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ABSTRACT 

The Runoff Curve Number (CN) method and the guidelines of the new Spanish norm on cross-

drainage have been applied in this project to calculate the changes in hydrological variables (surface 

runoff and flow-rates) after simulated wildfires of different Soil Burn Severities in three catchments in 

the Nerva municipality (Huelva Province, Andalusia Autonomous Region, Spain). As the frequency and 

intensity of wildfires is expected to increase in the Mediterranean Region due to Climate Change, it is 

necessary to apply methods that objectively evaluate the changes produced by wildfires in catchment 

hydrological parameters. It is evident that wildfires, as they consume soil cover and change soil 

properties, promote surface runoff and hence, water erosion, also significantly increasing flow-rates. 

Since the CN method in Spain has been frequently used for pre-wildfire events, its extension to post-

wildfire events is expected to be more easily embraced by engineers. This project aims to serve as a 

guide for the incorporation of hydraulic parameters in post-wildfire events in order to suitably size 

cross-drainage infrastructure according to Spanish legislation. In return, this would reduce flooding risks, 

more effectively ensuring the safety of people and infrastructure downstream.   

 

Keywords: Wildfires, Curve Number, CN, surface runoff, flow-rates, water erosion, soil burn 

severity, Climate Change, cross-drainage, safety.  

 

 



  



RESUMEN 

En este proyecto se ha utilizado el método del Número de Curva (NC) y la guía de la nueva 

norma Española de drenaje superficial, para el cálculo de dos variables hidrológicas: escorrentía y 

caudales. Se calcularán estas variables para tres cuencas en el municipio de Nerva (Huelva), simulando 

incendios forestales de diferentes grados de severidad sobre el suelo, consecuentemente calculando el 

cambio producido por los incendios en dichas variables. Se cree que el Cambio Climático va a provocar 

incendios más frecuentes y severos, además de lluvias menos frecuentes pero más intensas, lo que exige 

el empleo de metodologías que incorporen objetivamente los efectos de los incendios forestales en el 

incremento de erosión y del dimensionado de drenajes de carretera para así garantizar la seguridad de 

las personas e infraestructuras aguas abajo en un futuro cercano. En este trabajo se propone emplear la 

extensión del método del NC sobre zonas incendiadas, que se espera que sea más fácilmente adoptado 

por ingenieros españoles, ya que estos frecuente aplican el método original (sobre zonas no 

incendiadas). Finalmente, se empleará la guía de la nueva norma Española de drenaje superficial para el 

cálculo de caudales.  

 

Palabras clave: Incendios forestales, Números de Curva, NC, escorrentía, caudal, caudales, 

erosión, erosión hídrica, severidad del fuego sobre el suelo, Cambio Climático, drenaje superficial, 

seguridad.  
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VOCABULARY 
 

English Spanish Definition 

WILDFIRES (Keeley, 2009) 

Fire intensity Intensidad del incendio The energy released by a fire. Physical combustion 
process of energy release from organic matter.  

Fire severity Severidad del incendio How fire intensity affects ecosystems. Loss of or change 
in organic matter aboveground and belowground.  

Soil burn severity La severidad del 
incendio sobre el suelo 

Fire severity on the soil. Loss of organic matter in or on 
the soil surface.  

Soil hydrophobicity Hidrofobicidad del 
suelo 

Soil water repellency. A reduction in the rate of wetting 
and retention of water.  

HYDROLOGY 

Erodibility (soil) Erodibilidad del suelo The resistance of soil against erosion. The more 
erodible it is, the lesser resistance it has a against 
erosion.  

Outlet Punto de cierre           
(de una cuenca) 

The lowest point where the limits of a basin or 
catchment meet. Frequently, a watercourse passes 
through this point.  

Water or Hydric 
erosion 

Erosión hídrica Water (raindrops) break soil aggregates.  

GEOLOGY 

Greywackes Grauvacas Detritic sedimentary rock with a content of more than  
15% of fine matrix in which the sand-sized particulates 
are not in contact with each other.  

Slates Pizarras Fine metamorphic materials that can split into smooth, 
flat plates.  

Schitose Esquistosas Metamorphic material made of thin layers of micaceous 
minerals aligned in thin parallel bands.  

Tuff Tobas A light, porous rock formed by fine pyroclastic materials 
(consolidation of volcanic ash).  

Tuffites Tufitas Volcanic-sedimentary marine rock with at least 50% of 
fine pyroclastic remains, integrated into a clay or 
limestone cement.  

VEGETATION 

Aspen Álamo Populus sp. A tall deciduous tree frequently found near 
water bodies, which has leaves with an “ace” shape.  

Bitterbrush  Purshia tridentata. Rosaceae small woody plant species 
found in the Americas.   

Bush Arbusto/matorral Woody plant species that can reach up to 7 m in height.  

Gorse Tojo Ulex sp. Thorny woody evergreen bush species of the 
Fabaceae family.  

Gum rockrose  Jara pringosa Cistus ladanifer. A brush species with evergreen and 
lanceolate leaves, common in the continental 
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Mediterranean climate.  

Heath  Brezo Erica sp. A low brush species that have spread thanks to 
the human activity of woodland clearance.  

Maple Arce Acer sp. Deciduous trees and brushes with leaves with, 
generally, 5 nerves (palmate).   

Maritime pine Pino marítimo, resinero 
o rodeno 

Pinus pinaster. Evergreen tree common in the 
Mediterranean region that has a small peduncle which 
attaches the branch to the pinecone. Its most common 
use is for resin.  

Mountain 
mahogany 

 Cercocarpus sp. Deciduous brush plants of the Rosaceae 
family, commonly reaching 3-6 m of height and found in 
the Americas.  

Oak Roble Quercus sp. Frequently deciduous tall brush or tree 
species which has lobated leaves and produces acorn.  

Pinyon  Pino Pinus sp. Pine trees. Evergreen trees which produce 
pine nuts.  

Stone pine Pino piñonero Pinus pinea. A pine tree mostly cultivated for pine nut 
produce.  

Strawberry tree Madroño Arbutus unedo. An evergreen bush or tree species with 
a characteristic red edible fruit.  
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ACRONYMS  
CN 

CT Cover Type 

CN Curve Number 

HC Hydrologic Condition 

HSG Hydrologic Soil Group 

SBS Soil Burn Severity 

LSBS Low Soil Burn Severity 

MSBS Moderate Soil Burn Severity 

HSBS High Soil Burn Severity 

SCC Soil-Cover Complex 

 

Precipitation parameters  Surface Runoff parameters 

   Variation Coefficient  P Precipitation 

 ̅ 

Annual average of 
maximum daily 

precipitation 

 
Q Surface Runoff 

T Return period  S Maximum Potential Retention 

   Local Quantile    

   Regional Quantile    

 

Flow-rates parameters 

A Catchment area 

C Average catchment runoff coefficient 

     Rain intensity factor 

I Precipitation intensity 

   Corrected daily average precipitation intensity 

    ⁄  Torrentiality index 

   Watercourse average slope 

   Precipitation reduction factor per catchment area 

   Temporal precipitation distribution uniformity coefficient 

   Watercourse length 

   Daily precipitation value 

   Runoff threshold 

  
  Initial abstraction 

   Peak flow-rate 

   Runoff concentration time 

  Correction coefficient 

   Average correction coefficient 

    
Deviation in respect to the average correction coefficient value for a 

confidence interval of 50 % 
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1 Project background and motivation 
This project is part of the EPyRIS Project which, in Spanish, stands for the “Joint strategy for the 

protection and restoration of ecosystems affected by forest fires” (Estrategia conjunta para la 

protección y restauración de los ecosistemas afectados por Incendios Forestales). It is coordinated by 

TRAGSA and co-financed by the European Program of territorial cooperation “Interreg Sudoe”. The 

objective of this European project is to search for tools that could be internationally applied to assess 

post-wildfire erosion risks. In this project, the tool chosen has been the Runoff Curve Number method, 

which will be applied to evaluate variations in Curve Numbers (CNs), runoff and flow-rates before and 

after a wildfire on three small catchments in the Nerva municipality (Huelva province, Andalusia 

Autonomous Region, Spain). 

As it will be made clear in the following sections, there is a necessity for the application of new 

methodologies that reflect the influence of wildfires on post-wildfire catchment hydrologic response. 

This would allow technicians and engineers to plan accordingly, effectively reducing the damage 

produced by a rain event in a post-wildfire scenario.   

1.1 Methodology 
The Curve Number method was developed by the U.S. Department of Agriculture Natural 

Resources Conservation Service, which is the second most commonly used method for post-wildfire 

estimations (Foltz & Robichaud, 2011). Originally, it required three parameters: soil and its Hydrologic 

Condition, Cover Type and treatment or conservation practice. With time, other significant parameters 

have been added onto the method to improve calculations, such as slope, which will prove to be a 

relevant parameter in this study due to the mountainous physiography of the studied sites. Namely, CNs 

represent the potential surface runoff generation, in a range from 0 to 100, of the unique combinations 

of vegetation, groundcover and soils present in the studied sites.  

The results of this project are based on the Curve Number (CN) methodology: the two hydraulic 

variables calculated in this study, runoff and flow-rates, come from the relationships mentioned in this 

methodology and from the Spanish norm on road-drainage dimensions (Order FOM/298/2016 of 

February 15th) which define the guidelines to calculate flow-rates.  

In Spain, even though the CN method has been widely applied for the calculation of runoff and 

flow-rates due to its simplicity, it has not been applied to catchments affected by wildfires. As a result, 

this project will demonstrate the application of this method to observe the variations of pre- and post-

wildfire hydrological parameters.  

1.2 Wildfires in Spain 
Spain ranks second, after Portugal, on the number of wildfires and burnt surface between the 

European Mediterranean countries (Spain, France, Greece, Italy and Portugal) (Ecologistas en acción, 

2006). The studied catchments were affected by the biggest wildfire in Andalusia of the year 2018, 

which affected a total of 1,400 hectares (Antena 3, 2018). Additionally, Climate Change predictions on 

the Mediterranean region state that wildfire frequency and intensity will increase, due to the increase of 

summer drought. The Mediterranean vegetation, even though it is characterized by its fast adaptation 
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and resilience to fire, it is often not enough to ensure an adequate regeneration after a wildfire (Antoine 

Versini, Velasco, Cabello, & Sempere-Torres, 2015). All of these facts point out the necessity for Spain 

and other Mediterranean regions to effectively plan against the increasing problematic of wildfires.  

1.3 The impacts of wildfires in catchment hydrological behavior  
Wildfires cause a dramatic change in the ecosystem and hydrologic cycle. This results, mainly, in 

an increase in erosion and peak flow-rates, increasing flood risks. The materials on the soil such as 

organic matter and vegetation are consumed, reducing interception, evapotranspiration and water 

availability. It also leaves the soil exposed, decreasing its resistance against precipitation impact. The 

infiltration capacity of the soil decreases, as the texture and structure of the soil is lost, reducing pore 

size, and water-repellent soil conditions also arise.  

As soil burn severity increases, these effects are enhanced, significantly increasing runoff. 

According to Randy B. Foltz and Peter R. Robichaud, “surface runoff can increase more than 70% and 

erosion can increase by three orders of magnitude”. Hence, the catchment hydrological responses after 

wildfires, such as run-off and flow-rates, are greater and faster.  

Climate Change is expect to aggravate this situation even further:  

 In terms of precipitation, the annual average is not expected to significantly vary, but 

precipitation distribution is, as well as increasing intensities and, as a result, will increase erosion 

potentials. 

 In terms of temperature, these are expected to increase. As a result, arid periods will be longer.  

This will affect the growth and development of vegetation, making it, and its soil, more 

vulnerable to the effects of wildfires. 

Consequently, the rain´s increasing erosive potential with a less-protected soil surface will 

promote desertification and, most importantly, erosive processes.  

As a result, the frequency and severity of flood events increase and risks the safety of the 

population and infrastructure downstream. According to the previously mentioned authors, roads are 

one of the most impacted forest infrastructures. Road drainage frequently fails to accommodate flow-

rates affected by wildfires, since their dimensions are designed solely for a pre-wildfire condition. 

Additionally, the Climate Change increase in precipitation intensity will generate higher flow-rates for a 

certain return period of a rain event that, along with the increase in wildfire frequency and intensity, it is 

expected that the risk of flood will increase. In conclusion: wildfires pose a great threat not only against 

water and soil conservation efforts, but also to the people and infrastructure downstream. 

1.4 Runoff and surface runoff 
Runoff can be classified into three categories: surface runoff, subsurface runoff and 

groundwater flow. Depending on the characteristics of the medium, such as their vegetation cover, soil 

and topography, these different types of runoff are more or less promoted. Evidently, surface runoff is 

more common in areas where there is no vegetation and groundcover, the soil is less permeable, and 

the slopes are steeper. As vegetation cover increases (especially the vegetation and organic matter 
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covering the soil), the permeability of the soil is increased and the slopes are smaller, more water 

infiltrates into the soil at different depths, resulting in subsurface flow and, deeper into the soil, 

groundwater flow. Since surface runoff is the main driver of water erosion, as it will be discussed later, 

the focus of this project will be on surface runoff.  

The surface runoff generated depends on vegetation, soil and topography in respect to a certain 

precipitation event. Specifically, in a certain rain event: 

 The vegetation has various effects on surface runoff:  

o The vegetation over the soil reduces the speed of surface runoff, promoting its 

infiltration (to subsurface runoff and groundwater flow), and hence decreasing the 

quantity of surface runoff generated.  

o It effectively reduces the speed at which water droplets reach the soil surface, 

distributing surface runoff through time and hence reducing peak catchment runoff at 

catchment outlet.  

 The soil, depending on its permeability (defined by its structure and texture) and its the degree 

of saturation prior to the specific rain event (whether it is wet or dry), the magnitude peak 

runoffs at outlet will differ. As an example, a less permeable and saturated soil will result in a 

faster generation of surface runoff.  

 The topography of an area is also relevant, as higher slopes promote surface water flow rather 

than its infiltration into the soil.  

1.5 The relationship between surface runoff and water erosion 
Even though water erosion is not the main focus of this study, the strong relationship that exists 

between runoff and water erosion cannot be ignored. Hence, not only is the inclusion of this study 

within the EPyRIS project justified, but is also implicit within the CN method: if a relationship exists 

between CNs and runoff and runoff to water erosion, then a relationship exists between CNs and water 

erosion. Hence, the parameters that define CNs (vegetation, soil and topography) not only affect runoff 

generation, but also water erosion.  

Water erosion is defined by the wearing away of the soil surface by water. It can be classified in 

four types of erosion:  

 Splash erosion: the detachment of soil particles by raindrop impact, breaking of soil aggregates.  

 Sheet erosion: removal of thin layers of soil from the land surface by the action of surface runoff.  

 Rill erosion: formation of small channels made by runoff flow.  

 Gully erosion: formation of deep channels formed by runoff flow. 

It is evident that these types of erosion are a chain-reaction, so a small degree of erosion might be 

beneficial, as it moves soils from one place to another, but higher degrees of erosion, produced by 

wildfires, leaves the soil unprotected and impoverishes it at unsustainable rates. These erosion 

processes are hence most severe in steep slopes where wildfires have consumed all of the ground-cover.   
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The types of erosion previously described compose the on-site effects of water erosion: a loss of 

soil, decreasing its thickness, meaning a loss of fertility and water retention capacity, among other 

effects. In other words, it implies a loss of soil productivity. Off-site effects of water erosion frequently 

imply sediment deposition, affecting water bodies and aquatic ecosystems, infrastructure, etc., which 

can sometimes carry contaminants, such as ashes, that further increase the negative impact in aquatic 

ecosystems.  
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2 Objectives 
The main objective is to estimate and analyze the hydrological changes (surface runoff and 

flow-rates) in the three studied catchments after hypothetical wildfires of different soil burn severities, 

for different precipitation events, through the CN method and the new Spanish norm on cross-drainage 

(Order FOM/298/2016). The analysis will be carried out through a comparison between the absolute 

values and relative changes to a post-wildfire condition (of different soil burn severities), making an 

emphasis on the variations for different rain events (return periods). This will reflect the benefits of the 

application of the CN method for the estimation and analysis of the variations of the hydrological 

variables in a forest area after a wildfire. Additionally, the comparisons between these results will aid in 

the identification of useful applications.  
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3 Justification of selected study sites 
It is important to recognize the reasons that motivated the selection of the three studied 

catchments:  

1. The catchments have been fully or majorly affected by the 2018 summer fires, meaning that 

this study could be applied in the future, when the Soil Burn Severity (the degree of loss in the 

organic matter of the soil after a wildfire, categorized in Low, Moderate and High, as it will be 

explained later) of the sites is estimated.  

