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Abstract 

The aim of this work is to study the spatio-temporal effects of a grassland fire in Lithuania. Immediately after the fire, 
a experimental plot was designed in a east-faced slope. Vegetation cover and height were measured 10, 17, 31 and 46 
days after the fire (vegetation cover was only measured until 31 days after the fire because in the last measurement 
campaign the plot was completely covered). The results showed that vegetation recovered very fast. Ten days after 
the fire vegetation cover and height distribution were heterogeneous, decreasing with the time due to vegetation 
spread. Vegetation recovered was specially observed between 17 and 31 days after the fire due vegetation 
recuperation. This increase might reduce the soil vulnerability to erosion However, the spatial structure of this 
recuperation was different in both variables, and spatial autocorrelation was higher in vegetation cover than 
vegetation in height in all measurements. Despite these differences, vegetation cover and height values were higher in 
the bottom part of the plot that was attributed to lower fire severity and ash and nutrient transport.       
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1. Introduction 

Fire is a global phenomenon with important implications in many earth ecosystems. It is considered as 
a “global herbivore” and, with exception to polar environments, it is difficult to find a place not visited by 
fire. In addition, fire is linked to many ecosystems life history and evolution. Fire is an ecological factor 
[1,2]. Traditionally, research on forest fires effects on ecosystems has been carried out in Mediterranean 
environments due the impact of summer wildfires [3,4,5,6]. These fires are considered catastrophic for 
human goods [7,8]. Often, boreal ecosystem receive the visit of fire, and it is considered an important 
disturbance [9] especially in the recent years due climate warming [10,11]. Several studies about fire 
effects on boreal vegetation recover were carried out in Eurasia [12,13,14] and North America [15,16,17]. 
Spatio-temporal variability of fire severity in boreal ecosystems depends on biophysical environment (e.g. 
slope, aspect, elevation, fuel characteristics as type, distribution, connectivity, density, package and 
meteorological variables as moisture and wind). Fire is a process that changes with time and trigger 
different impacts in the boreal area [18]. Most of the research about fire impacts in vegetation recover in 
boreal ecosystems was carried out in the forests. Little is known about the effects of fire in boreal 
grasslands vegetation recuperation, especially in the immediate period after the fire, where the major 
changes occur (e.g ash and sediment transport), with implication on nutrients distribution and plant 
recuperation [19, 20, 21].  

Mapping spatial distribution of variables is important to be able to understand how processes change 
in space and time [22]. This is especially relevant in burned areas, because they are subjected to important 
changes in ash transport, soil protection [19, 20, 23] or in soil physical and chemical properties [24, 25]. 
Some works have been carried out in mapping vegetation recover after fire using remote sensing 
techniques, in a small scale resolution [26, 27]. However, little information is available in international 
literature about vegetation recuperation in small plots, where important processes occur and are ignored in 
small scale studies [19].    

Vegetation recovery spatial assessment is a crucial study in recent burned areas. Vegetation response it 
is a good indicator of ecosystem resilience and soil protection, minimizing the effect of erosion agents in 
soil [28]. In addition, the great majority of the studies do not consider short-term changes and studies in 
burned areas are carried out considering large time intervals (e.g. months or years) [29, 30], ignoring the 
impacts occurred in the immediate period after. The aim of this work is to study the spatio-temporal 
vegetation recovery in the immediate period after a spring grassland fire.                    

