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Abstract Hill fires are common in Hong Kong. In February 2007, a hill fire burnt an area of around 1 km2 
on the hillslopes of Tai To Yan providing the opportunity to examine the effects of fire. Descriptive statistics 
in the form of the 25th, 50th and 75th percentiles show an increase in storm-period suspended sediment 
concentration compared to the year preceding the fire (2006). Similar results were observed for a fire in 
December 2004. Storm-period suspended sediment data for the years 2008–2011 show evidence of a return 
to pre-fire levels. Regular weekly sampling for suspended sediment for the years 2006 to 2010 indicates that 
fire resulted in an increase in the dry season median value in 2007 compared to that in 2006, the year 
preceding the burn. Weekly sampling has been undertaken during 2006 to 2010 for chlorophyll-a in the 
stream water, and the results are elaborated upon in terms of the impact of fire on water quality. 
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INTRODUCTION 

In Hong Kong, wildfire is referred to as hill fire. Marafa & Chau (1999) have observed that half of 
the area within Hong Kong country-park boundaries (442 km2) has been burnt at least once in the 
last 12 years, whilst Owen & Shaw (2007) suggest that about 5% of the land area is burnt 
annually. Over a 10-year period from 2001/2 to 2009/10, the Agriculture, Fisheries and 
Conservation Department reported 551 hill fires within or threatening Hong Kong Country Parks, 
whilst the Fire Services Department attended 1295 and 819 vegetation fires in 2009 and 2010, 
respectively. The existence of grassland and shrubland on the hillslopes of Hong Kong provides 
the fuel for wildfires, and these are the types of vegetation most commonly affected (Chan, 2005). 
Chan (2005) also noted that hill fires tended to be more frequent on slopes with an easterly to 
southerly aspect, which gave a longer exposure to sunlight thereby promoting drier fuel, often 
grass, for ignition. The study by Chan (2005) revealed that the elevations with the highest fire 
frequency were 190−380 m PD. Generally speaking, hill fire is not natural in Hong Kong (Chan, 
2005) and most fires result from human activity. Both Chau & Corlett (1994) and Chan (2005) 
attest to the seasonality of hill fire occurrence in Hong Kong; they are typically associated with the 
dry season (October to April). The high rainfall and higher humidity levels in summer do not 
promote the ignition and spread of hill fires, whilst Chan (2005) suggests that the comparatively 
low relative humidity in the dry season may be an important control. The two hill fires that were 
included in this study occurred in December 2004 and January 2007, coinciding with the dry season. 
 Hill fires have been demonstrated to affect soil erodibility in Hong Kong (Ternan & Neller, 
1999) whilst Vohora & Donoghue (2004) indicate a causal linkage to slope degradation, including 
landslides. Peart et al. (2009) have identified that hill fire impacts upon soil erosion and suspended 
sediment transport in Hong Kong. A recent hill fire in early February 2007, in a small upland 
catchment, of which 80% burned, afforded a further opportunity to examine the effects of fire 
upon sediment production in Hong Kong and the observations are presented in this paper. 
 
 
STUDY AREA AND METHODS 

Hong Kong has a subtropical climate with a hot, wet summer and cool, dry winter. Climatological 
data for 1971−2000 give an annual average rainfall of 2383 mm, of which more than 80% 
occurred in the months of April to September. Mean annual air temperature is 23.1°C, with  
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Fig. 1 Location of the study area. 

