll, exposing
soil, charring stems and altering vegetation moistlinese effects of a fire on vegetative ecosystem
properties are often defined agrb severity, which is restricted to the loss of organic matter in or on
the soil surface, and in this respect represents what BAER assessmeritsoteburn severitg [12].

The postfire re-growth process is of great importance because while fire eslezarbon into the
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atmosphere, carbon sequestration through-fo@stegeneration of plants and woody vegetation may
help to reduce the amount of carbon in the atmosgh8teNumerous studies have focused on the use
of the Normalized Difference Vegetati Index (NDVI) to analyze seasonal and internual
vegetation dynamics and trends following wildfire disturbari@édsl5] The NDVI data capturthe
contrast between red and né@frared reflectance of vegetation, which signals the abundance and
energy absorption of leaf pigments, e.g., chlorophyill.

NDVI can be used as a proxy for the vegetation response to wildfire disturbances because it is wel
correlated with vegetation regrowth and the fraction of photosynthetically active radiation absorbed by
plant canopies andhus leaf area and bioma§$6]. In the present paper, NDVI derived from ahd
Advanced Very HigkResolution RadiometerAYHRR) satellite measurements exploited to
investigate postire regeneration and temporal dynamics in the boreal forest. Becaaseimifisually
prol onged drought and high winds in northeast:
catastrophic wdfire in May 1987. The success of fire suppression in this region, coupled with a
warmer, drier climate due to global warmingsied to fuel buildup and resulted in fires of greater
intensity and extent than those that occurred historically in therr§gi¢. This fire created a mosaic
of burn severities across the landscape and provided an ideal opportunity to sttfthe pesgfetation
patterns in a Chinese bordaiest. The main goals of the present work aréo(gssess thire damage
of the entie freaf f ect ed areas in the Great IinXIO&Y diptan Mo
better understand how vegetation responds to fire disturbances by analyzingndtiaterannual
variability in satellite observationgnd (iii) to characterizéhe spatial pattern of pefite vegetation
trendsunder natural regeneration and tree planting scenasiog the AVHRR GIMMS NDVI record
over the period 1982006.

2. Data and Method
2.1 StudyArea

The Great Xi rnisgadtgical fiveprone te@osystem in which many species have a
recognized ability to regenerate after fikéistorically, fire regimes in this region were characterized
by frequent, low intensity surface fires mixed with sparse staplhcing fires overelatively small
areag[18]. The Daxin@anling fire occurred orMay 6 and wadocated on the north slope of Great
Xingéan Mo uNib383Ny 12155'Ri A260K'E) in Northeastern China (Figure 1). It is
primarily a hilly, mountainous region rangingoin 450 1500 m in elevationrhis fire burned more
than 1.33 million hectares of forest resulting in the loss of over 200 lives ad@D3@omes. Fires of
this magnitude are a major but infrequent disturbance to this landscape, occurringtat30iB/ea
intervals[19]. The Daxinganling fire produced a strikingly heterogeneous mosaic of burn severities
(effects of fire on the ecosystem) and islands of unburned vegetation across the landscape. The spati:
extent and heterogeneityduced by this firgorovide an ideal opportunity to study the effects of fire
size and pattern on pefite succession. The climate in this region is terrestrial monsoon with long,
severe winters (mean January temperat@&5°C) and short, mild summers (mean July temperature
17 °C). The precipitation, which peaks in summer, is 420 mm annually and is unevenly distributed
throughout the yeai,e., more than 60% occurs between June and August. Vegetation in this region
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falls within the cool temperate coniferous forests occurahghe southern extension of the eastern
Siberian light coniferous foref20]. The species composition is relatively simple and the forest covers
more than 75% of the study area. The most dominant tree species id &retg(nelin), accounting

for 80%of the study area, followed by bircBdtula Platy Plyll3, which covers 10% of the study area.
Other species, including pindPifus sylvestris var. mongoliaspruce Picea Koraiensi3, two
species of asperP¢pulus davidianaPopulus suaveolehsandwillow (Chosenia arbutifolia cover
approximately 10% of the study area.