2. They are small basins, so various catchments were studied due to the interesting observations 

and results related to the next point.  

3. They have different natural contexts (vegetation and geology), which could help to observe 

variations of CNs values.  

4. The region is internationally renowned due to the high influence of the mining industry and the 

presence of the Tinto River, which is a watercourse of unique qualities in the world. The 

watercourses from the studied sites are all tributaries of the Tinto River and one of the 

catchments has been partially affected by the mining industry.  
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4 Site characterization 
In this section the studied catchments have been contextualized and, in the process, the 

relevance of it has been analyzed. The context has been characterized in terms of location, physiography 

(altitude, slope and orientation), soils, geology, vegetation (pre- and post-wildfire), hydrology and 

climate (visualized in Figure 4.1). The significance of these characters has been, mostly, about their role 

in the CN method.   

 

Figure 4.1. Contextualization/characterization of the studied catchments 

 

  

C
o

n
te

xt
 

Location 

Physiography 

Altitude 

Slope 

Orientation Soils 

Geology 

Vegetation 
Pre-wildfire 

Post-wildfire 
Hydrology 

Climate 



12 
 

4.1 Location 
In this section, the location of the three studied catchments will be described.   

The three catchments studied are found to the North of the municipality of Nerva, in the San 

Cristóbal and Peña del Hierro mountain ranges, in the province of Huelva and autonomous Region of 

Andalucía, represented in Figure 4.2.  

  

Figure 4.2. Location of sites 

The three catchments meet at the Padre Caro peak, the point of highest altitude. This point has 

the following approximate coordinates (ETRS89 Huse 29) UTMX: 716,159 and UTM Y: 4,178,655. The 

Western catchment has a surface area of 22.17 ha, the Central of 33.40 ha and the Eastern of 40.26 ha. 

In the Figure 4.3, the Western (W), Central (C) and Eastern (E) catchments have been represented over 

the current aerial photograph, with a star symbolizing the Padre Caro Peak, and coordinates in ETRS 89 

UTM Zone 29N.   

 

±

0 2.5 51.25 Kilometers
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Figure 4.3 W, C and E catchments over aerial photograph.  
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4.2 Physiography  
The physiography of the three studied catchments has been analyzed in respect to three 

parameters: altitude, slope and orientation. From these parameters, the one that is most relevant is the 

slope due to its role in the CN method.  

4.2.1 Altitude  

In this section, the altitude (minimum, mean and maximum) of the three studied catchments 

have been described and compared. 

As it was previously mentioned, all catchments share a common point, the Padre Caro Peak, the 

point of highest altitude of all three catchments, corresponding to 697 m.a.s.l. The lowest mean and 

minimum altitudes are observed in the Central catchment, while higher values are found in the Eastern 

and Western catchments. The mean altitude ranges from approximately 576 and 577 m in the Eastern 

and Western catchments respectively, to 515 m in the Central catchment. The minimum altitude ranges 

from approximately 492 and 482 m in the Eastern and Western catchments respectively, to the lowest 

altitude of 401 m in the Central catchment. In the Table 4.1 and Figure 4.4, altitude data of the three 

catchments has been represented.  

Table 4.1. Altitude data of all three catchments.  

Catchment 
Minimum altitude 

(m) 
Mean altitude (m) 

Maximum altitude 
(m) 

Eastern 492.34 576.27 
697.18 Central 401.39 514.12 

Western 482.11 577.08 

 



15 
 

 

Figure 4.4. Altitudes of all catchments.  
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4.2.2 Slope 

The slope is not originally included in the CN method. However, due to the relationship between 

slope and runoff, the inclusion of slope data in the CN methodology is justified, as the existence of 

potentially highly erosive slopes in the studied sites is expected to significantly increase CN values.  In 

this section, the two ways that the slope data was used in this study is explained: firstly, the original 

slope data was used in the CN method. Secondly, the slope data was reclassified in ranges, which aided 

in the justification of the inclusion of the slope parameter in the CN method. Through this second 

analysis, it was made clear that all catchments have a significant area of steep slopes, which 

consequently characterized them with high water erosion and runoff potentials, where the 

recommended use is limited to forestry or nature.  

The slope data was developed from the Digital Terrain Model (Modelo Digital del Terreno, MDT, 

with a resolution of 5x5 m pixels) provided by the National Center of Geographic Information (Centro 

Nacional de Información Geográfica, CNIG), using ArcGIS software. This data was used in two different 

ways: 

- The slope data: applied in the CN methodology carried out in this study.  

- The reclassified slope data: the slope data was reclassified into various slope ranges that 

represent different perspectives, such as erosion and recommended land use, that have justified 

the inclusion of slope data in the CN methodology.  

The slope data, reclassified into various slope ranges, aided in the observation of potential water 

erosion. These slope ranges have been acknowledged by García Najera (1955), López Cadena de Llano 

and Blanco Criado (1968), and Carlos Dorronsoro (Dorronsoro). These authors not only state the 

relationships that exist between slope and water erosion, but also with Land Capability Classification 

(LCC): the LCCs represent the possible uses that a land can have in respect to the slope. In other words, 

as slope increases, water erosion and runoff potential increases, and the land is then more or less viable 

for different land uses (represented in Figure 4.5). García Najera, López Cadena de Llano and Blanco 

Criado offered insights for slopes inferior to 30 %, while Dorronsoro, from the University of Granada, 

offered a regional insight for slopes superior to 30 %.  
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Figure 4.5. Representation of LCC as slope and runoff increases.  

Each author established different relationships between slope, water erosion and LCC. García 

Najera stated that at a slope of 2-3 %, erosion processes can start and significant erosion is found 

approximately between 18 and 20 %. López Cadena de Llano and Blanco Criado, through 

recommendations by the FAO, found that erosion started at 12 %, and significant erosion to 18 to 24 %, 

depending on soil characteristics such as erodibility and permeability. Dorronsoro indicated that woody 

vegetation is the best option to protect soil in steep slopes. These relationships have been represented 

in the Table 4.2.  

Table 4.2. Slope ranges and erosion effects or consequences (Dorronsoro) 

Slope (%) Author Erosion LCC 

0-2 
García Najera 

No erosion 
Agriculture 

2-8 Erosion starts  

8-12 
López Cadena de Llano  

and Blanco Criado 

Erosion starts at 12 %  
Agriculture with treatments or 

conservation practices 

12-18 Significant erosion starts Livestock. Difficult for agriculture.  

18-30 

Significant erosion 

Limited livestock 

30-50 

Dorronsoro 

Forestry and limited livestock 

50-75 Difficult for forestry and livestock 

>75 Wild fauna or other natural uses 
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As it can be observed from Figure 4.6, Table 4.3 and Table 4.4, every catchment has a significant 

area of highly erosive slopes (slopes superior to 30 %):  

 Western catchment: Approximately 65 % of its area is in the 30-50 % slope range, with a mean 

slope of 34 %, and 89 % of its area is between the slope ranges of 18-50 %.  

 Central catchment: Approximately 67 % of its area is in the 30-50 % slope range, with a mean 

slope of 40 %, and almost 94 % of its area is between the slope ranges of 18-75 %.  

 Eastern catchment: The catchment with the least amount of steep slopes, visually observed in 

the figure 2.4 (green and yellow). Approximately 42 % of its area is in the 30-50 % slope range, 

with a mean slope of 30 %, and 80 % of its surface is between the slope ranges of 18-50 %.  

Therefore, all catchments have a significant area of steep slopes, which consequently 

characterized them with high runoff and water erosion potentials, where the recommended use is 

limited to forestry or nature. Due to the relationship between slope and runoff, the inclusion of slope 

data in the CN methodology is justified, as it is expected to significantly increase CN values. 

 

Figure 4.6. Reclassified slopes of all catchments 
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Table 4.3. General slope data of all three catchments.  

Catchment Western Central Eastern 

Minimum slope (%) 1.25 0.35 0.68 
Maximum slope (%) 77.40 164.38 96.64 

Mean slope (%) 33.70 39.50 29.74 

 

 

Table 4.4. Surface per slope interval of all three catchments 

Catchment 
Western 

Ha                     % 
Central  

Ha                     % 
Eastern  

Ha                     % 

0-2 0.0033 0.01 0.0812 0.24 0.0092 0.02 
2-8 0.1416 0.64 0.6601 1.98 0.6268 1.56 

8-12 0.1895 0.85 0.3340 1.00 1.2347 3.07 
12-18 1.2150 5.48 0.7990 2.39 4.1189 10.23 
18-30 5.3591 24.17 4.1038 12.29 15.2713 37.93 
30-50 14.3971 64.93 22.2366 66.58 16.8543 41.86 
50-75 0.8570 3.87 4.9973 14.96 2.1009 5.22 
>75 0.0100 0.05 0.1860 0.56 0.0450 0.11 

TOTAL 22.17 100 33.40 100 40.26 100 
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4.2.3 Orientation 

In this section, the orientations of the three studied catchments have been described and 

compared. As shown in the Figure 4.7, the Southern orientation covers the majority of all sites. 

Additionally: 

 The Western catchment also has a significant surface orientation towards the North and 

Northwest.  

 The Central catchment has a small area with an Eastern orientation.  

 The Eastern catchment has a greater variety of orientations but has a larger Southeastern 

orientation area and, similar to the Western catchment, has a small Northern orientation to the 

South of the catchment.  

 

Figure 4.7. Orientations of all catchments.  
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4.3 Soils 
In this section, the soils of the three studied catchments were characterized. Due to the large 

scale of the referenced soil map, this data was not used for the calculation of CNs.   

According to the Soil Map of Andalusia 1:400.000 (Mapa de Suelos de Andalucía), the sites were 

all located over Eutric cambisols, Rankers and Hortic luvisols with Chromic luvisols. In the FAO WRB soil-

classification system, these soils are characterized by the following reference groups (Food and 

Agriculture Organization of the United Nations, 2015): 

 Cambisols: Cambisols are soils with little or no profile differentiation, moderately developed. 

They combine soils with at least an incipient subsurface soil formation, where transformation of 

parent material is evident from structure formation and mostly brownish discoloration, 

increasing clay percentage, and/or carbonate removal.  

The qualifier for this reference group was Eutric, which makes reference to an effective base 

saturation in non-superficial diagnostic horizons.  

 

 Leptosols: Leptosols are thin soils over continuous rock and soils that are extremely rich in 

coarse fragments, particularly common in mountainous regions.  

The equivalent of Rankers (which are from the Kubiëna soil-classification system) in the WRB 

soil-classification system is a type of leptosol over non-calcareous rock.  

 

 Luvisols: Luvisols have horizons with higher clay content in the subsoil than in the topsoil, as a 

result of pedogenetic processes (especially clay migration), leading to an argic subsoil horizon. 

They have high-activity clays (slightly altered, with a high adsorption capacity) throughout the 

argic horizon and a high base saturation (pH 6) in the 50-100 cm depth, as well as high CEC 

(Cation Exchange Capacity). It is very common in the Mediterranean. 

It was found with two qualifiers:  

o Hortic: a mineral surface horizon created by the human activities, such as deep 

cultivation, intensive fertilization and/or long-continued application of human and 

animal wastes and other organic residues.  

o Chromic: horizon with a significant reddish color due to the abundance of iron oxides.  
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4.4 Geology  
In this section, the geology of the three studied catchments has been characterized. This data 

was selected for the CN method, over the previously mentioned soil map, due to the smaller scale.  

According to the Geologic Map Sheet 938-NERVA from the Instituto Geológico y Minero de 

España (IGME, Geologic and Mining Institute of Spain), seven geologies were found between the three 

catchments. Two types of geology (Lavas and Agglomerates, lavas and acid or of neutral pH schitose tuff) 

were found in the Western and Eastern catchments and in the majority of the Central catchment. The 

remaining types were found at the South of the Central catchment. In the 

Figure 4.8, the geologies have been represented.  
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Figure 4.8. Site geology. From IGME.  

 Consequently, the geologies on the different catchments are characterized by:  

 Anthropogenic sediments: Mining residues, mineral or pyrite trails, cast products and 

accumulation of residual ashes.  

 Lavas: Igneous volcanic rock of fine grain.  

 Oxidized sulphide areas: Mining residues.  

 Purple cineritas (ash flows) “purple slates”: Sedimentary materials formed by the 

accumulation of volcanic ashes in a continental environment, with medium or small grain 

size.  

 Slates and greywackes: A prominence of fine-grained metamorphic rock (slates) and some 

sedimentary detritic rock with a fine matrix superior to 15 % (greywackes).  

 Tuff, tuffites and slates: A prominence of igneous volcanic rock (tuff) and some sedimentary 

volcanic marine rock with less than 50 % of fine pyroclastic material integrated in a clayey or 

limestone cement (tuffites) and fine-grained metamorphic rock (slates).  

 Agglomerates, lavas and acid or of neutral pH schistose tuff: A prominence of heterogenic 

materials (agglomerates) and some igneous volcanic rocks (lavas and tuff).  
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4.5 Vegetation 
Vegetation also plays an important role in runoff: it decreases runoff speed and quantity, as it 

acts like a barrier and increases the infiltration of water into the soil. The pre- and post-wildfire 

vegetation characterization was developed through different methods (represented on Figure 4.9): the 

pre-wildfire vegetation was characterized through photointerpretation and field data. Field data is 

composed by observations of the studied catchments and of similar vegetation areas. The similar 

vegetation areas were vegetation areas similar to the observed in the studied catchments but 

unaffected by wildfire, in order to obtain ground-cover data, as ground-cover plays an indispensible role 

in runoff and erosion. Post-wildfire vegetation is reflected by the Soil Burn Severity as stated in the CN 

methodology.  

 

Figure 4.9. Characterization process of pre- and post-wildfire vegetation 

 

4.5.1 Pre-wildfire vegetation 

In this section, the pre-wildfire vegetation of the three studied catchments was described and 

compared. The characterization process included photointerpretation and field data. Since the field visit 

was carried out after the wildfire in the area (December 2018), field data is composed by on-site and off-

site data. The visit on-site aided in the verification of the photo-interpreted vegetation areas as well as 

the characterization of dominant vegetation species and canopy cover. Even though the vegetation on-

site was severely damaged, the identification of vegetation covers and species was still possible. To 

further characterize these vegetation areas, data was collected from similar vegetation areas not 

affected by the wildfires and as close to the sites as possible. In the Annex I, photographic reports 

corresponding to on-site vegetation and the off-site “similar vegetation areas” photographs have been 

included. This characterization relied mainly in the observation of ground-cover: groundcover frequently 

supposes a lower risk of surface runoff generation and a decrease in its velocity. The pre-wildfire 

vegetation has been consequently represented in the following manner:  

 Vegetation perimeters drawn through photointerpretation (Figure 4.10) 

 Vegetation perimeters with defined dominant vegetation (Figure 4.11) 

 Location of the “similar vegetation areas” of each vegetation type (Figure 4.12).  

Pre-wildfire 

• Photointerpretation 

• Field data 

• Of studied catchments 

• Of similar vegetation areas 
(outside studied catchments 
and unaffected by the wildfire) 

Post-wildfire 

 

 

• Soil Burn Severity 
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Figure 4.10. Pre-wildfire vegetation perimeters through photointerpretation, of all catchments. 

 

Figure 4.11. Pre-wildfire dominant vegetation of all catchments.  

W 

C 

E 

W 

C 

E 



22 
 

 

Figure 4.12. Location of “similar vegetation areas” in the pre-wildfire condition, where the codes represent the different 
vegetation:  

 Code 1: Maritime pine 

 Code 2: Maritime pine and Eucalyptus 

 Code 3: Eucalyptus 

 Code 4: Bush 

 Code 5: Not-so-dense stone pine 

 Code 6: Dense stone pine 

The seven vegetation covers found between all three sites were characterized by: 

o Bare soil: located to the South of the Central catchment, composed by an area of loose soils 

of anthropogenic origin (mining activity) and materials of an unpaved road.  

o Maritime pine (Pinus pinaster): located in the Central catchment, composed by an upper 

canopy cover of 40% by Maritime pine, and a dominated canopy cover of 80% by bush 

species: heath (Erica sp.) and strawberry tree (Arbutus unedo). Groundcover of 95 %.  

o Maritime pine and Eucalyptus (Pinus pinaster and Eucalyptus sp.): located in the Western 

catchment, composed by an upper canopy cover of 30% by Maritime pine and Eucalyptus 

trees, and a dominated canopy cover of 40% by bush species: gum rockrose (Cistus ladanifer) 

and heath. Groundcover of 80 %. 

o Eucalyptus (Eucalyptus sp.): located in the Western catchment, composed by an upper 

canopy cover of 20% by the Eucalyptus trees, and a dominated canopy cover of 30% by the 

bush species (gum rockrose and heath). Groundcover of 60 %. 
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E 
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o Bush: located in the Western catchment, composed by several bush species: dominating 

gum rockrose and heath over lavender (Lavandula sp.) and others, and few dispersed 

Maritime pine trees. Groundcover of 100 %. 

o Not-so-dense stone pine (Pinus pinea): located in the Central catchment, this vegetation 

cover has an upper canopy cover of an approximate average of 50% of Stone pine, and a 

dominated canopy cover of 70% by bush species: gum rockrose and Ulex sp. Groundcover of 

50 %. 

o Not-so-dense stone pine (contoured): located in the Western catchment, this vegetation 

cover shares the same qualities as the previous vegetation cover, with the exception of the 

presence of ridges.  

o Dense stone pine: located in the Eastern catchment, as well as a small and adjacent part of 

the Central catchment. It has a canopy cover of, approximately, more than 90%. This 

vegetation cover was not observed on the field due to restoration of the area. Groundcover 

of 70 %. 