2. Materials and methods 

2.1. Study area 

The studied area is located near Vilnius urban area (Lithuania) at 54  42’ N, 25  08’ E, 158 m.a.s.l. 
where grassland fires are common after the winter, to remove old grass and dead material so fields are 
clean for spring and summer cultivations. This low severity fire occurred in April 15th of 2011 affecting 
an area of 20-25 ha. Soils are classified as Eutric podzoluviols [31] and the vegetation was majorly 
composed by Leontodon autumnalis and Anthoxanthum odaratum, characteristics of semi-cultivated 
grasslands of Cynosurion cristati. The research was carried out in an experimental plot designed in an 
east-faced slope with 15% of inclination. Four parallel transects of 1m distance and 20 m of length were 
vegetation cover was measured with small plots of 0.25 x 0.25 m, adjacent along the transects [32]. 
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Vegetation cover was assessed visually. The height of the dominant species (Leontodon autumnalis and 
Anthoxanthum odaratum) was assessed in four individuals in each sampling point and the average of it 
was assigned to the point inside the small plots. The vegetation recover assessment was carried until 
vegetation showed strong signs of recuperation. Measurements for vegetation height were taken 10, 17, 
31 and 46 days after the fire. For vegetation cover, the assessment was only carried out in the first three 
periods. Forty six days after the fire the plot was reached a 100 % cover. In each period we measured both 
variables in 164 sampling points.    

2.2. Statistical and spatial analysis 

We applied statistical analysis of vegetation cover and height, specifically mean, standard deviation 
(SD), coefficient of variation (CV%), minimum (Min), maximum (Max), skewness (skew) and kurtosis 
(kur) in order to analyze data distribution. Prior to data treatment, the normal distribution was assessed 
with the Kolmogorov-Smirnov test (K-S). In this study, vegetation cover data only respected the Gaussian 
distribution after a neperian logarithm transformation (ln) and vegetation height after a box-cox (B-C) 
transformation. Comparisons among periods were carried out with an Anova repeated measures test, 
using the transformed data. If significant differences were founded (at a p<0.05) a post-hoc Fisher LSD 
test was applied. The correlation between vegetation cover and height was carried out with the non-
parametric Spearman correlation coefficient. For spatial modeling proposes, data were transformed to 
minimize the effects of the outliers and back-transformed in order to observe the spatial distribution of the 
real values. This procedure is commonly used when original data in severely skewed [33].     
Data spatial correlation was assessed with the Moran’s I index. This index was used to identify the spatial 
changes of vegetation cover and height among the neighboring points using the Euclidian distance. With 
this information we can observe if the data it is spatially correlated. Moran’s I index is a measure similar 
to Pearson correlation coefficient, +1.0 means strong positive spatial autocorrelation (clustered), 0 it is a 
random distribution and -1.0 is a strong negative autocorrelation (dispersion) [19].  

Data spatial variability was assessed with a semi-variogram that identifies the spatial continuity of 
vegetation cover and height. It is obtained calculating the semi-variogram values at different lags. These 
values are fitted with different theoretical models. The most common are the spherical, exponential and 
Gaussian. These models give an idea about the spatial structure of Kriging interpolation [34]. In the 
present study the omni-directional semi-variogram was assessed, it assumes that the variability of the 
variable is equal in all directions. The amount of sampling points is higher than the minimum required to 
have a stable variogram (100-150) [19, 35]. The variable spatial dependency was assessed with the 
nugget/sill ratio. If the ratio is <25% the spatial dependency is high. Between 25% and 75% the spatial 
dependency is moderate and >75% the spatial dependency is weak [36].  

Spatial estimation was carried out with Kriging method that provides a considerable number of 
methods for estimate values in unsampled points [37]. The great advantage of Kriging in relation to other 
methods is the estimation of the spatial correlation among sampling points [38]. In this work for spatial 
interpolation we used the ordinary Kriging method. Statistical analysis was carried out with Statistica 7.0 
(Statsoft) and spatial analysis and interpolation with ArcGis version 10.1 (ESRI) for windows.    

