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Figure 24 Young tree stands within the Santee Experimental Forest  (taken by author 
October 7, 2011). 

 

An overall decrease in initial vegetation coverage within the SEF post-Hugo was 

measured. The first satellite image measuring vegetation cover was obtained from 

1987, two years prior to the hurricane and again 14 days post-hurricane. Vegetation in-

dices measured from Landsat 5 satellite imagery showed a 0.131 reduction in Normal-

ized Differencing Vegetation Index (NDVI) value from October 30, 1987 to October 03, 

1989 (date of storm). There are multiple indicators that point to Hurricane Hugo as the 

reason for this initial mass reduction in vegetation cover. First, Hurricane Hugo was the 

only significant tropical cyclone within this time period to influence the region. Second, 

past studies (Cooper-Ellis et. al., 1999 ; Smith, 1997) indicate that high wind speeds are 

among the most significant factors that cause vegetation damage during a hurricane. 
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Wind speeds at the study area during Hurricane Hugo were estimated to be 121 miles 

per hour (Hook et. al., 1991), which explains why up to 74% of the forest was damaged. 

Thus, it is likely that the reduction in NDVI values is related to the loss of canopy and de-

foliation caused by the powerful winds from Hurricane Hugo. 

Beyond investigating the amount of damage in the SEF caused by Hurricane 

Hugo, we also investigated the timescales needed for a coastal plain forest to reach 

recovery in terms of vegetation cover. Considering its location relative the path of the 

storm, the study site experienced extensive vegetation damage. Due to high wind 

speeds, vegetation defoliation is the most common effect of hurricanes on forests 

(Lugo, 2008), while some individuals may also experience snapping and breakage, 

which would explain the decrease in overall NDVI values for the 1989 post-Hugo image. 

Foliage height profiles show a clear distinction between canopy defoliation, which 

exhibits higher levels of defoliation compared with understory defoliation in areas that 

were affected by hurricane winds (Lugo, 2008). This was consistent in the SEF, the 

tallest trees sustained the greatest damage from Hurricane Hugo, while the vegetation 

comprising the understory, suffered less damage (Hook et. al., 1991). In the aftermath 

of Hurricane Hugo, the canopy was fragmented due to fallen trees and defoliation, 

which lead to a decrease in chlorophyll activity. Decreased chlorophyll activity may 

lead to lower absorption rates of the red band, thus resulting in lower NDVI values, 

which was the expected result.  

After the initial decrease in chlorophyll levels, the NDVI values showed that the 

SEF had a large vegetation cover recovery after a ten-year period (1989-1999). It was 

not expected that the NDVI values for the 1999 (recovery image) image would surpass 

the values of the 1987 image (pre-Hugo), only 10 years after Hurricane Hugo. Factors 

that influence NDVI values were examined to determine the cause of the unexpected 
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increase. NDVI values are associated with vegetative factors that include growing 

vegetation, cover percentage, leaf area index, and green biomass (Di et. al., 1994). A 

large influence in these identifying factors is soil moisture, which is linked to precipita-

tion. In order to determine if a variation in soil moisture affected NDVI values for the 

study area, precipitation levels were examined for a period of three months (July, Au-

gust, and September) leading up to the image acquisition month of October (Table 9). 

Although NDVI levels are influenced by precipitation, in this study, it can be deduced 

that precipitation levels were not the cause of differentiating NDVI values because 1987 

(25.05 in) experienced more precipitation during this time period and still sustained 

lower NDVI values than in 1999 (16.4 in) and 2011 (11.64 in). 

The high NDVI values represented in the two recovery images (1999 and 2011) 

can be attributed to a drastic change to the forest’s environment due to the loss of its 

canopy. The changes include an increase understory light, temperature increase, and a 

decrease in relative humidity (Lugo, 2008). Tree fall gaps created by downed trees and 

defoliation increases the available light, which lead to forest regeneration (Bellingham 

et. al., 1996). Following Hurricane Hugo the trees comprising the understory received 

substantially more energy after they were released to the canopy.  

The recovery process after a major disturbance such as a hurricane is largely 

determined by residuals (Chazdon, 2003). Residuals are the organisms or their seeds 

that survived the disturbance (Turner & Dale, 1998). The recovery process that follows 

an intense wind event follows a course of secondary succession due to the presence of 

residuals (Whitemore & Burelsome, 1998).  Although, trees may sustain high levels of 

damage, many species have the ability to resprout (Chazdon, 2003). The understory of 

the SEF received less damage than the canopy, this combined with increase light expo-
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sure allowed residuals from the understory to regenerate, and this would explain the 

rapid regeneration of vegetation cover. 