 

4.5.2 Post-wildfire vegetation 

The post-wildfire vegetation is directly related to soil burn severity (SBS). SBS is defined by the 

degree of impact a wildfire had on soil, classified in three levels: low, moderate and high. The Curve 

Number methodology defines the vegetation affected by a wildfire in those three levels, according to 

Higginson and Jarnecke (USDA, 2013):  

 Low SBS: Surface organic layers are not completely consumed and roots are generally 

unchanged, due to minimal heat penetration of the soil. While exposed mineral soil may 

appear lightly charred, the canopy and understory vegetation generally appears unchanged. 

 Moderate SBS: Up to 80 % of the pre-fire ground-cover may be consumed. Roots may be 

scorched but generally not completely consumed, and soil structure is unchanged. 

 High SBS: All or nearly all of the pre-fire ground-cover is generally consumed, along with 

roots up to 0.25 cm in diameter. Charring may be visible on larger roots. Significant bare or 

ash-covered soil is exposed on soil structure is less stable due to loss of root mass. From the 

site visit it can be said that the overall SBS of the wildfire that affected the catchments 

was High.  

However, no adequate spatial SBS data was available, so all categories of SBS were separately 

applied in the CN method carried out in this study, which also aided in the observation of variations: 

depending on the SBS applied, the post-wildfire vegetation differs and the effect on CNs, runoff and 

flow-rates were analyzed.  

 



24 
 

4.6 Hydrology 
In this section, the hydrology of the three studied catchments was described regionally and 

locally. The local characterization was indispensible in this study for the calculation of flow-rates.  

The catchments of the three studied catchments are tributaries of the Tinto River basin, 

belonging to the Odiel River basin. The watercourses, within the studied catchments, flow in different 

directions: the Western watercourse towards West, the Central watercourses towards the South and 

the Eastern watercourse towards the East. However, eventually they all flow towards the South, where 

they will meet the Tinto River, the Odiel River and, finally, the Atlantic Sea. 

The characteristics of the water courses in each catchment play an important role on the 

calculation of hydrological parameters. The Eastern and Western catchments have one water course, 

while the Central catchment has two, according to the National Topographic Base scale 1:25,000 from 

the National Center of Geographic Information (BTN25 – CNIG). Figure 4.13 locates these watercourses, 

which have been named after their catchment:  

 Watercourse W - watercourse in the Western catchment,  

 Watercourse E - watercourse in the Eastern catchment,  

 Watercourse C - watercourse in the Central catchment:  

o Watercourse CW – watercourse in located to the West in respect to the other 

watercourse (CE), 

o Watercourse CE – watercourse in located to the East in respect to the other 

watercourse (CW). 
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Figure 4.13. Water courses of all the studied catchments.  

The characteristics of these water courses have been summarized on Table 4.5 and Figure 4.14 

to Figure 4.17:  

 W: watercourse with the highest altitude (578 m) between all catchments. It decreases to 482 m 

on catchment outlet, resulting in an altitude variation of 96 m. With a length of 692 m, it has a 

slope of 14 %.  

 

Figure 4.14. Longitudinal profile of watercourse W.  

Longitudinal profile of watercourse W 
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 E: It is the watercourse with lowest altitude variation and slope, between all catchments. With a 

maximum altitude of 547 m and minimum altitude of 492 m on catchment outlet, it results in an 

altitude change of 55 m. With a length of 686 m, it has a slope of 8 %.  

 

Figure 4.15. Longitudinal profile of watercourse E.  

 C: these watercourses decrease to 400 m on the catchment outlet, which is the lowest altitude 

between all catchments.  

o CW: It is the steepest and longest watercourse, between all catchments. With a 

maximum altitude of 567 m, it has an altitude change of 168 m. With a length of 711 m, 

it has a slope of 24 %.  

 

Figure 4.16. Longitudinal profile of watercourse CW.  

Longitudinal profile of watercourse E 

Longitudinal profile of watercourse CW 
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o CE: watercourse that has a maximum altitude of 483 m. It has an altitude change of 83 m. 

With a length of 447 m, which is the shortest length between all catchments, it has a 

slope of 19 %.  

 

Figure 4.17. Longitudinal profile of watercourse CE.  

 

Table 4.5. Characteristics of catchment water courses. 

Water course Altitudes (masl) 
         Min.                       Max.                  Max.-min. Length (m) 

Average slope 
(m/m) 

W 481.65 577.70 96.05 692.01 0.1388 

CW 400.47 567.19 167.72 710.83 0.2360 
CE 400.47 483.13 82.66 446.58 0.1851 

E 492.18 547.37 55.18 686.21 0.0804 

 

 

 

 

 

  

Longitudinal profile of watercourse CE 
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4.7 Climatology 
In this section, the climatology of the three studied catchments has been described. Due to the 

absence of weather stations near the studied sites, the climate data has been estimated to be the same 

for all three studied catchments. This data was only used for site characterization, as the precipitation 

data used in the CN method was the maximum daily precipitation which will be determined in the 

Methodology Section. 

According to the IGN (Instituto Geográfico Nacional, National Geographic Institute of Spain), the 

sites are located in a continental sub-humid Mediterranean climate. Climate data was obtained through 

the Monthly Precipitation Database of Spain (MOPREDAS), since no weather stations were located 

within the studied catchments and nearby stations had less than 20 years of data. The catchments are 

located approximately in the middle between MOPREDAS points 8349 (to the North) and 8477 (to the 

South), so an average between them was taken. Average precipitation and temperature data has been 

represented in Table 4.6 and Figure 4.18.  

Table 4.6. Average precipitation and temperature data between MOPREDAS points 8349 and 8477. 

Month 
Precipitation 

(mm) 
Temperature  

(C°) 

January 115.8 9.2 

February 96.8 10.4 

March 86.7 12.6 

April 75.0 14.2 

May 52.9 17.6 

June 23.4 22.1 

July 3.6 25.9 

August 6.9 25.8 

September 35.0 22.6 

October 99.1 17.7 

November 113.5 12.9 

December 137.3 9.9 

Annual average 845.9 16.7 
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Figure 4.18. Climogram, for all catchments, developed from Table 4.6. 

 The annual average precipitation is high, about 846 mm. The arid period would be from June to 

September where, as it can be observed from the Figure 4.18, the precipitation is less than double the 

temperature (P<2T). Maximum precipitations are found in October to January. In winter, temperatures 

are not sufficiently low for snow or hail events.   

 The temperature oscillation is smooth, with monthly average temperatures superior to an 

approximate value of 10ºC, reaching a maximum of 26ºC in July and August, and annual average of 

16.7ºC. The lowest temperatures are reached in winter, more specifically during December, January and 

February.  
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5 Materials  
The Curve Number Method applied in this project requires information about to soil, vegetation 

(cover type), land use (treatment of vegetation), topography and precipitation. In Figure 5.1, the type of 

information needed for the application of the methodology carried out in this project and the origin of 

this data has been summarized. It is important to recognize that the geologic map was used for soil 

information. This was due to the smaller scale of this map compared to soil data and, as it will be seen in 

the section Geology to Hydrologic Soil Group, this data was interpreted to reflect soil properties. 

Additionally, the ArcGIS software will be used to visualize, treat and generate results and maps.  

 

Figure 5.1. Materials. 

   

 

  

•Geologic Map of Spain: Sheet 938 – NERVA 1:50,000; and 
associated report from the IGME (Geologic and Miner Institute 
of Spain)  

Soils 

•Field data 

•Photointerpretation of Most Actual Aerial Photograph (PNOA) 

Vegetation 
and land use 

•From CNIG (National Center of Geographic Information): 

•Digital Model of the Terrain (MDT, scale 5x5 m) 

•BTN 1:25,000: 

•Altitude Curves 

•Water courses (streams) 

Topography 

•Daily maximum average precipitations from the Ministry of 
Development (Ministerio de Fomento, Dirección General de 
Carreteras) 

Precipitation 
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6 Methodology  
The Curve Number Method was developed by the U.S. Department of Agriculture Natural 

Resources Conservation Service (NRCS) to estimate surface runoff and it is the second most commonly 

used post-wildfire runoff estimation method by BAER team members (30%) (Foltz & Robichaud, 2011). It 

considers a variety of factors: rainfall, soil, cover type, treatment/conservation practice, hydrologic 

condition, and topography (slope). The slope factor is not originally considered in the Curve Number (CN) 

methodology, but due to the mountainous physiography of the catchments it was expected to 

significantly increase CNs and would therefore justify its inclusion in this project. The CNs can range 

from 0 to a 100, with higher values corresponding to higher runoff potentials. The CN method first 

assigns pre-wildfire CNs, through the analysis of the factors previously discussed. Then, an adjustment 

on these pre-wildfire CNs is made in respect to the Soil Burn Severity (SBS) to calculate post-wildfire CNs. 

CNs are ultimately applied for the calculation of surface runoff, and these results can then be used for 

the calculation of flow-rates according to Spanish legislation. In return, for different rain events for both 

pre- and post-wildfire conditions, the estimated: 

 Runoff results could aid estimating erosion potential increase, and  

 Flow-rate results could aid estimating flood risk increase, and potential threat to life and 

property.  

All the steps followed in this methodology were represented in the Figure 6.1. These are 

explained one by one below.  

 

Figure 6.1. Methodology steps in green, sub-steps in blue (CN assignation and calculation) and methods in black.  
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First, the pre-wildfire CNs will be assigned using guidance provided by the USDA: chapter 8 Land 

Use and Treatment, chapter 9 Hydrologic Soil-Cover Complexes and chapter 10 Estimation of Direct 

Runoff from Storm Rainfall (USDA, 2004) have been most significantly used in this study. Firstly, the pre-

wildfire CNs will be determined in the following steps, which will be spatially visualized using ArcGIS 

software (represented in Figure 6.2):  

1. Hydrologic Soil Groups (HSGs): The HSGs reflect the permeability of a soil in four categories: A, 

B, C &D, where A is the most permeable and D the least permeable. As it was previously 

mentioned, geology data was used over soil data due to the smaller map scale. Hence, the 

geologies have been interpreted and grouped into these HSGs by making assumptions into the 

type of soil that might generate following the guidelines of Gómez-Sanz, Escorial García and 

Roldán Soriano (Gómez-Sanz, Escorial García, & Roldán Soriano, 2019).  

2. Cover Type (CTs): CTs have been assigned through the interpretation of the pre-wildfire 

vegetation and the Hydrologic Condition (HC). Hydrologic Condition represents the 

characteristics of surface runoff in respect to its flow direction, rate and volume. It is classified 

into poor, fair and good in the CN method and, while it is based on many factors, groundcover 

(litter, grass, and brush overstory) data was applied to assign it using field observations included 

in the Site Characterization – Vegetation. This was considered adequate since groundcover has a 

major influence on surface runoff in every dimension: movement, volume and velocity, and, 

consequently, also on Hydrologic Condition.  

3. CNs per Soil-Cover Complex (SCC): The CNs can then be assigned to the different combinations 

of HSGs, Cover Types and Hydrologic Conditions. The different spatial combinations of these 

variables are called the Soil-Cover Complexes (SCCs).   

4. Slope: The tables used in the previous step (to assign CNs per SCC) do not consider slope. 

However, since slope has been recognized as an important factor in this project due to its 

influence on surface runoff: in steeper slopes the risk of runoff generation, for the same 

vegetation cover, increases, consequently it could potentially increase both surface runoff 

volumes and peak flow-rates. Hence, in order to consider the effect of slopes on CNs, the slope 

data (in the raster/pixel form) will be overlapped with the SCCs and then the CNs will be 

calculated using the Sharply-Williams method (Akbari, 2015). As a result, the CNs will vary on 

each pixel (of size 5x5 m).  

5. Catchment pre-wildfire CNs: Each pixel CN value will then be weighted with their respective 

area, so that the sum will result in the CN of their respective catchment.  

 

Figure 6.2. Process for the determination of pre-wildfire CNs. 
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Second, the post-wildfire CNs will be determined using pre-wildfire data (results from step 4) 

and the Soil Burn Severity (SBS). There are three SBS categories: low, moderate and high, previously 

mentioned in the Site Characterization – Vegetation section. Hence, for each SBS category, post-wildfire 

CN catchment results and pixel maps will be generated. The CNs in respect to SBS will be calculated 

using the Higginson and Jarnecke guidelines (USDA - Forest Service, 2013).  

Third, the daily maximum average precipitation data was generated using the guidelines from 

the Ministry of Development (Ministerio de Fomento - Dirección General de Carreteras, 1999). This 

precipitation data was generated for a variety of return periods: 2, 5, 10, 25, 50, 100, 200, 500 years; 

and was assumed to be constant for all catchments. 

Fourth, for each wildfire condition (of which there are four: pre-wildfire, post- wildfire low SBS, 

post-wildfire moderate SBS and post-wildfire high SBS) and catchment, as well as precipitation data, the 

runoff and flow-rate results at catchment outlet will be calculated using the CN method and the Spanish 

norm (Order FOM/298/2016 of February 15th) on superficial drainage.  

The steps mentioned are represented in Figure 6.3.  

 

Figure 6.3. Other steps: Precipitation, Runoff and Flow-rates. 

Lastly, the absolute and relative results will be compared between pre- and post-wildfire 

conditions and different precipitation return periods in order to achieve the project objective: observing 

the change in hydrologic variables.  

 

 

  

Catchment CN 

Precipitation 

Runoff Flow-rate  
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7 Results and discussion 
In this section, the results of the method previously described will be represented and discussed 

for: 

 CNs in pre- and post-wildfire conditions. 

 Precipitation relative to rain events of various return periods (T).  

 Surface runoff and flow-rates at catchment outlet, relative to pre- and post-wildfire conditions 

and to return period (T).  

7.1 Results 
In this section, the results from the different steps of the methodology will be represented.   

7.1.1 Assigning CN values 

In this section, the two-step process to assign pre- and post- wildfire CNs will be explained.  

1. Assigning pre-wildfire CNs: this step relies in the interpretation of the catchment characteristics 

to adapt them to the CN methodology. It is composed of four steps:  

 Geology to Hydrologic Soil Groups (HSGs),  

 Vegetation to Cover Type and Hydrologic Condition,  

 CN per Soil-Cover Complexes (SCCs),  

 Application of slope using the Sharply-Williams method (Akbari, 2015).  

2. Assigning post-wildfire CNs: calculated using pre-wildfire data and the Higginson and Jarnecke 

guidelines (USDA - Forest Service, 2013) for each hypothetical degree of Soil Burn Severity (SBS: 

low, moderate and high).  

It is important to recognize that for all four wildfire conditions (pre-wildfire, post-wildfire low 

SBS, post-wildfire moderate SBS, post-wildfire high SBS), data was assigned and/or calculated in two 

forms: per pixel (due to the superposition of slope data over Soil-Cover Complexes) and average 

catchment CNs.  

Pre-wildfire CN values 

As it was previously mentioned, to assign pre-wildfire CN values, the five steps represented on 

Figure 7.1 were followed:  

 

Figure 7.1. Process to assign pre-wildfire CNs. 
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Geology to Hydrologic Soil Group (HSG) 

 

 

 

The HSG was determined through geology due to the unsuitable scale of soil data. The geology, 

depending on the origin (igneous, metamorphic, sedimentary or anthropogenic) and grain size (coarse, 

fined and combinations of these), can give rise to different soils and these can be more or less 

permeable. Hence, these geologies can be classified into groups, from A to D, that define the 

permeability of their soils where A is most permeable and D least permeable, in the following manner 

(Gómez-Sanz, Escorial García, & Roldán Soriano, 2019):  

 Group A: predominant sandy detrital materials or heterogenic (different grain sizes) 

materials of anthropogenic origins, but with dominant presence of coarse materials (such as 

gravel) or significant macro-porosity.   