3. Results and discussions 

3.1. Descriptive parameters 

The results show significant differences in vegetation cover (F=1277.50, p<0.0001) and vegetation 
height (F= 1727.67, p<0.0001). Vegetation recuperation increased with the time and, especially, in the 
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period between 17 and 31 days after the fire. In opposition, the CV% decreased with the time in both 
variables (Table 1a and b). The correlation vegetation cover vs vegetation height was 0.15, p>0.05, 10 
days after the fire, 0.82, p<0.0001, 17 days after the fire and 0.89, p<0.0001, 31 days after the fire. This 
rapid vegetation recuperation was attributed to the low fire severity that did not have direct implications 
on soil properties (e.g soil moisture and organic matter) [39, 40], the great amount of nutrients available 
in ash [41] and the rainfall pattern after the fire.       

Table 1. Descriptive statistics of a) vegetation cover (%) and b) vegetation height (mm) and results of Fisher LSD test. Different 
letters represent significant differences at a p<0.05. Neperian logarithm transformation (ln) and box-cox transformation (BC) data. 

 
a)  10 10(ln) 17 17(ln) 31 31(ln) 

Mean 15.79 2.64a 27.26 3.21b 67.74 4.18c 

SD 7.99 0.48 11.89 0.43 15.70 0.23 

CV% 50.61 18.18 43.61 13.39 23.17 5.50 

Min 5 1.60 10 2.30 40 3.68 

Max 45 3.80 56 4.02 95 4.55 

Skew 1.25 -0.002 0.72 0.07 0.32 -0.004 

Kur 1.38 -0.05 -0.47 -0.90 -1.01 -0.98 

 
b)  10 10(ln) 10(BC) 17 17(ln) 17(BC) 31 31(ln) 31(BC) 46 46(ln) 46(BC) 

Mean 117.79 4.69 12.51a 148.78 4.96 13.39b 288.94 5.62 16.44c 488.73 61.17 19.34d 

SD 45.01 0.43 1.57 44.01 0.30 1.22 86.49 0.30 1.52 110.89 0.22 1.32 

CV% 38.21 9.16 12.54 28.58 6.04 9.11 29.93 5.33 9.24 22.68 0.35 6.82 

Min 10.40 2.34 5.82 69.80 4.25 10.78 150.80 5.02 13.69 265 5.58 16.27 

Max 232.15 5.45 15.63 267 5.59 16.31 462 6.14 19.26 772.20 6.65 22.48 

Skew 0.51 -1.21 -0.475 0.57 -0.02 0.15 0.341 -0.005 0.09 0.51 0.07 0.20 

Kur -0.043 4.58 1.23 -0.36 -0.52 -0.57 -1.13 -1.21 -1.21 -0.48 -0.60 -0.46 

 
The major precipitation occurred between 17 and 31 days after the fire triggering rapid vegetation 

recover [39]. The decrease of CV% with the time is due to the rapid spread of vegetation cover and 
increase of vegetation height that reduced the differences between the measured values. The small-scale 
variability in the immediate period after the fire was higher due to the heterogeneous effects of fire in soil 
and ash properties. Over the time, these differences were reduced and the ash redistribution allocated the 
nutrients in specific part of the plot [42] that will be analysed further in this paper. These results showed 
that vegetation rapidly covered the soil minimizing the effects of the studied fire and the potential 
exposition to sediment transport, especially between 17 and 31 days after the fire. Comparing with other 
environments (e.g Mediterranean) [21], the vegetation recuperation was faster, suggesting that the studied 
grassland have strong resilience to these spring fires that are very common in Lithuania [39].  

3.2. Spatial analyses 

The results shown that vegetation cover and height spatial distribution were significantly clustered 
(positive and significant Morans I index) ten days after the fire, and increased with the time. The same 
situation was observed in vegetation height (Table 2). The existence of spatial autocorrelation suggests 
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that after the fire, plant recuperation responds to processes that occur in the area of interest. This pattern 
was more observable in vegetation cover than in height (higher coefficient of correlation) until 31 days 
after the fire. 