Figure 1. Location ofthestudy area.
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2.2 Data
2.2.1 AVHRR GIMMS 15-Day Composite NDVI Dataset

We used the continental NDVI dataset at 8 km resolution for the period 2088produced by the
Global Inventory Monitoring and Modeling Studies (GIMMS). The dataset was derived from imagery
obtained from the AVHRR instrument onboard the NOAA satellite series 7, 9, 11, 14, 16 and 17. It
containschannel1(068. 6 8 e m) a@ddlcHarrmd!|l r2fl ectiahc8, ¢ mh
and channel5(111382. 5 em) brightness temperatures, s ol
compositing. These channels and associated data correspond to the maximum NDVI value during &
15-day compsiting period. The NDVI is expressed on a scale betwdeand +1. GIMMS NDVI
values range betwedr0.2 and 0.1 for snow, inland water bodies, deserts, and exposed soils, and
increases from approximately DAL7 for increasing amounts of vegetation. The GIMMS dataset
includes calibration using desert targets, atmospheric correction for stratospheric aerosol, and
normalization for temporal changes in solar zenith aj&fle

2.2.2 Landsaitmagery

We used.andsat TMand ETM+ dat&o make a comparison with GIMMS ND¥Le to the relatively
higher spatial and spectral resolution of the sensors. The spesialution of 30 mwas adequate to
respond withirstandchanges, and the scene extent was large ertougiver the whole burneah two
images. Moreover, since Landsat TM data axailablefor such an old fire event occurred on 198fie
Landsat TMand ETM+ dataised in this study are list in Tablel.
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Table 1. Landsat TM and ETM+ scenes used in this analysis

Year Date Sensor Path/Row
1986 5 June ™ 121/23
1987 24 June ™ 121/23
1987 15 June ™ 121/22
2000 19 June ETM+ 121/23
2004 22 June ™ 121/23

2.3 Method
2.3.1 Mapping Fire Damage

In the present study, the difference in vegetation activity obtained from the NDVI between the
pre- and posffire periods was used to estimate fire damage. Fire damage represents the reflectance
changes between the giee vegetation and po$ire burn €ar that can be interpreted as the extent of
degradation of the ptre vegetation community. Therefore, fire damage (D) can be measured as a
difference between prand posfire NDVI values, as given by

$ H0mO 6 0%0 (1)

where0 Ow O is the average NDVI value in the giiee period,i.e., from 1984to 1986, while

0 ‘O w B the NDVI value in the fire yeaire., 1987. In this paper, we prefer fire damage to burn severity
because the latter definition is often associated with numerous factors that include the effects on soil
composition, the amount of organic material consumed by the fire, the effects on @egetgtj amount

of char on shrubs, scorch height and crown scorch, tree mortality or the presence of cdRjizers

2.3.2 Modeling of Vegetation Recovery

Fire disturbances cause abrupt changes in the trend and seasonality of vegetation growtiestajector
Several studies concerning the regeneration of vegetation have proven that the NDVI is particularly
useful for monitoring plant regrowth after fire disturban@s 25]. To ascertain how long it takes burnt
vegetation stands to return to theirfiire average NDVI conditions, a relationship between anel
postfire NDVI values for a control scenario is necessary. The-fi@stecovery also relies on the
so-called helthy state[26]. Here, the healthy state is considered the theoretical poteagatation
attainable) Ow O ) by an ideal healthy state without any disturbance. Therefore, we define the
stand regrowth index (SRI) at timafter the fire as

. 00wy

YYO To0o0 p Tht (2)
wheret is the elapsed year since the fire an® w Oy, is the stand average annual NDVI at titne
Moreover,0 ‘O w 'O is the NDVI value of théhealthy statewhich is defined by the maximum
NDVI value of the prefire period (19841986). Actually, it is very difficult or even impossible for all
postfire pixels to reach thbealthy stateTherefore stand regrowth indeagpproaches 100% as time
progresses following a fire disturbance. However, the raterratains this value. Therefore, the growth
rate can be used as a proxy for the vegetation recovery trend
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Furthermore, inteannual NDVI signals are also greatly influenced by climate changes, e.g.,
temperature and precipitation anomalies. With the gbaéparating the inteannual variations caused
by climate from changes in NDVI and highlighting fireluced effects on vegetation, another similar
index using a control stand NDVI instead of the-fore NDVI has been used in numerous fire recovery
studies[9,27,28] This relative regrowth index (RRI) at timhean be expressed as follows:

YYO0 OwiO 0 Owfo 3
where 0 ‘O wfCand 0 'O wiCare the average NDVI values of the burned area and unburned control
plot, respectively, derived from the GIMMS NDVI.