 
monthly mean air temperatures ranging from 16.1°C to 28.7°C. Mean annual relative humidity for 
1971−2000 is 78% and ranges from 69% in December to 84% in May. The topography of Hong 
Kong may be described as rugged, with altitudes ranging up to 957 m PD on the highest peak of 
Tai Mo Shan. Where the soil is poor or frequently affected by fire hillslopes may be covered by 
grass, but in other areas shrubs may dominate. Some woodland and plantations are observed on 
hillslopes. About 40% of the land area is designated under the Country Parks Ordinance. 
 The study area (Fig. 1), located on the slopes of Tai To Yan in the Northwest New Territories, 
has a vegetation cover predominantly comprising grass, fern and shrubland (Hill et al., 2004), 
which is typical of Hong Kong (Dudgeon & Corlett, 2004). Fires have occurred in the area with 
burns recorded in 1988, 1990, 1992, 1995, 1998, 2004 and 2007, and Chan (2005) also confirms 
that the area is susceptible to fire. The occurrence of fire has influenced vegetation development in 
the area and is reflected in the dominance of grass, fern and low shrubland. The geology consists 
of volcanic tuffs with some siltstone/sandstone interbeds and granodiorite. Colluvium is 
widespread on the lower slopes. Small-scale landsliding occurred in the upper source area of the 
drainage system in 2001 and 2003, triggered by rainfall. For the period 1999−2010, mean annual 
rainfall at the nearby Kadoorie Farm and Botanic Garden gave an average annual rainfall of 
2772.9 mm, with considerable inter-annual variation. 
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 Suspended sediment production has been monitored in this small upland headwater catchment 
(0.052 km2), which is located in the Kam Tin drainage basin. The outlet of this small basin is 
around 120 m PD, whilst the highest point is around 380 m PD. The average slope gradient is 30°, 
with some areas being over 50°, which compares with between 15 and 60° for 66% of Hong Kong 
slopes (Styles & Hansen, 1989). Suspended sediment sampling began in this drainage basin from 
1993, with typical sample volumes being 400–500 ml. Manual sampling, from the centre of the 
<1-m wide channel, and an ISCO model 2700 automatic sampler, were used to collect samples 
under a range of streamflow conditions and stage-levels throughout any given year. The sampling 
strategy has included periods of regular-interval weekly sampling. Upon return to the laboratory, 
the suspended sediment was separated by filtration using pre-weighed GF/C filter papers and 
suspended sediment concentration determined by oven drying (at 103–105°C) to a constant 
weight. For determination of chlorophyll-a, sampling was undertaken on a regular weekly 
schedule. Water samples were collected, transferred to the laboratory and filtered as soon as 
possible through a GF/C filter paper. Acetone was used to extract the chlorophyll and a 
spectrophotometer measured extinction at 665 nm. The method is based upon Golterman (1970) 
and Lorenzen (1967). For both suspended sediment and chlorophyll-a, the non-parametric 
Wilcoxon rank-sum test, which avoids the assumptions regarding data associated with parametric 
tests, has been used to compare the data and the 95% significance level adopted. The tests were 
done using the R-project statistical package. 
 
 
RESULTS 

The summary descriptive statistics of the storm period suspended sediment concentration data 
(2004–2011) for the study basin are presented in Table 1. From Table 1, it can be seen that the two 
years in which the basin was affected by fire, namely 2005 and 2007, exhibited an increase in 
suspended sediment for the percentile values compared to the preceding and non-fire years of 2004 
and 2006, respectively. Moreover, there is a statistical difference at the 95% significance level 
between 2004 vs 2005 and 2006 vs 2007, suggesting that fire raised suspended sediment in the 
stream compared to the preceding years. The respective increases in medians are 8.3 and 3.0 mg/L, 
which equate to 148% and 16%. Comparison of 2007 with 2008 median values in Table 1 reveals 
that 2008 is higher compared to 2007 by 7.3 mg/L, and that there is no statistically significant 
difference between the two data sets at the 95% level, suggesting that suspended sediment levels 
remained high in 2008 over 12 months after the fire of January 2007. Aggregation of the years 
2008, 2009, 2010 and 2011 gives a median value of 16.8 mg/L, lower than the 21.7 mg/L observed  
 
 
Table 1 Storm period suspended sediment statistics (mg/L). 
Year Percentiles:  Sample size 
 25 50 75  
2004 2.7 5.6 10 77 
2005* 5.7 13.9 34.5 196 
2006 9.8 18.7 41.8 229 
2007* 11.3 21.7 61.8 173 
2008 12.5 29 67.5 128 
2009 3.7 8.9 18.3 164 
2010 16.7 36 92.4 73 
2011 5.7 12.9 30.1 89 
     
2005 + 2007* 8.5 17.8 46.3 369 
2004 + 2006 6.6 13.8 37.2 306 
2006 + 2008 10.2 22.6 50.2 357 
2008, 2009, 2010 + 2011 6.5 16.8 43.7 454 
* fire affected 
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Table 2 Weekly sampling median suspended sediment concentrations (mg/L). 
Year Dry season Sample size  Wet season  Sample size 
2006 3.52 20 5.8 17 
2007* 5.74 17** 5.51 21 
2008 3.17 22 5.63 24 
2009 4.9 18 3.15 18 
2010 4.04 25 8.3 24 
2009–2010 4.49 106 5.69 104 
*  fire affected 
** no data in January pre-fire 
 