Table 3 shows the results of the semi-variogram modeling. Among other models, the spherical was the 
best-fitted in all measurement periods for vegetation cover (Table 3a) and the Gaussian the most accurate 
to explain the vegetation height variability (Table 3b). These results suggest that the spatial structure of 
vegetation cover and height recover was different across the studied plot. In both variables the nugget 
effect was small showing that the measurement error and the small scale variability was reduced, and the 
number of samples was enough to represent the spatial variability of the variables [19] (Table 3a and b). 
The nugget/sill ratio results showed that vegetation cover has a strong spatial dependence in all 
measurement periods (<25%). Ten days after the fire, the vegetation height has a moderate spatial 
dependence, 33.33%, decreasing in the following measurements to very low values, 31 and 46 days after 
the fire, suggesting that vegetation grew in height faster in specific(s) area(s) of the plot (Table 3a and b). 
In order to compare the range of Gaussian and Spherical model, we calculated the “effective” range of the 
Gausian model. The “effective” range it is the distance at which the variogram reaches 95% of its sill 
[43]. The range was always higher in vegetation cover than in vegetation height, suggesting that the 
spatial correlation of the first variable was higher than the second, supporting the results observed with 
Moran’s I index. The semi-variogram range was higher than the sample density (0.5 m) in all sampling 
periods, which shows that the sampling design was adequate to measure the variability of the vegetation 
cover and height.   

    

                       Table 2. Results of the Moran I index for vegetation cover. Significant differences at a p<0.05. 

 Vegetation cover (%) Vegetation height (mm) 
Day Moran's Index p-value Moran's Index p-value 
10  0.672931 0.000000 0.506652 0.000000 
17  0.872059 0.000000 0.742019 0.000000 
31  0.905002 0.000000      0.876701 0.000000 
46 - - 0.919814 0.000000 

3.3. Spatial distribution of vegetation cover and vegetation height 

Ten days after the fire the vegetation cover and height did not had a clear spatial pattern in the top and 
middle of the slope. Nevertheless some majour values were observed in the botom of the slope (Figure 1a 
and 2a). These differences in spatial vegetation recuperation across the slope can be atributed to the fire 
severity. After the fire the majority of the ash was black, suggesting that fire had a low severity. However 
grey and white ash was also identified, especially in the middle and top slope positions [42]. This can 
explain the differences in plant recuperation 10 days after the fire. In addition, fire is more severe in slope 
top positions were vegetation moisture is lower in comparision with flat areas and the fuel vulnerability to 
the flammes is higher, as observed in previous studies [20; 44; 45]. With the time, the faster recuperation 
of the vegetation in cover and height in the bottom of the area of interest was atributed to the 
accumulation of ash and nutrients. Previous studies observed that plant recuperation is fast in the areas 
where ash is accumulated [41] . 
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Table 3. Results of the semi-variogram modelling for a) vegetation cover and b) vegetation height.    

a)  Model Nugget effect Partial sill Sill Nug/sill ratio (%) Range (cm) 
10 Spherical 0.2 1.5 1.8 11.11 1320 
17  Spherical 0.09 0.82 0.91 9.89 2980 
31  Spherical 0.21 1.6 1.81 11.60 2990 

 
b)  Model Nugget effect Partial sill Sill Nug/sill ratio (%)   “Effective” 

Range (cm) 
10 Gaussian 0.57 1.14 1.71 33.33 1214 
17  Gaussian 0.51 2.61 3.12 16.34 1613 
31  Gaussian 0.18 10.89 11.08 1.65 1639 
46 Gaussian 0.37 23.65 24.02 1.54 1795 

 

 

Fig. 1. Vegetation cover (a) 10; (b) 17 and (c) 31 days after the fire. Slope Top (ST) and Slope bottom (SB). Data in %. 

 

a b c10 days 17 days 31 days 

ST 

SB 



862   Paulo Pereira et al.  /  Procedia Environmental Sciences   19  ( 2013 )  856 – 864 

 

Fig. 2. Vegetation height 10; 17; 31 and 46 days after the fire.Slope Top (ST) and Slope bottom (SB).  Data in mm. 