 Group B: igneous or metamorphic rocks with prominence of course materials.  

 Group C: igneous or metamorphic rocks with significant presence of fine materials or 

detrital materials with varied grain size, excluding dominantly sandy.  

 Group D: mass rocks with scarce fissures or sedimentary materials of chemical and detrital 

origins with dominant presence of fine materials or reduced macro-porosity. 

As it was discussed in the Site Characterization – Geology and Soils Section, the geologies on the 

different catchments were characterized by:  

 Anthropogenic sediments: Mining residues, mineral or pyrite trails, cast products and 

accumulation of residual ashes.  

 Lavas: Igneous volcanic rock of fine grain.  

 Oxidized sulphide areas: Mining residues.  

 Purple cineritas (ash flows) “purple slates”: Sedimentary materials formed by the 

accumulation of volcanic ashes in a continental environment, with medium or small grain 

size.  

 Slates and greywackes: Predominant fine-grained metamorphic rock (slates) and some 

sedimentary detritic rock with a fine matrix superior to 15 % (greywackes).  

 Tuff, tuffites and slates: Predominant igneous volcanic rock (tuff) and some sedimentary 

volcanic marine rock with less than 50 % of fine pyroclastic material integrated in a clayey or 

limestone cement (tuffites) and fine-grained metamorphic rock (slates).  

 Agglomerates, lavas and acid or of neutral pH schistose tuff:  Predominant heterogenic 

materials (agglomerates) and some igneous volcanic rocks (lavas and tuff).  

 

 

Geology 
Hydrologic Soil 

Groups (HSG) 
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Therefore, the geologies on site were found in the following HSGs:  

 Group A: Oxidized sulphide areas and Anthropogenic sediments 

 Group B: Agglomerates, lavas and acid or of neutral pH schistose tuff 

 Group C: Lavas and Slates and greywackes 

 Group D: Tuff, tuffites and slates and Purple cineritas (ash flows) “purple slates” 

This assignation has been represented on Table 7.1 and in Figure 7.2. As it is observed from the 

figure, the majority of the catchments surfaces are of HSGs B and C (medium permeability). 
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Table 7.1. Characterization of the geology present on studied catchments for the determination of HSGs.  

Geology Rock type Grain size/porosity/fissures HSG 

Anthropogenic sediments Anthropogenic  Heterogenic loose materials A 

Oxidized sulphide areas Anthropogenic  Heterogenic loose materials A 

Agglomerates, lavas and acid 
or of neutral pH schistose tuff 

Heterogenic igneous volcanic Predominantly coarse grained B 

Lavas Igneous volcanic Fine grained C 

Slates and greywackes Predominant metamorphic with some detrital sedimentary Fine grained C 

Purple cineritas (ash flows) 
“purple slates” 

Detrital sedimentary  Fine grained D 

Tuff, tuffites and slates Predominant igneous volcanic with some detrital sedimentary Fine grained D 
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Figure 7.2 Geology (left) and Hydrologic Soil Groups (right). 
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Vegetation to Cover types and Hydrologic Conditions 

 

In this section, the pre-wildfire vegetation data was: 

1. Interpreted to assign Cover Types acknowledged by the CN method: The interpretation of 

Cover Types is frequently subjective. In this project, the interpretation was based mainly on the 

height, vegetation type (woody or herbaceous) and leaf type (evergreen or deciduous) of the 

dominant species. 

2. Used to determine the Hydrologic Condition defined by the CN method: the Hydrologic 

Condition was assigned depending on ground-cover area (using the data visually determined on 

the field, in percentage) into three ranges: poor, fair and good.  

The Cover Types (CTs) and the Hydrologic Conditions (HCs) are defined by the CN method by:  

 Selecting a table: A table within the CN method is chosen depending on its use (agricultural, 

forest or urban). In each, the CVs and HCs have been defined. Since the studied catchments had 

a forest use, the forest table was used. However, there have been exceptions (see below).  

 CTs: It is important to mention that the characterization of CT by the CN method is broad (open 

to interpretation), especially in the Forest table. In other words, the vegetation must be 

assigned the most suitable CT. In this study, the proposed interpretation for the CTs depended 

on the height, vegetation type (woody or herbaceous) and leaf type (evergreen or deciduous) of 

the dominant species.  

 HCs: the CN method classifies HC depending on several variables. As it was previously 

mentioned, The HC represents the characteristics of surface runoff in respect to its flow 

direction, rate and volume. It is classified into poor, fair and good in the CN method and, while it 

is based on many factors, ground-cover (litter, grass, and brush overstory) data was applied to 

assign it using field observations included in the Site Characterization – Vegetation. This was 

considered adequate since ground-cover has a major influence on surface runoff in every 

dimension: movement, volume and velocity, and, consequently, also on HC.   

 Exceptions: these will play an important role in the assignation of the Soil-Cover Complex CNs in 

the next section. The exceptions have been due to: 

o The absence of certain suitable CTs in the Forest table: For an area of bare soil that was 

observed in the field. Consequently, since the base soil was recognized to have arisen 

due to anthropogenic causes (mining activity) and the Agriculture table does have a 

Bare Soil CT, this table was reckoned suitable to use. Additionally, for this CT, HC was 

not given nor needed to determine  

o A pre-wildfire vegetation type fit into two CTs simultaneously.  

In the first step, each pre-wildfire vegetation type characterized in the Site Characterization – 

Vegetation Section, represented in Figure 7.3, was interpreted to assign a certain CT acknowledged in 

Cover 

Type 

Hydrologic 

Condition 
Vegetation + 
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the CN method. These CT are summarized in the original tables (found in Annex II, divided into two 

tables: Agriculture and Forest) and will be mentioned below. The Forest table was chosen to assign CTs 

due to the forest use of the studied catchments, except for the area of bare soil observed on the field 

(no CT from the Forest table was found suitable), so the Bare soil Cover type from the Agriculture table 

was used.  

The Forest Cover Types acknowledged in the CN method are:  

 Herbaceous: mixture of grass, weeds and low-growing brush, with brush the minor element.   

 Oak-aspen: mountain brush mixture of oak brush, aspen, mountain mahogany, bitter brush, 

maple and other brush.  

 Pinyon-juniper: pinyon, juniper, or both; grass understory.  

 Sage-grass: sage with an understory of grass.  

 Desert shrub: major plants include saltbush, greasewood, creosotebush, blackbrush, bursage, 

paloverde, mesquite and cactus.  

As it was previously mentioned, these CT have been interpreted depending on the height, 

vegetation type (woody or herbaceous) and leaf type (evergreen or deciduous) of the dominant species. 

Consequently, the interpretation of the CTs previously mentioned was:   

 Herbaceous: Herbaceous dominant species.  

 Oak-aspen: Deciduous woody dominant species of brush-tree height.  

 Pinyon-juniper: Evergreen woody dominant species of brush-tree height. 

 Sage-grass: Woody dominant species of brush-bush height.  

 Desert shrub: Woody dominant species of short height or succulents.  

The pre-wildfire vegetation was then assigned a CT depending on this interpretation (also 

represented in Table 7.2):  

 Oak-aspen: Eucalyptus. 

 Pinyon-juniper: Dense stone pine, Not-so-dense stone pine, Maritime pine.  

 Sage-grass: Bush.   

 The remaining pre-wildfire vegetation type, Maritime pine and Eucalyptus, was correlated 

simultaneously with two Cover Types: Oak-aspen and Pinyon-juniper.  
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Figure 7.3. Pre-wildfire vegetation.  

 

Table 7.2. Vegetation to CT 

Cover type Vegetation cover 

Oak-aspen-mountain brush mixture of oak 
brush, aspen, mountain mahogany, bitter 
brush, maple, and other brush 

 Eucalyptus 
 Maritime 

pine and 
Eucalyptus 

Pinyon-juniper-pinyon, juniper, or both; 
grass understory 

 Dense stone pine 

 Not-so-dense stone pine 

 Maritime pine 

Sage-grass-sage with understory of grass  Bush 

 

In the second step, the HC category was assigned to each pre-wildfire vegetation type 

depending on ground-cover (litter, grass, and brush overstory) data collected in the field (similar 

vegetation areas). The HC categories defined in the Forest table are:  

 Poor HC: less than 30% of ground-cover. 

 Fair HC: between 30 and 70% of ground-cover 

 Good HC: more than 70% of ground-cover  



42 
 

As represented in Table 7.3, the HCs of the pre-wildfire vegetation types were good (ground-

cover greater than 70 %) except for the Eucalyptus and Not-so-dense stone pine vegetation types, which 

had a fair HC (ground-cover of 30-70 %). Evidently, for the Bare soil CT, the determination of HC was not 

necessary. These final CT with their correspondent Hydrologic Condition (HC) have been summarized in 

Figure 7.4.  

Table 7.3. Representative photograph of ground-cover per pre-wildfire vegetation type, with the corresponding HC category. 

Pre-wildfire  
Vegetation 

Ground-cover 
        Representative                   Hydrologic 
           photograph                       Condition 

Maritime pine 

 

GOOD 
>70% 

Maritime pine and 
Eucalyptus 

 

GOOD 
>70% 

Eucalyptus 

 

FAIR 
30-70% 
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Bush 

 

GOOD 
>70% 

Not-so-dense                
stone pine 

 

FAIR 
30-70% 

Dense stone pine 

 

GOOD 
>70 

  

 In the Figure 7.4, the CT and HC data for each vegetation type has been spatially and visually 

represented.  
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Figure 7.4. CT and HC map. 
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Soil-Cover Complexes 

 

In this section, the spatial combinations (overlapping) of Hydrologic Soil Groups (HSG), Cover 

Types (CT) and Hydrologic Conditions (HC) determined in the previous sections have defined Soil-Cover 

Complexes (SCCs). Using the Forest and Agriculture tables of the CN method, the CN of each SCC was 

determined.  

The HSGs with CT and HC were spatially overlapped through ArcGIS software, which defined 

SCCs. Using the Forest and Agriculture tables of the CN method (USDA, 2004), the CNs for these 

different SCCs were determined. In the Table 7.4 to Table 7.8, the CN method tables have been 

replicated, where the resulting SCCs of the studied sites have been highlighted in blue. The original 

tables can be found in Annex II.  

Table 7.4. Runoff curve numbers for arid and semiarid rangelands (Forest table) (USDA, 2004) 

Cover description CN for HSG 

Cover Type 
Hydrologic 
Condition 

A1/ B C D 

Herbaceous-mixture of grass, weeds and low-growing 
brush, with brush the minor element 

Poor - 80 87 93 

Fair - 71 81 89 

Good - 62 74 85 

Oak-aspen-mountain brush mixture of oak brush, aspen, 
mountain mahogany, bitter brush, maple, and other 
brush 

Poor - 66 74 79 

Fair - 48 57 63 

Good - 30 41 48 

Pinyon-juniper-pinyon, juniper, or both; grass understory 

Poor - 75 85 89 

Fair - 58 73 80 

Good - 41 61 71 

Sage-grass-sage with understory of grass 

Poor - 67 80 85 

Fair - 51 63 70 

Good - 35 47 55 

Desert shrub-major plants include saltbush, greasewood, 
creosotebush, blackbrush, bursage, paloverde, mesquite 
and cactus 

Poor 63 77 85 88 

Fair 55 72 81 86 

Good 49 68 79 84 

1/ Curve numbers for HSG A have been developed only for desert shrub. 

It is important to mention that there have been three modifications in this method:  

1. The mixed CT of Maritime pine and Eucalyptus was considered to be in two CTs: Pinyon-juniper 

and Oak-aspen. Hence, an average was made between these CTs, as shown in Table 7.5.  

Cover 

Types 

Hydrologic 

Condition 
Vegetation + 

CN per    

Soil-cover 

complexes        

Geology Hydrologic Soil Groups 

(HSG) 
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Table 7.5. Runoff curve numbers for arid and semiarid rangelands (forest) – CT Oak-aspen and Pinyon-juniper interpolation. 

Cover description CN for HSG 

Cover Type 
Hydrologic 
Condition 

A1/ B C D 

Oak-aspen-mountain brush mixture of oak brush, aspen, 
mountain mahogany, bitter brush, maple, and other brush 

Poor - 66 74 79 

Fair - 48 57 63 

Good - 30 41 48 

Pinyon-juniper-pinyon, juniper, or both; grass understory 

Poor - 75 85 89 

Fair - 58 73 80 

Good - 41 61 71 

AVERAGE  36 51  

 

2. On the field, the Not-so-dense stone pine vegetation type in the Western catchment was 

observed to have ridges (see Annex I for photographic evidence). Ridges have a significant effect 

on surface runoff and, consequently, CNs. This treatment is not included in the CN Forest 

method. Consequently, the CN Agriculture table was analyzed in order to quantify the possible 

effect of ridges on the CN value.  

To do this, the “Straight row” treatment was recognized as the normal condition (i.e. Not-so-

dense stone pine, without ridges) and the “Contoured” treatment as the most similar to the 

ridges treatment observed on the field, so the variation between these (straight row and 

contoured) was calculated for all Cover Types from the CN Agriculture table. This variation was 

observed to not be constant (see Table 7.7), so the modal value was used (equal to -3) and 

applied to the CN of this vegetation (Not-so-dense stone pine, of CT Pinyon-Juniper), 

represented in Table 7.6.  

Table 7.6. Runoff CNs for arid and semiarid rangelands (forest) – CT Pinyon-juniper ridges adaptation. 

Cover description CN for HSG 

Cover Type 
Hydrologic 
Condition 

A1/ B C D 

Pinyon-juniper-pinyon, juniper, or both; grass understory 

Poor - 75 85 89 

Fair - 58 73 80 

Good - 41 61 71 

Variation of CN due to “Contoured” treatment (ridges)  -3 -3  

SUM  38 58  
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Table 7.7. Runoff CNs for agricultural lands (Agriculture table) – Ridges CN variation (USDA, 2004) 

Cover description CN for HSG 

Cover Type Treatment 1/ 
Hydrologic  
Condition 2/ 

A B C D 

Fallow 

Bare soil --- 77 86 91 94 

Crop residue cover (CR) 
Poor 76 85 90 93 

Good 74 83 88 90 

Row crops 

Straight row (SR) 
Poor 72 81 88 91 

Good 67 78 85 89 

SR + CR 
Poor 71 80 87 90 

Good 64 75 82 85 

Contoured (C) 
Poor 70 79 84 88 

Good 65 75 82 86 

C + CR 
Poor 69 78 83 87 

Good 64 74 81 85 

Contoured & terraced (C&T) 
Poor 66 74 80 82 

Good 62 71 78 81 

C & T + CR 
Poor 65 73 79 81 

Good 61 70 77 80 

Small grain 

SR 
Poor 65 76 84 88 

Good 63 75 83 87 

SR + CR 
Poor 64 75 83 86 

Good 60 72 80 84 

C 
Poor 63 74 82 85 

Good 61 73 81 84 

C + CR 
Poor 62 73 81 84 

Good 60 72 80 83 

C & T 
Poor 61 72 79 82 

Good 59 70 78 81 

C & T + CR 
Poor 60 71 78 81 

Good 58 69 77 80 

Close-seeded or broadcast 
legumes or rotation meadow 

SR 
Poor 66 77 85 89 

Good 58 72 81 85 

C 
Poor 64 75 83 85 

Good 55 69 78 83 

C & T 
Poor 63 73 80 83 

Good 51 67 76 30 

1/ Crop residue cover applies only if residue is on at least 5 percent of the surface throughout the year.  

2/ Hydrologic condition is based on combinations of factors that affect infiltration and runoff, including 

(a) density and canopy of vegetative areas, (b) amount of year-round cover, (c) amount of grass or close-

seeded legumes, (d) percent of residue cover on the land surface (good > 20%), and € degree of surface 

toughness.                     

Poor:  Factors impair infiltration and tend to increase runoff.               

Good:  Factors encourage average and better than average infiltration and tend to decrease runoff.    

-2 -2 

-3 -3 

-3 -3 
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For conservation tillage poor hydrologic condition, 5 to 20 percent of the surface is covered with residue 

(less than 750 pounds per acre for row crops or 300 pounds per acre for small grain).               

For conservation tillage good hydrologic condition, more than 20 percent of the surface is covered with 

residue (greater than 750 pounds per acre for row crops or 300 pounds per acre for small grain).  

 

3. Not all data was obtained from the Forest table, which was best suited for the studied sites, for 

the following reason: as it can be observed from the Table 7.4 (forest table), CN values for HSG A 

are not given for the Pinyon-juniper Cover Type, which is needed for a good and fair Hydrologic 

Condition. Therefore, the “woods” Cover type CN from the Agriculture table was used instead, 

represented in Table 7.8.  