 
Table 3 Weekly sampling median chlorophyll-a concentrations (µg/L). 
Year Dry season Sample size  Wet season  Sample size 
2006 0.33 20 0.28 17 
2007* 0.45 17** 0.38 21 
2008 0.19 22 0.33 24 
2009 0.16 18 0.22 18 
2010 0.23 25 0.22 24 
2006–2010 0.24 106 0.24 104 
*     fire affected  
**   no data in January pre-fire 
 
 
for the 2007 fire-affected year. Statistical testing of the 2007 year against the combined 2008–2011 
data sets reveals a significant difference at the 95% level. This suggests that suspended sediment 
concentrations are gradually declining to below post-2007 levels. 
 Regular weekly sampling of suspended sediment has been undertaken in the drainage basin, 
and at the same time bulk water samples were collected for chlorophyll-a determination. The 
results from the regular sampling programme for suspended sediment and chlorophyll-a are 
presented in Tables 2 and 3, respectively. In terms of suspended sediment, the annual median 
suspended sediment concentrations for the years 2006–2010 range from 3.17 to 5.74, and 3.15 to 
8.30 mg/L, respectively, for the dry and wet seasons. The fire year of 2007 does have the highest 
dry season median value, and at 5.74 mg/L the concentration is 2.2 mg/L, or 63%, higher than the 
2006 value of 3.52 mg/L. The fire impacted dry season data for 2007 are significantly different at 
the 95% level from the dry season data of 2006, 2009 and 2010, but not 2008. It should be 
noted that the concentrations are very low and are also much smaller than for the equivalent 
storm period median values during corresponding years. Comparison of the wet season data for 
the regular interval sampling is complicated by the occurrence of storm events. 
 Regarding chlorophyll-a, Table 3 reveals that the dry season samples for 2007 exhibited the 
highest median, with a value of 0.45 µg/L. However, the variation across the years is small. 
Statistical testing reveals no significant difference at the 95% level between 2006 vs 2007, and 
2007 vs 2006, 2008, 2009 and 2010. The wet season data also reveals limited inter-annual 
variation in chlorophyll-a, and there is no statistically significant difference at the 95% signifi-
cance level between 2007 and other years. In general, the concentrations for chlorophyll-a are 
low and for the 2006–2010 data, the median dry and wet season chlorophyll-a values are 0.24 
and 0.24 µg/L, respectively. Regarding chlorophyll-a, the fire of January 2007 did therefore not 
result in great change on the basis of the data assembled using regular weekly sampling. 
 