4. Conclusions 

This study showed that vegetation recuperation after a grassland fire was fast and the studied grassland 
had strong resililience to such distrurbance. This fast recovery might reduce the amount of sediment 
transport, minimizing the effects of vegetation removal induced by fire. Vegetation cover and height 
spatial autocorrelation increased with time, indicating that areas with bare soil or only covered by ash 
were reduced. This increase did not had the same spatial structure in vegetation cover height. Ten days 
after the fire the vegetation cover and height had an heterogenous distribution, reducing with the time. In 
the following measurments, cover and height increased especially in bottom area of the plot due lower 
fire severity and ash and nutrients accumulation.  

Acknowledgements 

The authors appreciated the support of the project ‘Litfire’, Fire effects in Lithuanian soils and 
ecosystems (MIP-048/ 2011) funded by the Lithuanian Research Council, Spanish Ministry of Science 

10 days 46 days 31 days 17 days 

ST 

SB 



863 Paulo Pereira et al.  /  Procedia Environmental Sciences   19  ( 2013 )  856 – 864 

and Innovation for funding through the HYDFIRE project CGL2010-21670-C02-01, and to Comissionat 
per a Universitats i Recerca del DIUE de la Generalitat de Catalunya i Recerca del DIUE de la Generalitat 
de Catalunya. The authors appreciate the comments of one anonymous reviewer that improved 
substantially the quality of the manuscript and to Miss Maria Burguet for the English revision.  

References 

[1] Bond WJ, Keeley JE. Fire as a global ‘herbivore’: The ecology and evolution of flammable ecosystems. Trends Ecol Evol 
2005;20:387–394. 

[2] Pausas J, Keeley JE. A burning history: The role of fire in the history of life. BioScience 2009;59:593–601. 
[3] Úbeda X, Outeiro L, Sala M. Vegetation regrowth after differential intensity forest fire in a Mediterranean environment, 

Northeast Spain. Land Degrad Develop 2006;17:429–440. 
[4] Pausas J. Simulating Mediterranean landscape pattern and vegetation dynamics under different fire regimes. Plant Ecol 

2006;187:249–259.  
[5] Keeley JE, Fotheringham CJ, Baer-Keeley M. Determinats of postfire recovery and succession in Mediterranean-Climate 

shrublands of California. Ecol Appl 2005;15:1515–1534. 
[6] Moritz MA. Spatiotemporal analysis of controls on shrubland fire regimens: Age dependecy and fire hazard. Ecology 

2003;84:351–361. 
[7] Rodríguez y Silva F, González-Cabán A. ‘SINAMI’: a tool for the economic evaluation of forest fire management programs in 

Mediterranean ecosystems. Int J Wildland Fire 2010;19:927–936. 
[8] Rodríguez y Silva F, Ramon Molina J, González-Cabán A, Herrera Machuca MA. Economic vulnerability of timber resources to 

forest fires. J Environ Manage 2012;100:16–21.       
[9] Bengtsson J, Nilsson SG, Franc A, Menozzi P. Biodiversity, disturbances, ecosystem function and management of Europe 

forests.  Forest Ecol Manag 2000;132:39–50. 
[10] Goetz SJ, Mack MC, Gurney KR, Randerson JT, Houghton RA. Ecosystem responses to recent climate change and model 

results contrasting northern Eurasia and North America. Environ Res Lett 2007;2:1–9.  
[11] Flannigan MD, Amiro BD, Logan KA, Stocks BJ, Wotton BM. Forest fires and climate change in the 21st century.Mitigation 

and adaptation strategies for global change 2005, 11(4) doi:10.1007/s11027-005-9020-7. 
[12] Antonsen H, Olsson, PA. Relative importance of burning, mowing species translocation in the restoration of former boreal 

hayfield: responses of plant diversity and microbial community. J Appl Ecol 2005;42:337–347. 
[13] Furayev V, Vagnov EA, Thebakova N, Valendik EN. Effects of fire and climate on sucessions and structual changes in the 