The advantage of using SRI to evaluate {fiostrecovery is that it relates all pefate NDVI values to
the actual situation in the sieh before the fire. However, pfiee vegetation is specific to antecedent
environmental conditions affecting vegetation growth. Hence, by utilizing an adjacent unburned control

stand NDVI to derive the RRI, changes in environmental conditions are ptiyectiptured by the
NDVI signals throughout the analysis per{@d]. It is very important for the calculation of the RRI that

the selected control area has similar properties (e.g., vegetation type or climate) to the burnt area. The

control area was reqed to have a long history without fire or other disturbances to ensure that it was

not undergoing changes associated with vegetation recovery. To minimize differences in temperature

and precipitation characteristics, the selected control area shoulé Isawdar elevation range to the

burned area. In considering these premises, an adjacent area to the fire scar was chosen as the unburr

control areaKigure 1).
2.3.3 Mann-Kendall Trend Assessment

Trend significance was evaluated using a statisticak-based nonparametric Maitendall
test[29,30], which is a commonly used method to assess the significance of monotonic trends in

long-term time series. It has the advantage of not assuming any distributional form for the data and has

similar capabilitis as its parametric counterparts. In this study, the time series of the caléWla$&a
are analyzed to identify meaningful lotgym trends using the Marsifendall statistics. In the
Mann-Kendall test, the data are ranked with reference to time; edatpdint is treated as the reference
for the data points in successive time perif8ld. The equation used to calculate the M&mmdall
correlation coefficient (S) is defined by Kendall as

3 [ ‘QOEYOYYO 4

where
p QQUAYOYYOn
i QEYOYYO m QQAYYOYYOn (5)
p QAAYYOYYOn
Here, n is the length of the time series dataset and’Cand "Y'Y ‘@&e the observatia@h stand

regrowth index at times and j, respectively. According to Mann and Kendall, the statistic S is
approximately normal whem 8 with the mean and the variance as follows:
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E(®S)=0 (6)
T ] B 600 p cQ
6AD pe Y pro p oY 7

whered denotes the number of ties of extent
The equation used to calculate Makandall significance (U and p) is as follows:

':":p /E' Cy Tt
" 6 ABD
5 . n A& n (8)
YUY p -
e Fl O 1
r 6 AD

The U statistic follows the standard normal distribution with zero mean and unit variance under the
null hypothesis of no trend. A positive U value indicates an upward trend; a negative value indicates a
downward trend. Thp value of an MK statisti& canthen be determined using the normal cumulative
distribution function

n ¢p " sw 9

wheren $Y¥s denotes the cumulative distribution function of a standard normal vitiate.
3. Results andDiscussion
3.1 Fire Damage Assessment

The goal of this study was to examine the spatial and temporal patterns of forest regeneration and the
assess the driving factors relevant to the vegetation recovery process, especially for fire damage. Th
differences between the immediate pie and pre-ffire NDVI values enabled us to identify the
fire-damaged areas that were likélyrned. Figure 2 shows a spatial pattern of fire damage that was
computed from the preto postfire difference in GIMMS NDVI. Red pixels represent large NDVI
differences btween preand posffire, while blue pixels represent small NDVI differences. Fire damage
is expected to influence the spatial configuration and arrangement of forest patches, contributing to anc
influencing ecological processes during piret recoveryand successiofB2]. Therefore, to track
vegetation behavior that was affected by different fire damage extents, we classified the fire damage intc
five classes using thescore (standard deviation) metH83].

A z-score, or standard deviation, measuhesdispersion of dat# reclassification procedure was
used to divide the-scores of the simple difference images (the standardifedence between prand
postfire NDVI values) intdive categories (Tablg).

Figures 3 and 4 illustrate the resudf the fire damage classification using thecore approach. The
image is mapped in a blued color scale. Low-gcores are represented in blue, while a red color was
assigned to high-gcore pixels. The spatial pattern of the fire damage classesrlg tlsiéle in the map
with an evident differentiation between very high and slight patches.