It is important to mention that the Hydrologic Condition (HC) criterion applied in the previous 

cases and section (Vegetation to Cover Type and Hydrologic Condition) was from the forest table, 

but the Hydrologic Condition from the Agriculture table is practically the same:   

 Forest table: 

o Fair HC: ground-cover of 30 - 70 %.  

o Good HC: ground-cover greater than 70 %.  

 Agriculture table: 

o Fair HC: Woods are grazed, but not burned, and some forest litter covers the 

soil. 

o Good HC: Woods are protected from grazing, and litter and brush adequately 

cover the soil. 

 

Table 7.8. Runoff curve numbers for agricultural lands continuation –Woods section for Pinyon-juniper Cover Type HSG A 

Cover description CN for HSG 

Cover type 
Hydrologic 
condition 1/ 

A B C D 

Pasture, grassland, or range-continuous forage for grazing 2/ 

Poor 68 79 86 89 

Fair 49 69 79 84 

Good 39 61 74 80 

Meadow-continuous grass, protected from grazing and generally 
mowed for hay 

Good 30 58 71 78 

Brush-brush-forbs-grass mixture with brush the major element 3/ 

Poor 48 67 77 83 

Fair 35 56 70 77 

Good4/ 30 48 65 73 

Woods-grass combination (orchard or tree farm) 5/ 

Poor 57 73 82 86 

Fair 43 65 76 82 

Good 32 58 72 79 

Woods 6/ 

Poor 45 66 77 83 

Fair 36 60 73 79 

Good 30 55 70 77 

Farmstead-buildings, lanes, driveways, and surrounding lots --- 59 74 82 86 
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Roads (including right-of-way) 

 Dirt 

 Gravel 

     

--- 72 82 87 89 

--- 76 85 89 91 

1/ Hydrologic condition is based on combinations of factors that affect infiltration and runoff, including 

(a) density and canopy of vegetative areas, (b) amount of year-round cover, (c) amount of grass or close-

seeded legumes, (d) percent of residue cover on the land surface (good > 20%), and € degree of surface 

toughness.                     

Poor:  Factors impair infiltration and tend to increase runoff.               

Good:  Factors encourage average and better than average infiltration and tend to decrease runoff.    

For conservation tillage poor hydrologic condition, 5 to 20 percent of the surface is covered with residue 

(less than 750 pounds per acre for row crops or 300 pounds per acre for small grain).               

For conservation tillage good hydrologic condition, more than 20 percent of the surface is covered with 

residue (greater than 750 pounds per acre for row crops or 300 pounds per acre for small grain).  

2/ Poor:     <50% ground cover or heavily grazed with no mulch.                   

__Fair:       50 to 75% ground cover and not heavily grazed.            

__Good:    >75% ground cover and lightly or only occasionally grazed.   

3/ Poor:     <50% ground cover.                             

__Fair:       50 to 75% ground cover.              

__Good:    >75% ground cover. 

4/ IF actual curve number is less than 30, use CN = 30 for runoff computation.  

5/ CNs shown were computed for areas with 50 percent woods and 50 percent grass (pasture) cover. 

Other combinations of conditions may be computed from the CNs for woods and pasture.   

6/ Poor:     Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.              

__Fair:       Woods are grazed, but not burned, and some forest litter covers the soil.         

__Good:    Woods are protected from grazing, and litter and brush adequately cover the soil. 
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In Figure 7.5, the process and results have been visually represented. The maximum CN, with a 

value of 80, was observed in the Central catchment, defined by a D HSG and Pinyon-Juniper Cover Type 

of Fair HC. The minimum CN, a value of 30, is also observed in the Central catchment, defined by an A 

HSG and Pinyon-juniper Cover Type of Good HC.  

 

 

 

Figure 7.5. SCCs process and correspondent CNs. Top left: HSGs. Top right: Cover Types and Hydrologic Conditions. Bottom: 
SCCs CNs.  

  

  

Soil-Cover 
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Slope 

 

In this section, the Slope parameter was included in the CN method. This parameter is not 

included in the original CN method, so its inclusion was justified due to the significant variation of highly 

potentially erosive slopes (see Site characterization – Physiography – Slope Section). As it will be 

observed, its application has resulted in a significant increase on the CNs. The formula applied (Sharply-

Williams method) aided in the objective determination of CNs depending on slope.   

The reason this parameter has been included in this study was due to the existence of significant 

surface areas with steep slopes in all catchments. This parameter was not originally included in the 

methodology, but the slope adjustment of the Sharply-Williams method (Akbari, 2015) has been widely 

applied in the CN method, represented by the following formula:  

     
 

 
(       )(    

       )      

Where CN2 and CN3 are the CN for soil runoff conditions 2 (average) and 3 (wet) and α (m/m) is 

the slope. The variable CN2 represents the CNs previously obtained from the Soil-Cover Complexes 

Section, while the CN3 was obtained from Figure 7.6.   

CN per                           

Soil-cover complex 

tchment    

Slope 
Pre-wildfire 

CN 
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Figure 7.6. CN values for different soil runoff conditions (USDA, 2004)  

In order to apply the Sharply-Williams equation through ArcGIS software, the SCC CNs, with 

their corresponding CN3 values, were intersected with slope data. In Figure 7.7, the slope was 

represented in ranges for clarity, but in the project slope-per-pixel data was used, since slope data was 

available in a 5x5 m size. Hence, each pixel´s CNs was calculated. As it can be observed from the Figure 

7.7, the Sharply-Williams method not only increased CNs, but also decreased them: the maximum CN 

changed from 80 to 84 and the minimum CN changed from 30 to 25. It is important to recognize that the 

CN method does not recommend the use of CNs inferior to 30 to calculate hydrological variables. 

However, it was found suitable since, for very small slopes, infiltration is promoted, consequently 

decreasing runoff.  
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Figure 7.7. Top left: Slopes. Top right: SCCs CNs. Bottom: Pre-wildfire CNs (NCs of SCCs considering slopes) 
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 Lastly, each catchment´s average CNs was calculated: each pre-wildfire CN was pondered with 

their respective area. In Table 7.9, the results for SCCs CNs (not considering slope) and pre-wildfire CNs 

(considering slope) have been represented. It is observed that the physiography has increased CNs by 6 

units in each catchment.   

Table 7.9 Comparison between CNs considering slope (Pre-wildfire CNs) or not (SCCs CNs). 

Catchment Average slope (%) 
SCCs CNs 

(not considering slope) 
Pre-wildfire CNs  

(considering slope) 

W 33.70 55 61 
C 39.50 60 66 
E 29.74 52 58 
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Post-wildfire CNs 

In this section, the post-wildfire Curve Numbers (CNs) were determined through the method 

applied by Higginson and Jarnecke (USDA - Forest Service, 2013), for different Soil Burn Severities (SBSs). 

Following the same process as the determination of pre-wildfire CNs, the post-wildfire CNs were 

determined by pixels (spatially) and by catchments (average).  

To determine post-wildfire CNs, the Higginson and Jarnecke method parts from pre-wildfire CNs 

and, depending on the Soil Burn Severity (SBS), increases them by a certain value: 5 units for Low SBS 

(LSBS), 10 units for Moderate SBS (MSBS), and 15 units for High SBS (HSBS), represented in Table 7.10.  

Table 7.10. Change in CN after a wildfire in respect to soil burn severity, according to Higginson and Jarnecke (USDA - Forest 
Service, 2013)  

Soil burn 
severity 

Definition 
Post-fire 
CN = Pre-
fire CN+… 

Low 

Surface organic layers are not completely consumed and roots are 
generally unchanged, due to minimal heat penetration of the soil. While 
exposed mineral soil may appear lightly charred, the canopy and 
understory vegetation generally appears unchanged. 

5 

Moderate 
Up to 80 % of the pre-fire ground-cover may be consumed. Roots may be 
scorched but generally not completely consumed, and soil structure is 
unchanged.  

10 

High 

All/nearly all of the pre-fire ground-cover is generally consumed, along with 
roots up to 0.25 cm in diameter. Charring may be visible on larger roots. 
Significant bare or ash-covered soil is exposed on soil structure is less stable 
due to loss of root mass.  

15 

 

The post-wildfire CNs were then calculated:  

 Spatially (see Figure 7.8), CNs increased to a maximum CN of 99.  

 For catchment averages (see Table 7.11), the CNs have increased as Higginson and Jarnecke 

stated, with the exception of the Central catchment LSBS, which increased for four units rather 

than the expected five units, due to decimal places in the calculations.  

Table 7.11 Catchments pre- and post-wildfire CNs.   

Catchment 
Pre-wildfire 

 CNs 
Post-wildfire CNs 

LSBS       MSBS      HSBS 

W 58 63 68 73 
C 66 70 76 81 
E 61 66 71 76 
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Figure 7.8. Pre- and post-wildfire CNs for different SBSs maps 
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7.1.2 Calculating precipitation data 

In this section, the “Maximum daily precipitation of the Spanish Peninsula” guide by the Ministry 

of Development aided in the determination of Precipitation data needed to calculate run-off and flow-

rates. In this process, several variables played a role: the annual average of maximum daily precipitation 

( ̅), the Variation Coefficient (CV), the Return Period (T), the Regional Quantile (Yt), and the local 

Quantile. It is this last parameter, calculated for various return periods (T=2, 5, 10, 25, 50, 100, 200, 500), 

that defines the maximum daily precipitation data that will be applied to calculate runoffs and flow-

rates.   

Due to the absence of a weather station near to the study sites, the “Maximum daily 

precipitation of the Spanish Peninsula” guide by the Ministry of Development (Ministerio de Fomento, 

Dirección General de Carreteras) was followed in order to calculate precipitation data. The figure 7.9 

represents this process:  

1. Determination of Annual average of maximum daily precipitation ( ̅) and the Variation 

Coefficient (CV): The studied catchments were drawn on the Seville Precipitation Sheet, in figure 

7.10. In this map the isolines for these variables were represented. Hence, when the sites were 

located on the map, the values of these variables were estimated through the interpolation 

between the closest isolines. These values were considered the same for all the studied 

catchments.  

2. Determination of Regional Quantiles (Yt): Using table 7.1 from the guide, which relates Cvs to 

Yts depending on the T, the Yts of the studied sites were obtained for all the available Ts for the 

Cv determined previously.  

3. Calculation of Local Quantiles (Xt): The Xts were calculated by the multiplication of the Yts with 

 ̅, for all the Ts.  

As a summary, the precipitation data (Xt) was obtained for all the return periods available in the 

guide and was considered constant for all the studied catchments.  

 

Figure 7.9. Process of calculation of Local Quantiles (maximum daily precipitation). 

In figure 7.10, the studied catchments have been located on the Seville Precipitation sheet. 

Consequently, the values of the Variation Coefficient (  ) and the Average Maximum Daily Precipitation 

( ̅) were determined: 0.345 and 67 mm respectively.  

Return period 

(T) 

Regional Quantile 

(Y𝑡) 

Variation Coefficient 

(𝐶𝑉) 
+ 

Local Quantile 

(X𝑡)        Annual average of maximum daily precipitation 

(�̅�) 
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Figure 7.10. Seville Precipitation Sheet:    in dark red and  ̅ in purple. Site location in bright red. (Ministerio de Fomento - 
Dirección General de Carreteras, 1999) 

In table 7.12, the Regional Quantiles (Yts) for the Variation Coefficients (Cv) equal to 0.34 and 

0.35 for all Return Periods available have been summarized. Additionally, sine the determined Cv value 

was equal to 0.345, the average of these Regional Quantiles, for each return period, were taken (also 

represented in table 6.12).  

 
Cv 

Return period in years (T) 
        2                   5                 10                  25                 50               100               200               500        

0.34 0.924 1.213 1.423 1.717 1.930 2.174 2.434 2.785 
0.35 0.921 1.217 1.438 1.732 1.961 2.220 2.480 2.831 

AVERAGE 
(0.345) 

0.9225 1.215 1.4305 1.7245 1.9455 2.197 2.457 2.808 

Table 7.12 Yts for Cv values 0.34 and 0.35 in respect to T (Ministerio de Fomento - Dirección General de Carreteras, 1999).  

The Regional Quantiles (Yts) were then multiplied with the Annual average of maximum daily 

precipitation value ( ̅) found previously (equal to 67 mm). These results are summarized in table 7.13 

and figure 7.11. The Local Quantiles (Xts) and Return Periods (T) follow a square-root function. The 

runoff and flow-rates were calculated with these results in the next section.  
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Table 7.13. Yts and correspondent Xts, in respect to T. 

  ̅ 
T 

       2                 5                10               25                50              100             200             500 
Yt ------ 0.9225 1.215 1.4305 1.7245 1.9455 2.197 2.457 2.808 

Xt 67 61.80 81.41 95.84 115.54 130.35 147.20 164.62 188.14 

 

 

 

Figure 7.11. Precipitation for different return periods (T) 

 It is important to recognize that it is expected that Climate Change will make precipitation less 

frequent, but more intense, but these effects have not been considered in these results nor this project.  
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7.1.3 Calculating surface runoff 

In this section, two equations defined in the CN method were used to calculate average 

catchment surface runoff values (Q) for pre- and post-wildfire (Low, Moderate and High Soil Burn 

Severity) events the Return Periods used in the previous section. The first equation relates CNs with 

Maximum Potential Retention (S), while the second relates Maximum Potential Retention (S) and 

Precipitation (P) with Surface runoff (Q).  

The first equation relates CNs with Maximum Potential Retention (S):  

  
     

  
       

The Maximum Potential Retention (S) is the potential maximum soil moisture retention after 

runoff begins (in mm). The previously calculated CNs have been summarized in Table 7.14 and the 

Maximum Potential Retention values in Table 7.15. These variables were calculated for pre- and post-

wildfire (Low, Moderate and High Soil Burn Severity, SBS): it is evident that Maximum Potential 

Retention decreases as Soil Burn Severity increases.  

Table 7.14. Average catchment CNs for pre- and post-wildfire conditions.  

Catchment Pre-wildfire CN 
Post-wildfire CN in respect to SBS 

             Low                         Moderate                         High 

Western 58 63 68 73 
Central 66 70 76 81 
Eastern 61 66 71 76 

 

Table 7.15. Average catchment Maximum Potential Retention (S, in mm) for pre- and post-wildfire conditions.  

Catchment 
Pre-wildfire S 

(mm) 
Post-wildfire S in respect to SBS 

             Low                         Moderate                         High 

Western 183.93 149.17 119.53 93.95 
Central 130.85 108.86 80.21 59.58 
Eastern 162.39 130.85 103.75 80.21 

 

The second equation relates Surface Runoff (Q) with Maximum Potential Retention (S) and 

Precipitation (P):  

   
(      ) 

      
 

Where   (the maximum daily precipitation calculated in the previous section) and Q, are both in 

mm and in respect to a certain return period (T). These results have also been calculated for pre- and 

post-wildfire conditions (Low, Moderate and High SBS: LSBS, MSBS, HSBS). The results were summarized 

in Table 7.16 and Figure 7.12 to Figure 7.14 in order to visually observe the changes in surface runoff (Q) 
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through SBS and return periods: it is evident that surface runoff (Q) increases with increasing SBS and  

return period (T).  

Table 7.16. Catchment runoff (Q, in mm) for different return periods (T) pre- and post-wildfire conditions.  