 
DISCUSSION 
As noted above, the data in Table 1 suggest that in the year immediately following fires, namely 
2005 and 2007, the median storm period suspended sediment concentration was higher than in the 
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preceding year: hill fire results in an increase in storm period sediment concentrations. Data for 
two other fire years in the same basin, namely 1996 and 1998, show the same pattern with median 
storm-period suspended sediment concentrations being 5.3 and 2.3 mg/L higher, respectively, than 
in the year preceding the fire; these are equivalent to 88% and 24% increases. The two hill fire 
events of December 2004 and February 2007 provide evidence that the burning of vegetation can 
result in enhanced suspended sediment concentrations. An increase in suspended sediment 
concentrations following fire has been reported by previous work, including, amongst others, 
Veenhuis & Bowman (2002) and Malmon et al. (2007). Table 1 shows that the annual median 
suspended sediment concentrations for the years 2006 and 2008 were greater than the fire 
impacted years of 2005 and 2007, respectively. This suggests that the impact from the fires of 
December 2004 and February 2007 on the storm-period suspended sediment may extend beyond 
the first 12 months following a burn. This finding is in contrast to data reported by Peart et al. 
(2009) for earlier fire events in the study drainage basin. The prolongation of the effects of fire 
upon suspended sediment concentrations may be due to climate, as 2006 and 2008 were 
comparatively wet with annual rainfall totals at the adjacent Kadoorie Farm and Botanic Gardens 
of 3256.5 mm and 3483.7 mm, respectively. In addition, Kunze & Stednick (2006) have shown 
that sediment storage can affect post-fire sediment production. It should also be noted that there is 
a statistically-significant difference between 2007 and the combined 2008, 2009, 2010 and 2011 
data sets indicating a decline in storm-period sediment concentrations over the longer term after 
the February 2007 fire. Bearing in mind any limitations of the sampling strategy, evidence of a 
change in sediment concentrations following a hill fire in an upland catchment has been presented. 
However, it should be noted that the response of suspended sediment to fire may be complicated 
by, for example, sediment delivery and storage (Kunz & Stednick, 2006; Shakesby & Doerr, 
2006), the type and sequence of storm events, both pre- and post- fire (Desilets et al., 2007; Smith 
et al., 2010) and, the extent and severity of the burn (Rhoades et al., 2011). 
 Evidence of an increase in storm period suspended sediment concentrations following hill fire 
has been presented. However, the median values and 75th percentile values presented in Table 1 
show that the concentrations are comparatively low. This may reflect vegetative cover 
regeneration. For example, for the fire of December 2004, which affected sediment production in 
2005, vegetation cover on three monitoring plots had reached 88%, 79% and 70% by November 
2005 and, at one other plot, 99% by August 2005. For the fire of February 2007, data from two 
monitoring plots reveal live vegetation coverage of 25% and 33% by 11 April 2007, 65% and 71% 
by 24 May 2007, and 98% and 97% by 28 August 2007. A further contributing factor may be that 
during the hill fire of January 2007, soil moisture associated with the drainage system prevented 
ignition and burning of vegetation in some of the riparian zone. This riparian vegetation may have 
acted as a filter, reducing sediment delivery to the basin outlet.  
 The study basin stream is part of the Kam Tin drainage basin, which is one of the largest in 
Hong Kong. As part of the Hong Kong Governments attempts to improve water quality in surface 
waters, a series of Water Quality Objectives have been introduced. For the Kam Tin drainage 
basin, the suspended sediment Water Quality Objective is a median value of <20 mg/L based upon 
monthly sampling. Table 1 reveals that for the eight years of data, only three (2007, 2008 and 
2010) have median values that exceeded 20 mg/L. Moreover, for the eight years of data presented 
in Table 1, the highest 75th percentile was only 92.4 mg/L, which is low. For example, in 
comparison Peart (1997) reports a storm period sampling 75th percentile value of 954 mg/L for 
346 samples, for the period 1991–1995 in the nearby Lam Tsuen River, which during 1991 and 
1992 was impacted by roadwork’s. The low values for the 75th percentiles observed in this study 
basin are evidence of the protective effect of vegetation that has previously been demonstrated by 
Lam (1978) in a study of three small catchments at Tai Lam Chung, also in the New Territories of 
Hong Kong. 
 The concentrations of chlorophyll-a in streams and rivers may be influenced by physical, 
chemical and biological factors and processes (Neal et al., 2006). If the occurrence of fire in the 
basin had resulted in a large change in any of the factors controlling chlorophyll-a concentrations, 
then it might be expected that 2007 would have distinctive levels of chlorophyll-a. For example, 
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the burn of 2007 could have reduced the shade afforded to the stream channel by riparian 
vegetation allowing more sunlight and thereby stimulating primary production of aquatic algae. 
Light availability is an important driver of primary production in tropical streams and rivers and 
green algae require much higher light intensities compared to diatoms or cyanobacteria (Davies et 
al., 2008). Indeed, Dudgeon (1988) has shown that for Hong Kong streams, the lowest standing 
stock of periphyton occurred in shaded streams. A further control on light availability is suspended 
matter (Lewis, 2008). Table 2 illustrates that regular weekly sampling reveals no great difference 
in suspended sediment concentrations for the year affected by the hill fire, 2007, compared to the 
years of 2006, 2008, 2009, 2010 and 2011 and, furthermore, Table 1 indicates that whilst fire may 
result in higher median values of storm-period suspended sediment compared to the preceding 
year, the increases were 8.3 and 3.0 mg/L, respectively, for the fire years of 2005 and 2007. These 
values are too low to result in a change in light availability (Lewis, 2008). Ganf & Rea (2007) 
reported that the Queensland Water Quality Guidelines for the wet tropics recommend that 
chlorophyll-a concentrations for rivers should be <3 µg/L. The annual median values presented in 
Table 3 are well below this value and for the years 2006, 2007, 2008, 2009 and 2010, only zero, 
four, three, zero and two recorded values were greater than 3 µg /L, respectively. 
 In terms of comparison, Zhang et al. (2011) reported values for chlorophyll-a in the Pearl 
River Estuary of from around 0.83 to 11.77 µg/L, with the observed values in the study catchment 
being similar to the lower values reported by Zhang et al. (2011). Table 3 suggests that fire has not 
impacted the chlorophyll-a content of water in the study stream as 2007 is similar to the other 
years for which chlorophyll-a data are available. 
 
 
CONCLUSION 

Based upon observations in a small upland drainage basin in Hong Kong and bearing in mind any 
limitations of the sampling strategy, hill fire may result in an increase in storm-period suspended 
sediment concentrations. Data for 2008, 2009, 2010 and 2011 suggest a gradual decline of storm- 
period sediment concentrations to pre-fire levels. Regular weekly sampling suggests an increase in 
dry season sediment concentrations (which reflect low-flow conditions) in the fire affected year of 
2007, compared to the dry season of the preceding year, but the suspended sediment 
concentrations are in general low. Chlorophyll-a values in runoff from the basin appear not to have 
changed post-fire. 
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