There were five different fire sources for this large fire event. Some burned areas joined together
while others did not (Figure 4 and Table 3). Therefore, vegl Bnd high fire damage pixels were
concentrated in a few disjunctive regions.
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Figure 2. Fire damage map of the study area for the Da®mmigng fire event with fire
damage values obtained using Equatin
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Table 2.Fire damage classification usitige z-scoremethod

Pre-Fire Year PostFire Year Standard Fire Damage . Percentage
) . z-Score Pixels

(1984 1986) (1987) Difference Class (%)
0.7708 0.6542 1291 1 Slight 5 2.44%
0.7764 0.5352 11~-0 2 Low 49 23.90%
0.7852 0.3868 0~1 3 Medium 94 45.85%
0.7884 0.2239 1~2 4 High 46 22.44%
0.8165 0.0524 2~999 5 Very high 11 5.37%

Figure 3. The fire damage of the entire burned area divided into five classes:
Very high (VH), High (H), Moderate (M), Low (L) and Slight (S).
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Figure 4. Fire sources and fire damage clas&&=y high (VH), High (H), Moderate (M),

Low (L) and Slight (S)The base map image is a composition of two Landsat 5 TM images
from June 1987 (false color composite bands:h&ad 7; greefband 4; blueband 1). Rryl

green grids were chose to track the detail vegetation signals using Landsat imagesiwith 30
spatial resolution.

122° OE 122° 30E 123° OE 123° 30'E 124° OE 124° 30E 125° OE

.Tu qgiang
k /- Jin tao "““.Source=}
9 Ty, [ 2
\ <)
/ Pangu

“.'

Wa la gan town |
O ‘

52° 30N | o gend
Settlements '
Post-fire Landsat image

O Population >10K l:l Fire damage classes - Red: Band7

Population 1-10k
* A - [ Green: Band 4
®  Population <1k vy Fire sources
B e Band

1 ! ) 1
122° OE 122° 30E 123° 0E 123° 30E 124° OE 124° 30E 125° 0E

Table 3.Five sourcef the 1987 large fire related to Figure 4

Fire Source Name Longitude Latitude Burned Area Ignition Reason
Sourcel Gulian 12222’ 5226 38x 10" ha Electric spark
Source?2 Hewan 12221' 5311' 33.8x 10 ha Smoking
Source3 Pangu 12323 52245' 28x 10*ha Unknown
Source4 Xingan 12222' 12222' 616 ha Smoking
Sourceb Yixi 12325’ 5305 587 ha Electric spark

3.2 Temporal Analysis of Posiire Vegetation Trajectory
3.2.1 Monthly Dynamics of PosFire Vegetation Trajectory

The relationship between pfiee (1986) and fire year (1987) NDVI values is illustrated in a series of
scattemlots (Figureb). The locaibn of the cloud of points shows a large shift away from the 1:1 line
when the fire occurred in May and a positive recovery trend after the fire. From January to April
(Figure 5ai d), the cloud of points is close to the 1:1 line, which indicates the NRWieg were
generally equal during periods without fire disturbances in both years. However, begsiews that
there was a sharp decrease when the fire occurred in May 1987. Following the fire event, there was ¢
rapid increase from June to August (Fighifieh), which was likely the NDVI response of the understory
vegetation (e.g., herbaceous and shrubs) to temperature or precipitation variasjBs} From
September to November, the Great Xingbéan Mount
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years with the spread of colored foliage and the percentage of fallen leaves increasing. Regardlégs, Figure
also shows clear NDVI departures when pastl prefire conditions are compared. This is because colored
leaves fall from grasses and shrubslevttie tree leaves remain green in October. The difference in NDVI
values appeared again in this month. Therefore, October was a better than the others to distinguidh post
prefire vegetation conditions using NDVI signals. Thereafter, this regionceasred by snow from
December to the following February. During this period, it is difficult to find evidence of fire effects on
vegetation from NDVI values due to the values reaching a minimum for the entire seasonal cycle.

Figure 5. Monthly scatterplot®f postfire normalized difference vegetation ind@DVI)
(1987) versusprefire NDVI (1986) ((a) January, If) February, ¢ March, d) April,
(e) May, () June, ¢) July, ©) August, () September,j{ October, k) November,
(I) Decemberjor the larg fire on May 1987.
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Shortly after the fire event, the NDVI signal should decrease significantly due to the disappearance of
green grasses and shrubs before rapidly increasing again in the following months because of the
re-growth of understory vegetation occurs and the phenology trajectory effect. Therefore, to avoid the
phenology effect we further compared monthly NDVI trajectories of the normal year (without fire) and
fire year (Figire6). The trajectory of black poin{average NDVI values for each month) is expected to
bedistributad alongthe 1:1 line when there is no disturbance; the monthly differences between the two
normal years are very small (lige6a). However, for the fire year, there was a large increabe ifire
month (May); most points following the fire are below the 1:1 line, indicating a pronounced decrease in
greenness due to the fire.