siberian boreal forest. Eurasian J For Res 2001;2:1–15.   
[14] Kuuluvainen T, Rouvinen S. Post-fire understorey regeneration  in boreal Pinus sylvestris forest sites with different fire 

histories. J Veg Sci 2000;11:801–812. 
[15] Jin Y, Randerson JT, Goetz SJ, Beck PSA, Loranty MM, Goulden ML. The influence of burn severity on postfire vegetation 

recovery and albedo change during early succession in North American boreal forests. J Geopys Res-Biogeo 2012; 
doi:10.1029/2011JG001886 

[16] De Grandpre L, Gagnon D, Bergeron Y. Changes in understory of Canadian southern boreal forest after the fire. J Veg Sci 
1993;4:803–810. 

[17] Johnstone JF, Rupp TS, Olson M, Verbyla D. Modelling the impacts of fire severity on succecional trajectories and future fire 
behaviour in Alaskan  boreal forests. Landscape Ecol 2011;26:487–500.   

[18] Ryan KC. Dynamic interactions between forest structure and fire behaviour in boreal ecosystems. Silva Fenn 2002;36:13–39. 
[19] Pereira P, Cerda A, Ubeda X, Mataix-Solera J, Arcenegui V, Zavala L. Modeling the impacts of wildfire on ash thickness in a 

short-term period. Land Degrad Develop 2013; doi:10.1002/ldr.2195 
[20] Pereira P, Cerda A, Ubeda X, Mataix-Solera J, Jordan A, Burguet M. Effects of fire on ash thickness in a Lithuanian grassland 

and short-term spatio-temporal changes. Solid Earth Discuss 2013;4:1545–1584.   
[21] Cerda A. Postfire dynamics of erosional processes under mediterranean climatic conditions. Z Geomorphol 1998;42:373–398. 
[22] Pereira P, Ubeda X. Spatial variation of heavy metals released from ashes after a wildfire. J Environ Eng Landsc 2010;18:329–

342.  
[23] Robichaud P, Miller SM. Spatial interpolation and simulation of post-burn duff thickness after prescribed fire. Int J Wildland 

Fire 1999;9:137–143. 
[24] Robichaud P. Fire effects on infiltration rates after prescribed fire in Northern Rocky Mountains, USA. J Hydrol 2000;231-

232:220–229. 



864   Paulo Pereira et al.  /  Procedia Environmental Sciences   19  ( 2013 )  856 – 864 

[25] Rodriguez A, Duran J, Fernandez-Palacios JM, Gallardo A. Short-term wildfire effects on the spatial pattern and scale of labile 
organic-N and Inorganic-N and P pools. Forest Ecol Manag 2009;257:739–746.  

[26] Mitri GH, Gitas IZ. Mapping post-fire forest regeneration and vegetation recovery using combination of very high spatial 
resolution and hyperspectral satelite imagery. Int J Appl Earth Obs 2013;20:60–66 .  

[27] Gouveia C, DaCamara CC, Trigo R. Post-fire vegetation recovery in Portugal based  on spot/vegetation data. Nat. Hazards 
Earth Syst Sci 2010;10:673–684.  

[28] Cerda A. 1998. Changes in overland flow and infiltration after a rangeland fire in a Mediterranean scrubland. Hydrol Process 
1998;12:1031–1042.  

[29] Potts JB, Marino E, Stephens SL. Chaparral shrub recovery after fuel reduction: a comparison between prescribed fire and 
mastication techniques. Plant Ecol 2010;210:303–315. 

[30] Granjed AJP, Zavala LM, Jordan A, Barcenas-Moreno G. Post-fire evolution of soil properties and vegetation cover in a 
Mediterranean heathland after experimental burning: A 3-year study. Geoderma 2011;164:85–94. 