For T=2, P = 61.81 mm 

Catchment 
Pre-wildfire Q 

(mm) 
Post-wildfire Q (mm) in respect to soil burn severity 

Low Moderate High 

Western 3.00 5.64 9.13 13.51 

Central 7.63 10.77 16.63 22.74 

Eastern 4.49 7.63 11.64 16.63 

For T=5, P = 81.41mm 

Catchment 
Pre-wildfire Q 

(mm) 
Post-wildfire Q (mm) in respect to soil burn severity 

Low Moderate High 

Western 8.71 13.25 18.68 25.05 

Central 16.40 21.11 29.35 37.42 

Eastern 11.33 16.40 22.38 29.35 

For T=10, P = 95.84 mm 

Catchment 
Pre-wildfire Q 

(mm) 
Post-wildfire Q (mm) in respect to soil burn severity 

Low Moderate High 

Western 14.35 20.25 27.03 34.72 

Central 24.21 29.99 39.80 49.08 

Eastern 17.78 24.21 31.53 39.80 

For T=25, P = 115.54 mm 

Catchment 
Pre-wildfire Q 

(mm) 
Post-wildfire Q (mm) in respect to soil burn severity 

Low Moderate High 

Western 23.61 31.27 39.76 49.09 

Central 36.27 43.39 55.09 65.79 

Eastern 28.11 36.27 45.26 55.09 

For T=50, P = 130.35 mm 

Catchment 
Pre-wildfire Q 

(mm) 
Post-wildfire Q (mm) in respect to soil burn severity 

Low Moderate High 

Western 31.55 40.46 50.14 60.56 

Central 46.18 54.22 67.17 78.79 

Eastern 36.80 46.18 56.30 67.17 

For T=100, P = 147.20 mm 

Catchment 
Pre-wildfire Q 

(mm) 
Post-wildfire Q (mm) in respect to soil burn severity 

Low Moderate High 

Western 41.42 51.68 62.60 74.16 

Central 58.16 67.15 81.39 93.92 

Eastern 47.49 58.16 69.46 81.39 

For T=200, P = 164.62 mm 

Catchment 
Pre-wildfire Q 

(mm) 
Post-wildfire Q (mm) in respect to soil burn severity 

Low Moderate High 

Western 52.42 63.98 76.08 88.69 

Central 71.18 81.07 96.49 109.85 

Eastern 59.28 71.18 83.59 96.49 
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For T=500, P = 188.14 mm 

Catchment 
Pre-wildfire Q 

(mm) 
Post-wildfire Q (mm) in respect to soil burn severity 

Low Moderate High 

Western 68.32 81.50 95.05 108.93 

Central 89.59 100.57 117.39 131.70 

Eastern 76.18 89.59 103.34 117.39 

 

 

Figure 7.12. Western catchment Runoff (Q) values in respect to wildfire condition, SBS and return periods (T). 
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Figure 7.13 Central catchment Runoff (Q) values in respect to wildfire condition and return periods (T). 

 

 

Figure 7.14. Eastern catchment Runoff (Q) values in respect to wildfire condition and return periods (T). 
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7.1.4 Calculating flow-rates 

In this section, the flow-rates were calculated using the previous surface runoff results (see 

equation below) and the Order FOM/298/2016 of February 15th about superficial drainage: this guide 

relates various parameters (I, Kt, C and A) to peak catchment flow-rates (Qp), represented in Figure 7.15.   

 

 

 

 

 

 

 

 

 

Figure 7.15. Process for the calculation of flow-rates.  

𝐼⬚   𝐼𝑑 × 𝐹𝑖𝑛𝑡
 

𝐼𝑑  
 𝑑 × 𝐾𝐴
  

 

Pd = Maximum daily precipitation (Xt) 

𝐾𝐴    
𝑙𝑜𝑔 0𝐴

  
 A = catchment 

area (km2) 

𝐹𝑖𝑛𝑡  max (𝐹𝑎, 𝐹𝑏) 

𝐹𝑎  
𝐼 
𝐼𝑑

  5  7   5  7×𝑡𝑐
0 1

 

𝐼1

𝐼𝑑
 is determined by 

the location of the 
studied catchments 

in a map 

For each 
watercourse, 

𝑡𝑐     × 𝐿𝑐
0 7 ×

𝐽𝑐
 0  9, choose the 
highest value of 
each catchment 

𝐹𝑏 not 
available 

𝑄𝑝   
𝐼 × 𝐾𝑡 × 𝐶 × 𝐴

  6
 

𝐾𝑡    
𝑡𝑐
   5

𝑡𝑐
   5    

 

1. 

2. 

3. 

𝑃𝑜  𝑃𝑜
𝑖 × 𝛽 
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To calculate the flow-rates at catchment outlets, the guidelines from the Order FOM/298/2016 

of February 15th, about superficial drainage, have been followed, which use the Rational Equation:  

            
𝐼×  × ×𝐴

   
    (Equation 1) 

 Where: 

    is the peak flow-rate (in m3/s) at outlet for a determined return period,  

 I is precipitation intensity for a determined return period (in mm/h),  

 Kt is the temporal precipitation distribution uniformity coefficient,  

 C is the average catchment runoff coefficient, and  

 A is the catchment area (in km2).  

The Rational Equation determines runoff generation of a certain catchment for uniform 

precipitation intensity through time and area. Due to the Precipitation data used, with is daily maximum 

precipitation, the precipitation intensity data is characterized as uniform through time. Additionally, the 

studied catchments have a small area (between 0.22 and 0.40 km2), and the guide mentions that the 

rational method is adequate for small catchment sizes (A < 50 km2), which means that the precipitation 

intensity data is also expected to be spatially uniform. Hence, due to the typology of precipitation data 

used and the small catchment area, the Rational Equation was considered adequate for this project.  

 

Parameter I – precipitation intensity 

The precipitation intensity (parameter I) was calculated by the equation 1-1.   

               𝐼   𝐼𝑑 × 𝐹𝑖𝑛𝑡    (Equation 1-1) 

Where: 

 Id is the corrected daily average precipitation intensity for a certain return period (in mm/h) and  

 Fint the rain intensity factor.  

 

The corrected daily average precipitation intensity (Id) was calculated by the equation:  

                 
  ×  

  
    (Equation 1-2) 

Where: 

 Pd is the daily precipitation value for a certain time period. These were found in the previous 

section (Xt, maximum daily precipitation, in mm), constant for all catchments, and  

 KA is the precipitation reduction factor per catchment area, which was equal to 1, since 

catchment areas are smaller than 1 km2.   
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The rain intensity factor (Fint) was calculated by the equation:  

                     max ( a,   )   (Equation 1-3) 

Where Fa is the factor obtained by the torrentiality index (I1/Id) and Fb is the factor obtained by 

pluviograph data. Fb values were not available due to the absence of a nearby pluviograph. 

Consequently, the rain intensity factor depended solely on Fa:  

                      a  
 1

  

  5  7   5  7×  
0 1

    (Equation 1-4) 

Where (I1/Id) is the torrentiality index and tc is runoff concentration time (in hours).  

The torrentiality index (
𝐼1

𝐼𝑑
) value was determined by the location of the studied catchments 

(represented by a red circle) in Figure 7.16, which corresponded to a value of 9.  

 

Figure 7.16. Torrentiality Index values, location of study sites marked by red circle (Order FOM/298/2016).  

The runoff concentration time (tc, in hours) was calculated by the equation 1-5:  

        𝑡𝑐      × 𝐿𝑐
0 7 × 𝐽𝑐

 0  9   (Equation 1-5) 
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 Where Lc is watercourse length (km) and Jc is water course average slope (m/m). It is important 

to mention that the Central catchment has two water courses (CW and CE). The norm states that in the 

case of various water courses, the one with the largest runoff concentration time (tc) is applied for the 

calculation of the rain intensity factor (Fint). The runoff concentration time results were calculated for 

the watercourses at the studied catchments, summarized in Table 7.17, where it was observed that the 

watercourse with longest runoff concentration time was CW.  

Table 7.17. Watercourse data (length and average slope) and runoff concentration time (tc) results.  

Watercourse Lc (km) Jc (m/m) tc (h) 

W 0.69201 0.1388 0.33 

CW 0.71083 0.2360 0.30 
CE 0.44658 0.1851 0.22 

E 0.68621 0.0804 0.36 

 

 The results for all the parameters previously mentioned have been summarized in Table 7.18.  

Table 7.18. Data and results for parameter I for all studied catchments 

    

    

 

 

Fint

ka Id Fa

2 61.80 2.58 41.52

5 81.41 3.39 54.69

10 95.84 3.99 64.38

25 115.54 4.81 77.62

50 130.35 5.43 87.57

100 147.20 6.13 98.89

200 164.62 6.86 110.59

500 188.14 7.84 126.39

Ka
tc 

(h)

0.2217 0.33 1.00

Pd 

(mm)
T A (km2)

1 16.12

Catchment W

I (mm/h)

Id
I

Fint

ka Id Fa

2 61.80 2.58 39.55

5 81.41 3.39 52.09

10 95.84 3.99 61.33

25 115.54 4.81 73.93

50 130.35 5.43 83.41

100 147.20 6.13 94.19

200 164.62 6.86 105.34

500 188.14 7.84 120.39

0.4026 0.36 1 15.36

Catchment E

1.00

Pd 

(mm)
A (km2)T

I (mm/h)

Id
I

tc 

(h)
Ka

Fint

ka Id Fa

2 61.80 2.58 43.20

5 81.41 3.39 56.91

10 95.84 3.99 67.00

25 115.54 4.81 80.77

50 130.35 5.43 91.13

100 147.20 6.13 102.91

200 164.62 6.86 115.08

500 188.14 7.84 131.53

Catchment C

16.780.334 0.30 1.00 1

I (mm/h)

tc 

(h)

Pd 

(mm)
A (km2)T IdKa

I
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Parameter Kt - temporal precipitation distribution uniformity coefficient 

 The temporal precipitation distribution uniformity coefficient (parameter Kt) was calculated by 

the equation 2-1, which solely depends on runoff concentration time (tc). Results were summarized in 

Table 7.19, where it was observed that the slight difference in runoff concentration times (tc) between 

catchments was not significant: it resulted in a constant Kt value for all catchments (equal to 1.02).  

        𝐾𝑡     
𝑡𝑐
1 2 

𝑡𝑐
1 2    

    (Equation 2-1) 

Table 7.19. Data and results for parameter Kt for all catchments 

 W C E 

Tc (h) 0.33 0.30 0.36 

Kt 1.02 1.02 1.02 

 

 

Parameter C – average catchment runoff coefficient 

 The average catchment runoff coefficient (parameter C) was calculated by the equation 2-2a, 

since the multiplication of daily precipitation (Pd) and the precipitation reduction factor per catchment 

area (KA, equal to 1) was found to be greater than the runoff threshold (Po).  

The average catchment runoff coefficient can be calculated in two different ways, depending 

whether the multiplication of daily precipitation (Pd, in mm) with the precipitation reduction factor per 

catchment area (KA, equal to 1) is greater or smaller than the runoff threshold (Po, in mm), represented 

in equations 2-2a and 2-2b.  These equations mean that, if the multiplication of daily precipitation with 

the precipitation reduction factor per catchment area is greater than the runoff threshold                   

(  ×      ), there will be surface runoff. If not ( 𝑑 × 𝐾𝐴    ), the value of zero of this parameter 

would result in no surface runoff, since all of the factors needed to calculate surface runoff are 

multiplied.  

If  𝑑 ×𝐾𝐴                    
(
 𝑑×  
 0

    )(
 𝑑×  
 0

   )

(
 𝑑×  
 0

     )
    (Equation 2-2a) 

If  𝑑 ×𝐾𝐴                               (Equation 2-2b) 

Consequently, the first step was to multiply daily precipitation (Pd) and the precipitation 

reduction factor per catchment area (KA, equal to 1). Daily precipitation values (Pd) were the maximum 

daily precipitation found in the previous section (Xt), constant for all catchments. Since Pd and KA values 

were constant for all catchments, the multiplication between these factors was also constant for all 

catchments and equal to Pd in respect to return period (T), summarized in Table 7.20: it was observed 

that the minimum value of the multiplication of these parameters was 61.80 mm.  
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Table 7.20. Multiplication of Pd and KA data for all catchments. 

   

The second step was to verify whether the multiplication between factors Pd and KA were 

greater or smaller than the runoff threshold (Po). Runoff threshold (Po) was calculated by equation 2-3:  

                    
𝑖 ×      (Equation 2-3) 

 Where   
𝑖  is the initial abstraction and   the correction coefficient for the initial abstraction 

parameter.  

 The initial abstraction (  
𝑖, in mm) was calculated using the potential maximum soil moisture 

retention (S, in mm), calculated in the previous section, using equation 2-4: the initial abstraction (  
𝑖) is 

the 20 % of the maximum soil moisture retention (S). Initial abstraction results for pre- and post-wildfire 

conditions and Soil Burn Severity (SBS) were summarized in table 7.21.  

                  
𝑖           (Equation 2-4)  

Table 7.21. Catchment Initial abstraction (  
 , in mm) for pre- and post-wildfire conditions and SBS.  

Catchment Pre-wildfire   
  

Post-wildfire   
 in respect to SBS 

             Low                         Moderate                         High 

Western 36.79 29.83 23.91 18.79 
Central 26.17 21.77 16.04 11.92 
Eastern 32.48 26.17 20.75 16.04 

  

 

 

 

2 61.80 61.80

5 81.41 81.41

10 95.84 95.84

25 115.54 115.54

50 130.35 130.35

100 147.20 147.20

200 164.62 164.62

500 188.14 188.14

61.80

Ka Pd*KA

1.00

Pd 

(mm)
T

MIN:
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For the calculation of the correction coefficient ( ), runoff data for calibration was needed, 

which was not available. The norm states that, in this case, the correction coefficient was calculated in 

the following manner: 

1. Selection of the method for the calculation of the correction coefficient ( ): the selected 

method was for cross-drainage works for roads and also bridges, represented in equation 2-5.  

                    (    50) × 𝐹     (Equation 2-5) 

Where    is average correction coefficient,  50 is the deviation in respect to the average 

correction coefficient value for a confidence interval of 50 % and 𝐹  a factor for different return periods 

(T=2, 5, 25, 100, 500 years).  

2. Determination of the region in which the studied catchments are located (defined by Figure 

7.17), to determine the values of the parameters needed by the chosen method. As it can be 

observed from Figure 7.17, where the location of the studied catchments have been 

represented by a red circle, the studied catchments were found to be located in region 512. 

According to this region, the values of the parameters needed by the chosen method of 

calculation of the correction coefficient (previous step) where:  

o    = 0.70 

o  50 = 0.20 

o 𝐹  = 1 

Since 𝐹  was constant for every return period (T=2, 5, 25, 100, 500 years), it was also considered 

constant for the missing return periods (T=10, 50, 200 years).  

3. Calculation of the correction coefficient: Using equation 2-5 and the values obtained from the 

previous step, the correction coefficient had a constant value of 0.50, since all parameters were 

constant for all the return periods.  
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Figure 7.17. Regions for beta values, site located at region 512. (Order FOM/298/2016) 

The Runoff thresholds (Po) were then calculated for pre- and post-wildfire conditions and Soil 

Burn Severity (SBS), as these were constant for all time periods, represented in Table 7.22. It was 

observed that, the maximum runoff threshold value was 18.39 mm, which does not reach the minimum 

of the PdxKA value previously calculated (63.43 mm). This meant that, for all the studied catchments, 

there is surface runoff and that the C parameter would be calculated by Equation 2-2a. The results for 

the C parameter were summarized in Table 7.23 in respect to pre- and post-wildfire conditions, SBSs and 

return periods (T).  

Table 7.22. Catchment    values (in mm) for pre- and post-wildfire conditions, for all return periods.  

Catchment Pre-wildfire    
Post-wildfire     in respect to soil burn severity 

             Low                         Moderate                         High 

Western 18.39 14.92 11.95 9.39 
Central 13.08 10.89 8.02 5.96 
Eastern 16.24 13.08 10.37 8.02 

 



74 
 

Table 7.23. Results for parameter C for all catchments in respect to pre- and post-wildfire condition, SBS and return periods 
(T).  

        

 

  

Low Moderate High

2 0.3017 0.3720 0.4493 0.5340

5 0.3949 0.4683 0.5461 0.6277

10 0.4520 0.5257 0.6019 0.6797

25 0.5178 0.5902 0.6628 0.7347

50 0.5598 0.6304 0.6999 0.7673

100 0.6012 0.6693 0.7351 0.7975

200 0.6382 0.7034 0.7653 0.8230

500 0.6805 0.7417 0.7986 0.8504

Catchment W

Post-wildfire in respect 

to soil burn severity
T

C

Pre-wildfire         

Low Moderate High

2 0.3431 0.4175 0.4992 0.5884

5 0.4384 0.5145 0.5946 0.6781

10 0.4959 0.5712 0.6484 0.7266

25 0.5612 0.6338 0.7061 0.7769

50 0.6022 0.6723 0.7407 0.8061

100 0.6423 0.7091 0.7730 0.8329

200 0.6777 0.7410 0.8005 0.8551

500 0.7177 0.7764 0.8304 0.8787

Catchment E

C

T
Pre-wildfire         

Post-wildfire in respect 

to soil burn severity

Low Moderate High

2 0.4175 0.4823 0.5884 0.6848

5 0.5145 0.5783 0.6781 0.7633

10 0.5712 0.6328 0.7266 0.8037

25 0.6338 0.6918 0.7769 0.8441

50 0.6723 0.7272 0.8061 0.8668

100 0.7091 0.7605 0.8329 0.8871

200 0.7410 0.7890 0.8551 0.9035

500 0.7764 0.8200 0.8787 0.9206

Catchment C

C

Pre-wildfire         
T

Post-wildfire in respect 

to soil burn severity



75 
 

Calculation of flow-rates (Qp) 

Finally, Equation 1 was applied to calculate flow-rates at catchment outlet depending on pre- 

and post-wildfire condition, Soil Burn Severity (SBS) and return period (T). Results were summarized in 

Table 7.24.  