Figure 6. Monthly NDVI trajectories ofa) anormal year andb) thefire year. The points
within the green box remsentthe growing season (April to October), while the points
within the black box represerhe snow cover season (November to March). The red point
represents the month that tive occurred.

1984 NDVI
1987 NDVI

..............................................

1986 NDVI 1986 NDVI

(a) (b)
3.2.2. Yearly Dynamics of Poe§iire Vegetation

The entire study period (1982006) includes three parts: giege years (19841986), fire event year
(1987) and postfire years (19882006). Figure7 shows the evolution of RRI, which was calculated
using NDVI differences between fire scars and unburned control areas for the growing season average
(April to October) and June (the month right after the fire in 1987) time series. Zero on the time scale
represents the burn yeag,, relative year 0 was the year of the wildfire event. Relativeiygand +1
were years immediately before and after the fire event, respectively. In both series, there was an abrup
decrease in RRI values from 0it0.1 and 0.25 for the growing season average and June, respectively.
Both series had low temporal variability in the 4iire period that progressively increased in the
postfire period.

The June series RRI values decreased abruptly after the Banding fire in 1987 This decrease
was larger than for the growing season average time series. The RRI underwent a progressive increas
during the first four years following the fire. Different recovery trends have been explained in relation to
the species types instadland the biophysical constraints of the sj&3. Generally, understory grass
can recover to very high RRI values within several months following a fire. Dwarf shrubs also exhibit
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rapid regrowth capabilities, which can reach the saturating biomassvatage a short time scale

(3i 5 years). Therefore, the increase in this phase was mainly the result of survived dwarf shrub and
understory grass. There is a slight decrease in the relative year 5, which was mainly a consequence ¢
postfire logging and @nning. The RRI value was less than 0 during thefresperiod. However, the
recovery trend was well pronounced and the system tended to recoverdistprieance conditions.
Figure7 shows a good recovery at relative year 19 with RRI reaching zeia)) wkicates there was no
difference between burn scar and control plot. However, to confirm this result over a much longer
period, additional observations are required.

Figure 7. The evolution oRRI calculatedusingNDVI difference between fire scarscathe
unburned control area for the growing season average (April to October) and June (the
month immediately after the fire in 1987) time series. Zero on the time scale represents the
burn year,.e. relative year O is the year of the wildfire event.dRek yeari 1 and +1
correspondto the year before and after the fire event, respectively.
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3.3 Spatial Pattern and Trenénalysis of PosFire Stands Regrowth Index (SRI)

