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Executive  summary   

This deliverable describes the monitoring protocol of C1 action: scrubland clearing 

carried out in La Rioja and Aragón. 

The first section is a short introduction to the deliverable, with a briefly description of the 

pilot experiments and the main objectives of this deliverable. The second section 

presents the design of the monitoring network including a description of the monitoring 

program/design carried out in La Rioja and Aragón. The third section presents the 

monitoring variables and all the protocols established to realize the environmental 

monitoring of the C1 action (scrubland clearing), including a table with a summary of all 

the measured variables, methods and timing. 

This deliverable explains the monitoring protocol that will be carried out during the entire 

LIFE MIDMACC project related to action C1, fundamental in the project. The main 

objective of these protocols is to evaluate the effects of scrubland clearing and livestock 

management in different environmental variables. We have described in detailed all the 

environmental variables that are going to be measured, with different methodologies, 

timings, and protocols: (i) soil properties (soil analysis and soil moisture), (ii) pasture 

variables (biodiversity, production and quality), (iii) hydrogeomorphological response 

(runoff, infiltration rates, sediments, times to response), and (iv) site meteorological 

conditions (air moisture and temperature, rainfall).  
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1. Introduction  

The main objective of LIFE MIDMACC is to promote the adaptation of marginal mid-
mountain areas of Mediterranean environments to climate change, through the 
implementation and testing of different landscape management measures, while 
improving their socioeconomic development. 

The first landscape management measure to be implemented is scrubland clearing, 
based on the elimination of scrubland in an area to stimulate pasture regeneration, 
extensive livestock farming and fire risk reduction. 

After the implementation of pilot experiences carried out in 2019-2020, monitoring tasks 
have started during spring and summer 2020. It should be highlighted that even 
scrubland clearing has been carried out periodically in some mountain areas since the 
end of the 1980s, there is no overall experimentation framework to assess the 
environmental and socioeconomic effects of this measure, and only few studies have 
evaluated some of these effects recently (Lasanta et al., 2016, 2018, 2019). Thus, it is 
necessary to establish well-controlled experiments to explore all the environmental 
implications of the scrubland clearing measure. 

The main objective of this report is to describe the monitoring protocol of action C1. 
related to the implementation of extensive livestock farming measures in scrubland 
areas, implemented in San Román de Cameros (calcareous) and Ajamil de Cameros 
(siliceous) in La Rioja, and La Garcipollera Research Station (calcareous) in Aragón. 
First of all, we will briefly describe the design of the monitoring network, and then we will 
present the monitoring variables and different protocols used. 
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2. Design  of  the  monitoring  network  

The monitoring network includes a protocol for monitoring and the installation of 
monitoring plots. A set of variables will be periodically measured to assess the evolution 
of pilot experiences, in comparison with plots without landscape intervention (control 
plots). The monitoring design, and the variables measured will be explained in the next 
sections. 

2.1. Monitoring design in Aragon  

The pilot experience has been implemented in La Garcipollera Research Station (Central 
Pyrenees, Huesca, Spain). This experimental farm is dedicated to the study of mountain 
agriculture and livestock. It has about 14 hectares of meadow, and all kinds of livestock 
facilities, as well as two experimental herds, one of about 200 heads (cows) and the 
second one about 300 sheep.   

As mentioned in Deliverable 6, the clearing activities were carried out at the end 2019 
and at the beginning of 2020 at ñLa Garcipolleraò Research Station. Two areas of 3.3 ha 
and 0.24 ha have been cleared, but only one has been selected to carry out the 
monitoring program (Figure 1), due to the better accessibility and facilities provided by 
La Garcipollera Research Station. The study area is public and the Government of 
Aragón allows us the experimentation in the different cleared areas. Animals are 
provided by La Garcipollera Research Station. 

Among the cleared areas, one was selected in calcareous soils to create 12 sub-plots 
(100 m2) for the monitoring experiments with different livestock loads (3 replicates for 
each load): no livestock, low, medium and high load. In addition, one plot with no 
intervention has been selected close to the managed area to monitor the site evolution 
with no actuation (control plot) (Figure 1).  
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Figure 1. Location of the control and experimental plots (up) and diagram of the livestock and 
monitoring subplots (down) 

Figure 1 shows the control plot and the twelve subplots defined for the monitoring 
experiments, and a diagram of the livestock and monitoring subplots, together with the 
location of the different measurement equipment. 