Table 7.24 Results for peak flow-rates (Qp) for all catchments in respect to pre- and post-wildfire condition, SBS and return 
period. 

     

 

 

  

Low Moderate High

2 0.78               0.97    1.17          1.39    

5 1.35               1.61    1.87          2.15    

10 1.82               2.12    2.43          2.74    

25 2.52               2.87    3.22          3.57    

50 3.07               3.46    3.84          4.21    

100 3.73               4.15    4.56          4.94    

200 4.42               4.87    5.30          5.70    

500 5.39               5.87    6.33          6.74    

Catchment W

Pre-wildfire         

Post-wildfire in respect to 

soil burn severity
T

Qp (m3/s)

Low Moderate High

2 1.55               1.88    2.25          2.65    

5 2.60               3.06    3.53          4.03    

10 3.47               3.99    4.54          5.08    

25 4.73               5.34    5.95          6.55    

50 5.73               6.40    7.05          7.67    

100 6.90               7.62    8.30          8.95    

200 8.14               8.90    9.62          10.27 

500 9.85               10.66 11.40        12.06 

Post-wildfire in respect to 

soil burn severity

Qp (m3/s)

Pre-wildfire         
T

Catchment E

Low Moderate High

2 1.70               1.96    2.40          2.79    

5 2.76               3.10    3.64          4.09    

10 3.61               4.00    4.59          5.08    

25 4.83               5.27    5.91          6.43    

50 5.77               6.25    6.92          7.44    

100 6.88               7.38    8.08          8.60    

200 8.04               8.56    9.28          9.80    

500 9.63               10.17 10.89        11.41 

Qp (m3/s)

Catchment C

T
Post-wildfire in respect to 

soil burn severityPre-wildfire         
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7.2 Discussion 
In this section, the differences between CNs, runoff and flow-rates, were analyzed for all 

catchments: firstly, on their absolute values and, secondly, on the relative increase of runoff and flow-

rates in post-wildfire events. Throughout this process, recommendations on post-wildfire response and 

rehabilitation actions arose.  

7.2.1 CNs  

In this section, only the absolute differences between CNs were analyzed, since the change of CNs 

to post-wildfire events was arithmetic. However, important recommendations on post-wildfire response 

and rehabilitation actions arose due to the relationship between CNs, surface runoff and erosion 

potentials.  

Pre-wildfire CNs 

The CN method determined pre-wildfire CNs through geology, vegetation and slope data. 

Through this analysis, important recommendations on post-wildfire response and rehabilitation actions 

arose.  

As it can be observed from the Figure 7.18. Pre-wildfire CNs. In pink, bush vegetation.Figure 7.18, 

pre-wildfire CNs ranged from 25 to 84. It is evident that the smallest CNs were found in areas with more 

permeable Hydrologic Soil Groups (HSG, A or B), bush or pinyon-juniper Cover Types with good 

Hydrologic Condition, and lowest slopes, while the highest CNs were found in areas with less permeable 

HSGs (C or D), pinyon-juniper Cover Type with fair Hydrologic Condition and highest slopes. More 

specifically:  

 The lowest CNs in each catchment were:  

o Western catchment (36): HSG B, Bush (Sage-grass Cover Type) with good Hydrologic 

Condition, and a slope of approximately 7 %. 

o Central catchment (25): HSG A, Maritime pine vegetation (Pinyon-Juniper Cover Type) with 

good Hydrologic Condition, and a slope of approximately 1 %.  

o Eastern catchment (36): HSG B, Dense stone pine (Pinyon-Juniper Cover Type) with good 

Hydrologic Condition, and a slope of approximately 1 %.  

 The highest CN in each catchment were:  

o Western catchment (75): HSG C, Not-so-dense stone pine vegetation with ridges (Pinyon-

Juniper Cover Type) with fair Hydrologic Condition, and a slope range of approximately 22 to 

60 %. 

o Central catchment (84): HSG D, Not-so-dense stone pine vegetation (Pinyon-Juniper Cover 

Type) with fair Hydrologic Condition, and a slope range of approximately 27 to 65 %.  

o Eastern catchment (67): HSG C, Dense stone pine vegetation (Pinyon-Juniper Cover Type) 

with good Hydrologic Condition, and a slope range of approximately 30 to 97 %. 

Additionally, various important observations were made from Figure 7.18. Firstly, the HSGs had 

a high influence in CNs, as the limits between them were clear. Secondly, the slopes, even though they 

have had a great influence in the increase of CNs by an average of six units, the variations within a Soil-
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Cover Complex (SCC) are not so visually apparent. Lastly, it is interesting how the CN method 

appreciates cover type: it acknowledges that cover-types with smaller height, such as bushes, are more 

efficient towards runoff. This was observed from the bush of the Western catchment (in pink), was 

found located between two different HSGs which were also shared by wood covers, where the bush 

cover was found to have a smaller CN value (greener) than the wood covers present in all catchments. 

The main reason behind this is the Hydrologic Condition: since a bush covers a larger area of the ground-

surface, compared to a tree, it has a higher potential influence on surface runoff movement, decreasing 

its velocity, promoting infiltration and hence reducing surface runoff.  

 

Figure 7.18. Pre-wildfire CNs. In pink, bush vegetation.  

In terms of average catchment CNs, the Western catchment, with a CN of 58, was the “greenest” 

of all catchments (had the largest area of low CNs). The Central catchment however, had the highest CN 

(66), due to the low-permeability HSGs (C and D) in a significant proportion of the catchment area (in 

orange-red), as well as a poorer protection by the not-so-dense stone pine and its fair Hydrologic 

Condition in a large proportion of the catchment area. Between these two extremes, the Eastern 

catchment, with a CN value of 61, reflects the high degree of protection by the dense stone pine and its 

good Hydrologic Condition, as well as the medium-permeability HSGs.   
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Post-wildfire CNs 

The CN method calculated post-wildfire CNs through the arithmetic increase of pre-wildfire CNs 

depending on Soil Burn Severity (SBS): Low SBS (pre-wildfire CN +5), Moderate SBS (pre-wildfire CN +10) 

and High SBS (pre-wildfire CN +15). The SBS makes reference to post-wildfire vegetation: the degree of 

vegetation and ground-cover consumed, along with root charring, and soil structure damage. In this 

project, the post-wildfire CNs were calculated for all of the SBSs.  

This method of calculation made post-wildfire CN variations respectively constant between SBSs. 

In Figure 7.19, these were visually represented. In terms of the variations between average pre- and 

post-wildfire catchment CNs, represented in Table 7.25, the variations are also constant except for the 

Central catchment, where it increased 4 units to Low SBS rather than 5. It is evident that the higher SBS, 

the higher CNs.  

 

 

Figure 7.19. Post wildfire CNs. LSBS, MSBS and HSBS are Low, Moderate and High Soil Burn Severity.  

 

 

Post-wildfire 

MSBS 

Post-wildfire 

LSBS 

Post-wildfire 

HSBS 

W 

C 

E 

W 

C 

E 

W 

C 

E 



79 
 

Table 7.25 Average Catchment pre- and post-wildfire CNs, this last one depending to soil burn severity, where LSBS, MSBS 
and HSBS are Low, Moderate and High Soil Burn Severity respectively.  

Catchment 
Pre-wildfire 

 CNs 
Post-wildfire CNs 

LSBS       MSBS      HSBS 

W 58 63 68 73 
C 66 70 76 81 
E 61 66 71 76 

 

Finally, it is relevant to mention the post-wildfire priority areas and emergency actions. Firstly, 

the priority areas were the areas of highest CNs (characterized by C and D HSGs) found in the Central 

catchment. Secondly, reforestations are recommended due to the terrain of the area: as it was 

discussed previously, the catchments have a large area with a slope above 30 % which, according to the 

Land Capability Classification, agricultural uses are not recommended while forest uses are, or are 

acceptable. Thirdly, the wider variety of Cover Types found in the Western catchment helped to identify 

the greater protection that the bush cover offered compared to the tree covers. In conclusion, the CN 

method has intuitively aided in the identification of priority areas and suitable long-term reforestation 

Cover Types. 
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7.2.2 Surface runoff 

Surface runoff data was calculated not only for pre- and post-wildfire conditions and Soil Burn 

Severity (SBS), but also for rain events of different return periods (T=2, 5, 10, 25, 50, 100, 200, 500 years). 

It is evident that the higher SBS, the higher runoff values, for a certain return period. The precipitation 

data, obtained from the “Maximum daily precipitation of the Spanish Peninsula” guide by the Ministry 

of Development, had a strong influence in surface runoff values, as represented in Figure 7.20: runoff 

values increased with return period (rain event), with a square root tendency. Finally, the absolute 

differences between higher SBSs (pre-wildfire and post-wildfire Low SBS, post-wildfire Low SBS and 

post-wildfire moderate SBS, and post-wildfire moderate SBS and post-wildfire high SBS) for a certain 

return period, increases with return period.   

 

Figure 7.20. Catchment Surface Runoff (Q) values in respect to pre- and post-wildfire condition, SBSs and return periods (T).  

 Between catchments, absolute runoff catchment values followed the same order of magnitude 

as CN values. 

1. The Central catchment had the highest values: from 7.63 mm in pre-wildfire condition and 

precipitation of a return period of 2 years, to 131.70 mm in post-wildfire high SBS and 

precipitation of a return period of 500 years.  

2. Eastern catchment had the medium values: from 4.49 mm in pre-wildfire condition and 

precipitation of a return period of 2 years, to 117.39 mm in post-wildfire high SBS and 

precipitation of a return period of 500 years. 
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3. Western catchment had the lowest values: from 3.00 mm in pre-wildfire condition and 

precipitation of a return period of 2 years, to 108.93 mm in post-wildfire high SBS and 

precipitation of a return period of 500 years.  

Additionally, the runoff produced for a rain event of a certain return period in a pre-wildfire 

condition was equivalent to the runoff produced in a post-wildfire condition but for a smaller return 

period. As examples:  

 In the Western catchment:  

o A rain event with a return period of 5 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 2 years in post-wildfire moderate SBS event, 

producing 9 mm of surface runoff.  

o A rain event with a return period of 10 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 2 years in post-wildfire high SBS event, producing 14 

mm of surface runoff. 

o A rain event with a return period of 50 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 25 years in post-wildfire low SBS event, producing 32-

31 mm of surface runoff. 

o A rain event with a return period of 100 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 50 years in post-wildfire low SBS event and a rain 

event with a return period of 25 years in post-wildfire moderate SBS event, producing 

40-41 mm of surface runoff. 

o A rain event with a return period of 200 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 100 years in post-wildfire low SBS event, producing 52 

mm of surface runoff. 

 In the Central catchment:  

o A rain event with a return period of 5 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 2 years in post-wildfire moderate SBS event, 

producing 16-17 mm of surface runoff.  

o A rain event with a return period of 10 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 2 years in post-wildfire high SBS event, producing 23-

24 mm of surface runoff. 

o A rain event with a return period of 50 years in pre-wildfire condition is approximately 

equivalent to a rain event with a return period of 25 years in post-wildfire low SBS event, 

which produces 43-46 mm of surface runoff. 

 In the Eastern catchment:  

o A rain event with a return period of 5 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 2 years in post-wildfire moderate SBS event, 

producing 11-12 mm of surface runoff.  

o A rain event with a return period of 10 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 2 years in post-wildfire high SBS event, producing 17-

18 mm of surface runoff. 
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o A rain event with a return period of 50 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 25 years in post-wildfire low SBS event, producing 36-

37 mm of surface runoff.  

o A rain event with a return period of 100 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 50 years in post-wildfire low SBS event and a rain 

event with a return period of 25 years in post-wildfire moderate SBS event, producing 

47-45 mm of surface runoff. 

o A rain event with a return period of 200 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 100 years in post-wildfire low SBS event, producing 

58-59 mm of surface runoff. 

Therefore, in general, it can be said that for a: 

 Rain event with a return period of 5 years in pre-wildfire condition is equivalent to a rain event 

with a return period of 2 years in post-wildfire moderate SBS event.  

 Rain event with a return period of 10 years in pre-wildfire condition is equivalent to a rain event 

with a return period of 2 years in post-wildfire high SBS event. 

 Rain event with a return period of 50 years in pre-wildfire condition is approximately equivalent 

to a rain event with a return period of 25 years in post-wildfire low SBS event.  

 Rain event with a return period of 100 years in pre-wildfire condition is equivalent to a rain 

event with a return period of 50 years in post-wildfire low SBS event and to a rain event with a 

return period of 25 years in post-wildfire moderate SBS event.  

 Rain event with a return period of 200 years in pre-wildfire condition is approximately 

equivalent to a rain event with a return period of 100 years in post-wildfire low SBS event.  

However, relatively, catchments with higher absolute surface runoff variations had the 

smallest relative change for post-wildfire events (and SBSs), and viceversa (see Figure 7.21):  

1. Western catchment had the largest increase: from 19 % in post-wildfire low SBS and 

precipitation of a return period of 500 years, to 351 % in post-wildfire high SBS and 

precipitation of a return period of 2 years, which is the largest surface runoff increase between 

catchments.  

2. Eastern catchment had the medium increase: from 18 % in post-wildfire low SBS and 

precipitation of a return period of 500 years, to 271 % in post-wildfire high SBS and precipitation 

of a return period of 2 years. 

3. The Central catchment had the smallest increase: from 12 % in post-wildfire low SBS and 

precipitation of a return period of 500 years, which is the smallest surface runoff increase 

between catchments, to 198 % in post-wildfire high SBS and precipitation of a return period of 2 

years.  

This analysis helped to observe that the influence of a wildfire is more notable in catchments 

with lower CN values and less notable in catchments with higher CN. The reason behind this relies on 

the high runoff absolute values which, as they increase in post-wildfire events, the relative increase is 



83 
 

smaller and hence, for low runoff absolute values, the increase is greater. Additionally, the relative 

increase of surface runoff greatly varied depending on SBS and return period, so no pattern was 

observed between catchments for the relative increase of surface runoff. Finally, the absolute 

differences between higher SBSs (pre-wildfire and post-wildfire Low SBS, post-wildfire Low SBS and 

post-wildfire moderate SBS, and post-wildfire moderate SBS and post-wildfire high SBS) for a certain 

return period, decreases with return period.   

     

 

Figure 7.21. Post-wildfire runoff (Q) relative increase depending on return period (T).  
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7.2.3 Flow-rates 

Flow-rates at outlet (Qp) data was calculated not only for the pre- and post-wildfire condition and 

Soil Burn Severity (SBS), but also for rain events of different return periods (T). The Figure 7.22 shows 

that the tendency between flow-rates and return periods is the same as surface runoff:  

 The flow-rate values increase with a square root tendency.  

 The higher SBS, the higher flow-rate values. 

 The absolute differences between higher SBSs (pre-wildfire and post-wildfire Low SBS, post-

wildfire Low SBS and post-wildfire moderate SBS, and post-wildfire moderate SBS and post-

wildfire high SBS) for a certain return period, increases with return period.   

       

 

Figure 7.22. Catchment flow-rates (Qp) values in respect to pre- and post-wildfire condition, SBS and return periods (T).  

Additionally, between catchments, absolute flow-rate catchment values did not follow the 

same order of magnitude as CN and runoff values. The Western catchment had the lowest values: from 

0.78 m3/s in pre-wildfire condition and precipitation of a return period of 2 years, to 6.74 m3/s in post-

wildfire high SBS and precipitation of a return period of 500 years. However, the Central and Eastern 

catchments had:  

 The Central catchment had the highest minimum value (1.70 m3/s in pre-wildfire condition and 

precipitation of a return period of 2 years), while the maximum value (11.41 m3/s in post-
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wildfire high SBS and precipitation of a return period of 500 years) was the medium value 

between catchments.  

 Eastern catchment had the highest maximum value (12.06 m3/s in post-wildfire high SBS and 

precipitation of a return period of 500 years.), while the minimum value (1.55 m3/s in pre-

wildfire condition and precipitation of a return period of 2 years) was the medium value 

between catchments. 

This was due to the greater area of the Eastern catchments. As it can observed from Table 7.26, 

all of the parameters used to calculate flow-rate (A, I, Kt and C) from catchment C were greater than 

catchment E´s with the exception of the area (A). Consequently, catchment C´s flow-rates were greater 

than catchment E´s until a return period of 10 years (T=10) for post-wildfire and 50 years for pre-wildfire 

(T=50). This demonstrates the influence of the parameter area in the calculation of flow-rates.  