Older trees exhibit low vitality and contain dead vegetation in the canopy. The 

presence of canopy gaps would allow opportunity for younger trees to populate. NDVI 

values for the 1987 pre-Hugo images were lower than the 1999 image due to the pres-

ence of younger vegetation in the latter image. The NDVI values for the 1999 images are 

higher because younger stands are more responsive to phenology in greenness (Song 

& Woodcock, 2003). The higher NDVI values can be attributed to the growth of new fo-

liation in the canopy (Song & Woodcock, 2003). Furthermore, younger stands have 

higher NDVI values because the new understory growth has a larger influence on the 

remotely sensed signal than in old growth stands (Song & Woodcock, 2003). The small 

increase in NDVI values from 1999 to 2011 can be attributed to the continued growth of 

younger tree stands. 

The results of land cover change detection showed that the largest land cover 

change between 1987 and 1989 was from forested land to damaged forest/flooded 

vegetation (4,465) acres. The increase in flooded vegetation can be attributed to the 

increase in moisture content, which was evident in the post-Hugo classification. The in-

crease in damaged forest is a direct result of the wind trauma experienced by the vege-

tation during the disturbance. Wind caused defoliation, snapping, and uprooting, which 

was clearly identified in the unsupervised classification process for the post-Hugo im-

age (1989). Not surprisingly, ten years after Hugo (1999), all flooded vegetation land 

cover returned to forest cover. This is due to a subsidence of floodwaters within the 

study area. Areas that were previously damaged vegetation changed to forest cover or 

grassland/shrubland. Areas that returned to forest cover can be attributed to the re-

generation of residuals and pioneering species.  After a period of 20 years (2011) the 
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forest cover in SEF was back to 98% similar to the 1987 image. The results from the 

land cover change detection are consistent with NDVI values in that much of the vege-

tation cover returned to the SEF after a 10-year period.  

 

5.5.5.5. SUMMARY OF MAJOR FINDINGS AND RECCOMNEDATIONS FOR FUTURE SUMMARY OF MAJOR FINDINGS AND RECCOMNEDATIONS FOR FUTURE SUMMARY OF MAJOR FINDINGS AND RECCOMNEDATIONS FOR FUTURE SUMMARY OF MAJOR FINDINGS AND RECCOMNEDATIONS FOR FUTURE 

STUDIESSTUDIESSTUDIESSTUDIES    

The objectives for this study were all accomplished, as the study was able to de-

termine the extent of the damage in the Santee Experimental Forest following Hurricane 

Hugo, monitor the vegetation cover recovery process of the Santee Experimental For-

est after a twenty-two year period, and confirm that remote sensing can be used to 

monitor long-term recoveries in coastal plain forest landscapes. The initial impacts 

from Hurricane Hugo from 1987-1989 on the SEF vegetation were accurately identified. 

The forested areas in the SEF were drastically reduced from 6,048 acres to 1,587 

acres, which is equivalent to a 74% decrease. Intense winds and flooding from Hugo 

contributed to 4,465 acres of damaged forest and flooded vegetation. The 1987-1989 

changes were clearly depicted in the unsupervised classification and were supported 

by the NDVI values due to the decrease in chlorophyll activity. 

The 1999 unsupervised classification image showed a 64% forest cover regen-

eration from 1989 and an additional 11% by 2011. Although the forest cover was more 

extensive in the 1987 image compared to the 1999 image, the NDVI values were higher 

for the latter. The NDVI values for the 2011 images exhibited an increase as well, but at 

a slower rate. This can be explained by the increase in young vegetation. The phenol-

ogy in younger tree stands are more responsive to the NDVI band combination because 

growing vegetation has a lower red reflectance due to the absorption by chlorophyll, 

whereas stands that contain an aging canopy contain dead vegetation that is no longer 



50 
 

active.  This proved the final objective of the study, which was to confirm that NDVI can 

be used to monitor forest recovery.  

The recovery in vegetation cover after a 22-year period provided an example of 

the resilience of a coastal plain forest after a large disturbance. Throughout the course 

of the study, new questions evolved that require additional investigation. Future studies 

are needed to determine the recovery timescales needed by other forest types that are 

subjected to frequent hurricane activity. Furthermore, future research can continue to 

monitor the SEF recovery to determine when NDVI values return to pre-Hugo level, this 

will show the full recovery process.  

 

6.6.6.6. CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION    

This study shows that Landsat TM images combined with remote sensing tech-

niques such as NDVI and the ISODATA algorithm can be utilized to help monitor the ini-

tial effects and recovery of vegetation cover in a coastal plain forest. These techniques 

can be used by the forest service to determine stands that are recovering successfully 

from a large natural disturbance over long periods of time, with relative low cost com-

pared to field surveys.  
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