2.2. Monitoring design in La Rioja 

The pilot experience has been implemented in the Leza river basin (La Rioja). Two study 
areas have been selected, located in the municipalities of San Román de Cameros and 
Ajamil de Cameros. The reason to select two areas in the same valley is based on the 
different lithologic conditions: calcareous (San Román de Cameros) and siliceous (Ajamil 
de Cameros).   

The cumulative area of scrubland cleared zones during winter 2019-2020 by the 
Government of La Rioja has been 20.1 ha in San Román de Cameros and 8.61 ha in 
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Ajamil, with different clearing intensities: two areas with high intensity, two areas with 
medium intensity and two with low intensity (Figure 2 A and B). In addition, the LIFE 
MIDMACC project has carried out similar scrubland activity in two private areas due to 
the better accessibility to carry out the experimentation: 0.7 ha in San Román and 3.6 ha 
in Ajamil 3.6 ha. In total, scrubland clearing has been applied in a surface of 33 ha 
in La Rioja.  

 

In each (private) area, 12 sub-plots were created for the monitoring experiments with 
different livestock loads (3 replicates for each load): no livestock, low, medium and high 
load. In addition, one plot with no intervention has been selected close to the managed 
area to monitor the site evolution with no actuation (control plot) (Figure 2). 

 

Figure 2 also indicates the clearing intensity of the different plots (determined by the 
previous vegetation that has been eliminated): low, medium and high. 

 

Figure 2. Location of the control plots and replicates of the experimental design and diagram of 
the livestock and monitoring subplots in La Rioja. 

Figure 2 shows the control plots and the twelve subplots defined for the monitoring 
experiments, and a diagram of the livestock and monitoring subplots, with the location of 
sensors to monitor soil humidity, air temperature and relative humidity in the different 
livestock treatments.  
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3. Monitoring  variables  and  protocols  

Table 1 summaries the monitored variables in the scrubland clearing pilot experiences in 
La Rioja and Aragón. Following, a detailed description of each variable, the means to 
measure it, the frequency of the measurements and other specifications are included. 

 Variable Description Methodology Periodicity 

Soil 

Soil analysis Field bulk 
density (BD) 

pH and 
electrical 
conductivity 
(EC) 

Total Carbon 
concentration 
(Ctotal) 

Total Nitrogen 
concentration 
(N) 

Carbonate 
content 
(CaCO3) 

Soil organic 
carbon and 
nitrogen stocks 
(SOC and TN) 

Corg/N ratio 

% organic 
matter 

Grain size 
distribution 
(texture) 

Organic 
phosphorus (P) 

Saturated soil 
moisture (SAT) 

Field capacity 
(FC) 

Wilting poing 
(WP) 

 

Soil analysis 

A field campaign 
will be 
designated to 
characterize soil 
properties 
before the 
experiment and 
at the end of the 
project. 

In each site, in 
order to have 
more variability, 
three soil 
samples will be 
taken in each 
plot; then, this 
samples will be 
mixed to create 
a composite 
sample. 

Four depths will 
be analysed: 0-
10, 10-20, 20-30 
and 30-40 cm. 

All the variables 
will be measured 
twice along the 
project: at the 
beginning and at 
the end of the 
experimentation. 

 

In addition, soil 
properties 
related to carbon 
storage will be 
analysed yearly 
(only the first 10 
cm) 

Soil moisture Soil water 
content (SWC) 

Humidity 
sensors and 
data-loggers 

Continuous 

Pastures 

Pasture 
production 
and quality 

Pastoral value 

Pasture 
nutritive quality 

Field sampling 

Chemical 
analysis 

 

Yearly in 

spring or 
summer 
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(protein and 
fibre content) 

Biomass 
productivity 

Biodiversity Plant 
community 
composition 
(species 
richness, 
diversity and 
plant functional 
types) 

Field sampling Yearly in spring 
or summer 

Rainfall 
simulation 

Hydrological 
response 
and soil 
erosion 

- Runoff 
coefficient 

- Infiltration rate 

- Time to runoff  

- Ponding time 

- Wetting front 

-  
-  - Sediment 

concentration 
- - Sediment 

production 
- - Sediment 

detachment 

 