Table 7.26. Comparison of Runoff parameters of catchments C and E 

 

 

Additionally, like surface-runoff, the flow-rates produced for a rain event of a certain return 

period in a pre-wildfire condition were equivalent to flow-rates produced in a post-wildfire condition 

but for a smaller return period. As examples:  

 In the Western catchment:  

o A rain event with a return period of 5 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 2 years in post-wildfire high SBS event, producing a 

flow-rate of 1.4 m3/s.  
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o A rain event with a return period of 10 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 5 years in post-wildfire moderate SBS event, 

producing a flow-rate of 1.8-1.9 m3/s.  

o A rain event with a return period of 50 years in pre-wildfire condition is approximately 

equivalent to a rain event with a return period of 25 years in post-wildfire low SBS event, 

producing a flow-rate of 2.9-3.1 m3/s. 

o A rain event with a return period of 100 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 50 years in post-wildfire moderate SBS event and to a 

rain event with a return period of 25 years in post-wildfire high SBS event, producing a 

flow-rate of 3.8-3.6 m3/s. 

o A rain event with a return period of 500 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 200 years in post-wildfire moderate SBS event, 

producing a flow-rate of 5.3-5.4 m3/s. 

 In the Central catchment:  

o A rain event with a return period of 5 years in pre-wildfire condition and a rain event 

with a return period of 2 years in post-wildfire high SBS event produce a flow-rate of 2.8 

m3/s.  

o A rain event with a return period of 10 years in pre-wildfire condition and a rain event 

with a return period of 5 years in post-wildfire moderate SBS event produce a flow-rate 

of 3.6 m3/s. 

o A rain event with a return period of 10 years in pre-wildfire condition is approximately 

equivalent to a rain event with a return period of 5 years in post-wildfire low SBS event, 

producing a flow-rate of 3.1-3.6 m3/s. 

o A rain event with a return period of 50 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 25 years in post-wildfire moderate SBS event, 

producing a flow-rate of 5.8-5.9 m3/s. 

o A rain event with a return period of 100 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 50 years in post-wildfire moderate SBS event, 

producing a flow-rate of 6.9 m3/s. 

 In the Eastern catchment:  

o A rain event with a return period of 5 years in pre-wildfire condition and a rain event 

with a return period of 2 years in post-wildfire high SBS event produce a flow-rate of 

2.6-2.7 m3/s.  

o A rain event with a return period of 10 years in pre-wildfire condition and a rain event 

with a return period of 5 years in post-wildfire moderate SBS event produce a flow-rate 

of 3.5 m3/s. 

o A rain event with a return period of 10 years in pre-wildfire condition is approximately 

equivalent to a rain event with a return period of 5 years in post-wildfire low SBS event, 

producing a flow-rate of 3.1-3.5 m3/s. 

o A rain event with a return period of 100 years in pre-wildfire condition is equivalent to a 

rain event with a return period of 50 years in post-wildfire moderate SBS event, 

producing a flow-rate of 6.9-7.0 m3/s. 



87 
 

Therefore, in general, it can be said that for a: 

 Rain event with a return period of 5 years in pre-wildfire condition is equivalent to a rain event 

with a return period of 2 years in post-wildfire high SBS event.  

 Rain event with a return period of 10 years in pre-wildfire condition is equivalent to a rain event 

with a return period of 2 years in post-wildfire moderate SBS event. 

 Rain event with a return period of 10 years in pre-wildfire condition is approximately equivalent 

to a rain event with a return period of 5 years in post-wildfire low SBS event.  

 Rain event with a return period of 100 years in pre-wildfire condition is equivalent to a rain 

event with a return period of 50 years in post-wildfire moderate SBS event. 

However, relatively, flow-rate post-wildfire increase did follow the same order of magnitude as 

relative surface runoff values (see Figure 7.23), also reflecting that influence of a wildfire is more 

notable in catchments with lower CN values and less notable in catchments with higher CN, as the 

catchments with higher absolute flow-rates had the smallest relative change for post-wildfire events 

(and SBSs) and viceversa: 

1. Western catchment had the largest increase: from 9 % in post-wildfire low SBS and 

precipitation of a return period of 500 years, to 77 % in post-wildfire high SBS and precipitation 

of a return period of 2 years, which is the largest flow-rate increase between catchments. 

2. Eastern catchment had the medium increase: from 8 % in post-wildfire low SBS and 

precipitation of a return period of 500 years, to 72 % in post-wildfire high SBS and precipitation 

of a return period of 2 years. 

3. The Central catchment had the smallest increase: from 6 % in post-wildfire low SBS and 

precipitation of a return period of 500 years, which is the smallest surface runoff increase 

between catchments, to 64 % in post-wildfire high SBS and precipitation of a return period of 2 

years. 

Additionally, like surface runoff, the relative increase of flow-rates greatly varied depending on 

SBS and return period, so no pattern was observed between catchments for the relative increase of 

surface runoff. Finally, the absolute differences between higher SBSs (pre-wildfire and post-wildfire Low 

SBS, post-wildfire Low SBS and post-wildfire moderate SBS, and post-wildfire moderate SBS and post-

wildfire high SBS) for a certain return period, decreases with return period.   
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Figure 7.23. Post-wildfire flow-rates (Qp) relative increase depending on return period (T). 
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8 Conclusion 

8.1 Results 
In Table 8.1, the magnitudes of CNs, surface runoff and flow-rates have been summarized, 

where H, L and M correspond to Highest, Lowest and Middle values between catchments, respectively, 

and x undetermined. This table represents the dynamics of the changes in hydrologic variables due to 

wildfires observed on the three studied catchments:  

 In terms of absolute changes, for greater Curve Numbers (CNs), greater runoff and, for greater 

catchment area, greater flow-rates, and these changes depend on Soil Burn Severity (SBS) in a 

way that cannot be generalized.  

 However, in terms of relative changes,  

o This relationship is reversed: greater changes are observed in those catchments with 

lower CNs and for smaller precipitation return periods. This emphasizes the importance 

of the re-dimensioning of road cross-drainages especially in catchments with lower CNs, 

since it is more likely for those cross-drainages to be unsuitable to absorb those great 

changes in flow-rates after a wildfire.  

o Additionally, it also points out the necessity to act on catchments in the first few years 

after the wildfire, since the greatest relative change was observed in precipitation 

events with smaller time periods.  

Table 8.1. Summarized magnitudes of absolute and relative CN, runoff and flow-rate values. 

Catchment CN Runoff Flow-rate 

ABSOLUTE 
(all wildfire conditions) 

W L L L 

C H H x 

E M M x 

RELATIVE  
(pre- to post-wildfire conditions) 

W  H H 

C  L L 

E  M M 

 

 

 

 



90 
 

8.2 Methodology  
 The runoff increase in relation to SBS cannot be extrapolated, since this variable is closely 

related to the Cover Type (CT: soil cover, vegetation) and Hydrologic Soil Groups (HSG: soil 

permeability) and every catchment has its own.  

 However, the CN method has proven its usefulness: 

o Relating the catchment context (vegetation, soil, topography and treatments), the 

effects of wildfires on a catchment, and the precipitation for the calculation of 

hydrologic variables.  

o Observing the effects of Hydrologic Condition (HC: groundcover), CTs, HSGs and, 

optionally, slope and soil treatments, on the generation of surface runoff.  

 Additionally, since the CN methodology has been commonly applied by engineers, this method 

could be more easily adopted by Spanish engineers compared to other methods.  

 All the methods applied in this project are available at national scale, so it could serve as a guide 

for the whole country.  

 

 This way, this project could aid Spain to prepare for Climate Change through the calculation of:  

o Runoff and erosion, identifying priority areas to act and more efficient CT for their 

control, consequently tackling topics such as water and soil conservation and 

desertification 

o Flow rates: calculating flooding risks of road cross-drainage, consequently being able to 

act accordingly to ensure the safety of people and health of transport infrastructure.  

 

9 Future studies 
Most importantly, future studies should focus on the validation of the post-wildfire runoff and 

flow-rate results calculated in this project with empirical-mathematical methods. Additionally, future 

studies could improve results by:  

1. In the application of soil burn severity maps to, rather than supposing that the whole catchment 

has been influenced by the wildfire in the same degree, use Geographical Information Software 

to tailor CNs. This will consequently result in more appropriate runoff and flow-rate results.  

2. To take whole-profile soil samples to: 

 Verify the Hydrologic Soil Groups assigned to geology,  

 Observe the changes in the soil caused by the wildfire,  

 Analyze the influence of wildfires in the root biomass, depending on soil cover.  

3. To apply precipitation information of the different scenarios predicted for Climate Change.  
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Photographic Report I – Studied catchments 

Western catchment 

 

Western catchment 

 

 

Stone pine ridges 
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Bush 

 

 

Eucalyptus  
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Maritime pine and Eucalyptus 

 

Central catchment 

 

Catchment photograph 

To the upper left side, the anthropogenic materials can easily be identified. 
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Maritime pine 

 

 

Stone pine 
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Eastern catchment 

It is important to mention that actions against erosion had already been taken during the field visit, such 

as bundle sticks and containment barriers. These were not acknowledged in this project.  

 

Eastern catchment: representative pine in yellow and observed bundle sticks.  

 

 

Containment barriers 
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Photographic Report II – Similar vegetation areas 

Coordinates in Geographic system ETRS89 UTM Huse 29N.  

CODE: 1 
Vegetation Coordinate X Coordinate Y 

Coordinate Z  
(m.a.s.l) 

Maritime pine 714,170 4,180,820 486 

Global Understory Soil cover 

   
Vegetation cover description:  

 Canopy or dominant vegetation cover of 40 %, average 10 m high.  

 Understory canopy or sub-dominant vegetation cover of 80 %, 1.5 m high, formed by heaths and 
strawberry trees.  

 Soil cover covering 95% of the surface, composed by pine needles.  
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CODE: 2 

Vegetation  Coordinate X Coordinate Y 
Coordinate Z  

(m.a.s.l) 

Maritime pine & 
Eucalyptus 

714,126 4,180,840 489 

Global  Understory Soil cover 

   

Vegetation cover description:  

 Canopy or dominant vegetation cover of 30 %, average 10 m high.  

 Understory canopy or sub-dominant vegetation cover of 40 %, 1.5 m high, formed by heaths, 
strawberry trees and other bush species.  

 Soil cover covering 80% of the surface, composed by bush litter.  
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CODE: 3 
Vegetation  Coordinate X Coordinate Y 

Coordinate Z  
(m.a.s.l) 

Eucalyptus 714,074 4,180,860 461 

Global Understory Soil cover 

   

Vegetation cover description:  

 Canopy or dominant vegetation cover of 20 %, average 8 m high.  

 Understory canopy or sub-dominant vegetation cover of 30 %, 1.5 m high, formed by heaths and 
rockroses.   

 Soil cover covering 60% of the surface, composed by vegetation litter and moss.  
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CODE: 4 
Vegetation  Coordinate X Coordinate Y 

Coordinate Z  
(m.a.s.l) 

Bush 714,003 4,180,860 444 

Global Soil cover 

   

Vegetation cover description:  

 Canopy or dominant vegetation cover of 80 %, average 1.2 m high, formed by rockroses, heaths, 
lavender and other.  

 Soil cover covering 100% of the surface, composed by bush litter as well as grass.   
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CODE: 5 

Vegetation Coordinate X Coordinate Y 
Coordinate Z  

(m.a.s.l) 

Not-so-dense                
stone pine 

719,248 4,178,720 481 

Global Soil cover 

  

Vegetation cover description:  

 Canopy or dominant vegetation cover of 50 %, average 10-12 m high.  

 Understory canopy or sub-dominant vegetation cover of 70 %, 1.2 m high, formed by gum 
rockrose and gorse.  

 Soil cover covering 50% of the surface, composed by pine needles and some moss.  
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CODE: 6 
Vegetation Coordinate X Coordinate Y 

Coordinate Z  
(m.a.s.l) 

Dense stone pine 718,786 4,178,650 595 

Global Understory Soil cover 

   

Vegetation cover description:  

 Canopy or dominant vegetation cover of 80 %, average 11 m high.  

 Understory canopy or sub-dominant vegetation cover of 90 %, 1.5-2 m high, formed by heaths.  

 Soil cover covering 70% of the surface, composed by pine needles.  
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ANNEX B – Original CN method tables 
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Agriculture table
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Forest table 
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Specific technical conditions of the project 

 Even though the CN method could be carried out without field-work, the TRAGSA company gave 

me the chance to go to the field for three days in December, after the wildfires of the area, 

accompanied by TRAGSA employees Luis Ocaña and David González, among others, which also 

collaborated in the data collection process.  

 Since field-work is not necessary in the CN method, the data collected was reckoned to be most 

important in order to increase reliability of parameters (cover types and hydrologic condition) and hence 

CNs and surface runoff results.  

 The CN method was studied in the 2nd-year course “Water Resources and Watershed 

Management” of the Natural Environmental Engineering Bachelor Degree, which was very useful for this 

project, specifically in the assignation of pre-wildfire CNs and the calculation of flow rates.  

Most importantly, for the adaptations of the CN values mentioned in this project, my tutor, Ms. 

Margarita Roldán, was indispensible in the understanding of the CN method in depth.  

 Also, for the calculation of flow-rates through the new Spanish norm on cross-drainage, a 

teacher from the course previously mentioned, Mr. José Carlos Robredo Sánchez, was indispensible for 

understanding several steps that were not so easy to choose from, since many other steps had also been 

studied in class and therefore the course teachings were applied.  

 To finalize, Ms. Roldán collected several useful articles and reports on the CN methodology and 

the effects of wildfires. However, I found some difficulties since some processes learnt in the course 

were no longer used. Consequently, this project helped me to update my knowledge on this method.  

 To conclude, this project was in English in order to increase visibility of the topic and its inclusion 

in the European EPyRIS project. Ms. Roldán aided in the translation of several technical words from 

Spanish to English, since these words are not so easily known by a Spanish speaker and translations can 

give rise to misinterpretations. To avoid this issue, it was also found necessary to include a vocabulary 

list.  
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Phases for project realization 

 The project is composed by the following 5 phases, which will be explained in the following 

section.  

1. Project introduction  

2. Investigation of topic  

3. Data collection  

4. Applying methodologies 

5. Project drafts.   

 

Description of tasks carried out 

 The realization of this project, took 8 months to complete and 10 meetings with the tutor (Ms. 

Roldán), 3 with Mr. Robredo and 1 with Mr. Gómez.    

1. Project introduction: Choosing of project topic between TRAGSA EPyRIS representatives (Álvaro 

Carrillo and Luis Ocaña), Ms. Roldán and myself, clarifying objectives and scope.  

2. Investigation of topic: Initial investigation of the topic in order to fully understand the CN 

method, collection of available information on studied sites and prioritizing the data to be 

collected during the site visits.  

3. Data collection: Collection of prioritized data in site visits. The costs associated to the site visits 

were paid by TRAGSA. 

4. Applying methodologies: Geology to HSG (Gómez-Sanz, Ecorial García and Roldán Soriano), CN 

method (USDA), Daily maximum precipitation of the Spanish Peninsula (Ministry of 

Development), Order FOM/298/2016 of February 15th about superficial drainage. 

 Meetings with Ms. Roldán, Mr. Robredo and Mr. Gómez for method clarification or 

issues.  

 Interpretation of available information on studied sites to apply the different 

methodologies.  

 Calculation of variables: CNs, precipitation, runoff and flow-rates.  

5. Project drafts:  

 Three drafts were given to project tutor (Ms. Rldán) and feedback was incorporated. 

 Final version: final review and finalization.  
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Chronogram 

 The project was begun in July 2018 and was finalized in June 2019. The tasks mentioned in the previous section where carried out in the 

weeks and months represented in the chronogram below (Figure C.1).  

 

Figure C. 1. Project chronogram 
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Project costs 

 Project costs, which include VAT, can be divided into two:  

 Site visits: which include transport, food and lodging for three people and two days, and two 

TRAGSA employees. Covered by Tragsa.  

 Project elaboration: computer and electricity (total of 300 hours), printing, binding, CD.  

 

These costs have been represented in Table C.1. 

 

Unit description 
Unit 

price (€) 
Unit 

number 
Total 

cost (€) 

Site visit  
Includes:  

 Transport 

 Car rent  

 Car fuel  
 

 Food and lodging (per day):  

 Food  

 Lodging  
 

 Two TRAGSA field workers, per workday (8 hours/day) 

 
 
 

180 
180 

 
 

55 
150 

 
285 

 
 
 

1 
1 
 
 

3 
3 

 
2 

 
 
 

180 
180 

 
 

165 
450 

 
570 

Project elaboration  
Includes computer and electricity, color printing, binding 
and CD.  

250 1 250 

TOTAL (€) 1,795 
 

Table C. 1. Project costs 

 

The total project cost is 1,795 € (one thousand seven hundred and ninety five euros).  
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