[31] FAO. Soils map of the world: revised legend. Food and Agriculture Organization of the United Nations, Rome. 1988. 
[32] Zhao Y, Peth S, Hallet P, Wang X, Giese M, Gao Y, Horn R. Factors controlling the spatial patterns of soil moisture in a 

grazed semi-arid steppe investigated by multivariate geostatistics. Ecohydrology 2011;4:36–48.  
[33] Wu C, Wu J, Luo Y, Zhang H, Teng Y, DeGloria SD. Spatial interpolation of severely skewed data with several peak values by 

the approach integrating kriging and triangular irregular network interpolation. Environ Earth Sci 2011;63:1093–1103.  
[34] McGrath D, Zhang C. Spatial distribution of soil organic carbon concentrations in grassland of Ireland. Appl Geochem 

2003;18:1629–1639. 
[35] Robinson TP, Metternicht G. Testing the performance of spatial interpolation techniques for mapping soil properties. Comput 

Electron Agr 2006;50:97–108.  
[36] Chien YJ, Lee DY, Guo HY. Geostatistical analysis of soil properties of mid-west Taiwan soils. Soil Sci 1997;162:291–298. 
[37] Moral FJ, Terron JM, Marques da Silva JR. Delineation of management zones using mobile measurments of soil aparent 

electrical conductivity and multivariate geostatistical techniques. Soil Till Res 2010;106:335–343. 
[38] Pereira P, Ubeda X, Baltrenaite E. 2010. Mapping total nitrogen in ash after a wildland fire: a microplot analysis, Ekologija 

2010;56:144–152. 
[39] Pereira P, Pranskevicius M, Cepanko V, Vaitkute D, Pundyte N, Ubeda X, Mataix-Solera J, Cerda A, Martin D. Short-term 

vegetation recovery after a spring grassland fire in Lithuania. Effect of time and slope position. Flamma 2013;4:13–17.         
[40] Pereira P, Mataix-Solera J, Ubeda X, Cerda A, Cepanko V, Vaitkute D, Pundyte N, Pranskevicius M, Zuokaite E. Spring 

grassland fire effects on soil organic matter, soil moisture and soil water repellency in Lithuania (North-Easthern Europe). First 
results. In: 4th International congress Eurosoil 2012. Soil science for the benefit of mankind and environment. 2012, p.1127. 

[41] Pereira P, Ubeda X, Martin D. Fire severity effects on ash chemical composition and water-extractable elements. Geoderma 
2012;191:105–114. 

[42] Ubeda X, Pereira P, Vaitkute D, Cepanko V, Pundyte N, Pranskavicius M. Spatio-temporal litter and ash erosion in a slope 
area, immediately after a grassland fire in Lithuania, In: Gonzalez-Diez A, Fernandez-Maroto G, Doughty MW, Remondo J, 
Bruschi VM, Bonachea J, Diaz-Teran JR, Martinez-Cedrun V, Rivas V, Flor G, Serrano E, Gutierrez-Santolalla F, Benito G, 
Desir G, Lopez J, Romero MA, Batalla R, Garcia-Prieto G, Flor-Blanco G, Garzon G, Cardinal J, Vilaplana JM, Corominas J, 
Diaz-Martinez E, Jimenez-Sanchez M, Guerra JC editores. Avances de la Geomorfologia en Espana 2010-2012, 
Santander;2012, p.121–124. 

[43] Cressie N. Statistics for spatial data, John Wiley and Sons, New York: 1993, p.928.  
[44] Maingi JK, Henry MC. Factors influencing wildfire occurence and distribution in Kentucky, USA. Int J Wildland Fire 

2007;16:23–33. 
[45] Pereira P, Bodi M, Úbeda X, Cerdà A, Mataix-Solera J, Balfour V, Woods S. Las cenizas y el ecosistema suelo, In: Cerdà A. 

Jordan A. editors. Actualización en métodos y técnicas para el estudio de los suelos afectados por incendios forestales, Càtedra 
de Divulgació de la Ciència, Valencia;2010, p.345–398.  