Rainfall  

Simulation 
experiments 

After clearing 
and yearly 

Site 
meteorological 

conditions 

Precipitation Daily rainfall 
amount 

Rainfall gauges Continuous 

Temperature 
and relative 
humidity 

Temperature 
and relative 
humidity 

Temperature 
and relative 
humidity data 
loggers 

Continuous 

Table 1. Monitored Variables: variables, description, methodology and periodicity 

3.1. Soil  

 

Soil is the main reservoir for organic carbon in terrestrial ecosystem. Land uses and land 
management changes, modified the composition of plant cover, and these changes 
affect the content and quality of soil properties, especially organic matter and soil organic 
carbon. The soil organic carbon conservation and its sequestration is of great interest to 
mitigate the effects of climate change. In that sense, the objective of this environmental 
monitoring is to identify the effects of scrubland clearing and livestock management in 
soil properties and soil organic carbon dynamics. 
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3.1.1. Soil analysis 

Soil samples will be carried out twice along the project: at the beginning and at the end 
of the experimentation. In addition, soil properties related to carbon storage (only in the 
top soil, 0-10 cm) will be analysed yearly. 

 

The first soil samplings were carried out in June 2020 in all the scrub clearing plots. At 
each monitoring subplot, three soil samples were diagonally sampled with an auger at 
10 cm increments: 0 cm, 0-10 cm, 10-20 cm, 20-30 cm and 30-40 cm. In each site, 45 
points were selected and 225 subsamples were recorded and later combined into one 
soil composite sample per plot and depth. In total 75 composite samples were created 
in each study site (in San Román, Ajamil and La Garcipollera) (total soil samples to be 
analysed, n=225) (Figures, 3, 4 and 5). In addition, bulk soil samples were collected to 
test soil moisture and bulk density values. These analyses will allow to set the initial 
conditions of the soil. Before the end of the project, the same procedure will be carry out 
in the different subplots to know the effect of the different treatments on the following soil 
variables: Field bulk density (BD), pH and electrical conductivity (EC), total carbon 
concentration (Ctotal), total nitrogen concentration (N), carbonate content (CaCO3), 
organic carbon (Corg), soil organic carbon (SOC) and nitrogen (TN) stocks, organic 
matter (OM), grain size distribution, organic phosphorus (P), saturated soil moisture 
(SAT), field capacity (FC), wilting point (WP) and CN ratio. Once per year, top soil 
samples (only the first 10 cm) will be taken and soil properties related to carbon storage 
will be analysed. 

The analyses are being carried out in the Pyrenean Institute of Ecology (IPE-CSIC) 
following the protocols established in the laboratories. Soil samples are air dried and 
sieved through a 2 mm mesh sieve in the laboratory.  

(i) Bulk density is estimated from undisturbed soil samples that were oven-dried 
at 105ºC for 24-48 h. When missing these values, BD values were calculated by 
pedotransfer equations proposed by Guo and Gifford (2002) and Post and Kwon 
(2000);  

(ii) pH is measured in a deionized water suspension (1:2.5) using a pH meter; 

(iii) electrical conductivity using a conductivity meter;  

(iv) total carbon and total nitrogen are measured by dry combustion in an 
elemental analyser (LECO CNS 928);  

(v) carbonate content is measured with the Bernard calcimeter method;  

(vi) organic carbon is calculated by subtraction of total inorganic carbon from the 
total carbon or using the van Bemmelen factor of 0.58 (using as universal 
conversion factor in the absence of CaCO3);  

(vii) SOC and N stocks is expressed in Mg ha-1, calculated weighting each organic 
carbon and total nitrogen values by the respective depth range (10 cm) and the 
value of bulk density;  

(viii) organic matter is determined using the Walkley-Black chromic acid wet 
oxidation method; 

(ix) Corg/N ratio is calculated using Corg and total nitrogen;  
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(x) grain size distribution is determined using a particle size analyser (Mastersizer 
2000) after oxidizing the organic material with peroxide;  

(xi) organic phosphorus is determined by the Bray method;  

(xii) soil hydraulic properties (saturated soil moisture (SAT), field capacity (FC) 
and wilting point (WP)) are estimated using pedotransfer functions (from texture 
data and organic matter values; Rawls et al., 1992). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. (a) Soil sampling in San Román (Calcareous soils), and (b) detailed undisturbed soil 
sample. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Soil sampling in the Control plot in Ajamil (Sileceous soils). 




