An annual stands regrowth index (SRI) series®stimated from the vegetation response after the
fire. Most of the burned pixels suggest that vegetation responses follow a positive trend, increasing their
annual SRI responses in subseqyeatrs (19882006) after tis fire event Figure 8). It is evidet from
the figure that substantial change occurred within this region from tt98806. There was a small
annual increase in SRI values during the first five years following the fire. However, there was a more
robust annual increase between years 1A.8nd the subsequent period. This change in the rate was due
to intensive salvage harvesting of standing dead logs in the first two years following the fire and then
coniferous trees were planted to restore the timber volume of coniferous species hechesad was
the main forest industry in this regid86]. Figure 9 presents a significance image and degree of
significance for the podtre stands regrowth index (SRI) trend from the study assag the simple
nontparametric ManKendall test (single igel-based analysis). The bhgeeen color shows the
statistically significant positive trends. Most of the study area had significant increases in SRI,
corroborating accounts of a general greening of the burned area during this period. A trend was
consideed statistically significant (2 18t  when the MarnwKendall (MK) statistics U was either
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pB @ O p&o ¢29,30]. Therefore, the degree of significance of the {fioststands regrowth
index (SRI) trend using a ngrarametric MantKendall test can be divided into four categories:
U < 11.96, significant downward trend;p8 ¢ U 0, downward trend, however not sificant;
. U 1.96, upward trend, however not significant; gg&b ¢ U, significant upward trend (Figure 9b).
Table 4 demonstratéisat all very high (VH) damage pixels had an upward trend; there was a significant
upward trend (MamiKendal significance (U) p&o ¢ for 18% of the pixels and monsignificant
upward trend for 82% of the pixelQur results agree well with the findings of similar researches
conducted byVangand Heet al [17,37]. They found thatarchabundance increases doencreasing
planting intensityandthe degree of increased abundance among these planting intecesitgrios is
different. The results also suggest that approximately 65% and 61% of the high (H) and medium (M) fire
damage pixels, respectively, underwent a-sigmificant upward trend. However, for the slight (S) and
low (L) damage classes, this number was very low because tree planting mainly occurred in the severely
burned area (approximately equal to the Medium, High and Very High fire damage areas combined).
The man species planted was gmelinii with a smallarea ofP. sylvestrisrar. Mongoliaand Korean
Spruce(Picea koraiensis Therefore, the severely burned area exhibited a better recovery trend than the
lightly burned regions, similar to the results ofétial. (2010). By 1997, approximately 50% of the
severely burned area had been reforested, mostly in high accessibility areas and locations with good sit
conditions. In the moderately burned areas (809%6 of trees dead), human promoted restoration was
corducted with mechanical plows. However, in the lightly burned areas (less than 30% of trees dead),
natural regeneration was permitted to od&6i. Additionally, Wangand Heet al believed thaspatial
pattern of plantation also influences the three gseavithhigher larch and pine abundance and lower
white birchabundance under dispersed planting than that under aggrpatedg[37].

Table 4. The degree ofsignificancefor the postfire stands regrowth index (SRidends
using anonparametric MantKendall test.

Mann-Kendal Significance(U)

i 8 8 Uu o U 1.96 8 U
Fire Damage Class N Downward Trend, I
Significant Upward Trend, Significant
However Not L
Downward Trend o However Not Significant Upward Trend
Significant
Slight Pixel counts 0 2 3 0
(S) Percentagéo) 0% 40% 60% 0%
Low Pixel counts 3 33 12 1
(L) Percentagéo) 6% 67% 24% 2%
Medium Pixel counts 3 32 57 2
(M) Percentagéo) 3% 34% 61% 2%
High Pixel counts 0 13 30 3
(H) Percentagéo) 0% 28% 65% 7%
Very High Pixel counts 0 0 9 2

(VH) Percentagé) 0% 0% 82% 18%
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Figure 8. The trajectory othe postfire stands rgrowthindex (SRI) for theelativeyearl,

5, 10, 15 and 19.
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Figure 9. (a) The stands regrowthindex (SRI) significance distributionusing a
nonparametric MantKendall test angb) the degree of significance degree for the {iost
stands regrowth index (SRI) trend using a-panametric MarvKendall test
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3.4. Assessment against LandsdVI

With higher spatial resolution thadOAA/AVHRR, enable the delineation dfDVI with a higher
degreeof accuracyWe attempted to assess thgreement of th6&IMMS NDVI by comparingwith
NDVI extractedby Landsat TMETM+ sensorsWe used Landsat TM and ETMdata due to the
relatively high spatial30 m) and spectral resolution of the sensdvkoreover Landsat TM data
are availablen the 1980s;theresponsef postfire vegetatiormay be estimated using these d&ise
8 km x 8 km simples wereacquiredfor the same locatiowith GIMMS NDVI to track the detail
vegetation signals in Landsatagery(Figure 4).Landsatimages were selected close date (6 June
1986,15 June 198719 June 2000 and2 June 2004)n order toavoidtheinfluences ofphenologcal
differences Table 1 and Figure }0To account for differences in the temporal resolut@®iyiIMS
15-dayimages nearest tahe Landsat sample acquisition datereselected.

Figure 10. Landsat TM/ETM+ images (RGB:432) illustratifige-causedchangeson the

groundvegetation The locations of these five tracked simples can be fourkiguare 4.

Minus and pus sigrs represenprefire and posfire period respectively Fire damage
classesVery High (VH); High (H); Moderate (M); Low (L); Slight (S)

Figure 11 shows a similar the NDVI trends of GIMMS and Land€atMMS dataset appears
positively biased compared t@andsatNDVI values LandsatNDVI values confirm that the GIMMS
dataset overestimates NDVI in this regiarich is likely due to GIMMS NDVYconsisting primarily of



