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Note to the reader 51 

GBS review reports are not completely independent from each other. Readers of this report are advised to 52 

first read the report dedicated to Core concepts of the GBS (CDC Biodiversité 2020a) to ensure a good 53 

overall comprehension of the tool and the present report. 54 

The following colour code is used in the report to highlight: 55 

- Assumptions 56 

- Important sections 57 

- Developments of the GBS planned in the future 58 

The GBS review reports are aimed at technical experts looking for an in-depth understanding of the tool 59 

and contribute to the transparency that CDC Biodiversité considers key in the development of such a tool. 60 

They focus on technical assumptions and principles. Readers looking for a short and easy-to-understand 61 

explanation of the GBS or on an overview of existing metrics and tools should instead read the general 62 

audience reports published by CDC Biodiversité (CDC Biodiversité 2017; CDC Biodiversité, ASN Bank, and 63 

ACTIAM 2018; CDC Biodiversité 2019b). 64 

1 Context 65 

1.1 Objective and overview of this report 66 

This report presents how the GBS uses GLOBIO 3.6 Terrestrial cause-effect relationships (Rob Alkemade 67 

et al. 2009; Schipper et al. 2016) to assess the impacts of terrestrial pressures on biodiversity and how it 68 

combines it to other data sources to build impact factors which can be used in combination with the GBS 69 

CommoTools and input-output approach. Figure 1 shows the linkages with the overall GBS approach: the 70 

“default” approach uses the area circled in orange while the “refined” approach allows to directly use 71 

pressure-related corporate data inputs to assess impacts. 72 
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 73 

Figure 1: Link between the content of this report and the GBS framework 74 

1.2 Pressures covered 75 

GLOBIO Terrestrial cause-effect relationships cover the following IPBES main drivers of biodiversity loss: 76 

• Land / sea use change: Land use, Fragmentation and Encroachment; 77 

• Pollution: Atmospheric nitrogen deposition, and on-site pollution is partly accounted for in the 78 
pressure Land use. Pollution related to pesticides and ecotoxicity will be covered in another 79 
document as it will not rely on GLOBIO Terrestrial (CDC Biodiversité 2020b). Other pollution 80 
sources such as plastic pollution are not covered yet; 81 

• Climate change. 82 

The following driver is not yet covered: Invasive alien species. Due to the way it is defined, the Mean Species 83 

Abundance (MSA) can however reflect the impacts of invasive alien species: an ecosystem where original 84 

species populations drop sharply whereas invasive populations skyrocket will show a drop in MSA since 85 

only naturally occurring species count in the calculation of MSA. 86 

Environmental 

Extensions 

Accounts

Predicted MSA losses per pressure by the 

GLOBIO-IMAGE scenario
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Direct exploitation is not directly associated to specific pressures in GLOBIO Terrestrial. The GBS however 87 

includes the impacts of extraction of living biomass (crops, wood logs) and non-living materials (metal ores, 88 

fossil fuels). The pressures associated to unsustainable hunting (and fishing for aquatic and marine 89 

pressures) are not yet covered. 90 

Based on the assessment of the relative importance of drivers of biodiversity loss by the IPBES (Díaz et al. 91 

2019), the GBS covers about 75% of them. For most industries, material impacts will be covered. However, 92 

GBS 1.0 will not be adequate for industries where overexploitation through hunting or invasive alien species 93 

are material. 94 

The GBS will be regularly updated and it aims to cover all the main drivers of biodiversity loss as listed by 95 

the IPBES. As soon as reliable data are available, the GBS will include impacts from the pressures currently 96 

not covered. 97 

1.3 Cause-effect relationships versus global 98 

coverage forecast data 99 

As noted in the Introduction document (CDC Biodiversité 2020a), two types of data constantly used in 100 

the GBS should be differentiated. They are both produced by the PBL and they are closely linked together 101 

although they have a fundamental difference. On one side, the cause-effect relationships link a pressure 102 

intensity to a biodiversity impact expressed in MSA% or MSA.km² for each biodiversity loss driver; all 103 

together they form what we refer to as the GLOBIO cause-effect relationships. On the other side, global 104 

biodiversity state predictions. This data is produced by the PBL through the combination of GLOBIO cause-105 

effect relationships and the integrated assessment model IMAGE. The IMAGE model is a scenario-based 106 

model designed to predict the impact of various scenarios (like RCP 2.6 for instance) on various 107 

components of the Earth. The IMAGE model spatially predicts biodiversity loss drivers’ intensities and 108 

GLOBIO cause-effect relationships translate them into biodiversity impacts expressed in MSA% or 109 

MSA.km². This combination of IMAGE and GLOBIO in scenario framework is referred as GLOBIO-IMAGE 110 

scenarios.  111 

Ideally, when building location-specific average impact factors (e.g. national average impact factors), it 112 

would be best to use data based on direct measurements, for instance satellite monitoring of the 113 

fragmentation of natural habitats. However, we have not been able to find direct measurements at a global 114 

scale to build impact factors related to terrestrial pressures. Therefore, we fell back to the modelled data of 115 

the GLOBIO-IMAGE scenario on the extent of pressures globally. This leads to more uncertainties as this 116 

data is a composite of IMAGE sub-models, all encompassing a certain degree of uncertainty. Whenever 117 

direct measurements of pressures become available, the GBS will switch to more accurate data sources. 118 

1.4 About GLOBIO 4 119 
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GLOBIO 4 model is out since early 2020 (Schipper et al. 2020). We have not yet been able to get access 120 

to the detailed projection data up to 2050 to update the GLOBIO3.6 data used in the GBS. This data update 121 

is considered for the next GBS version. 122 

2 Land use 123 

2.1 Context  124 

A GLOBIO CAUSE EFFECT-RELATIONSHIPS 125 

Land-use categories number varies depending on GLOBIO’s version. In this section we focus on 126 

the GLOBIO version which was used for a technical supplement to the Global Biodiversity Outlook 4 (Kok 127 

et al. 2014), which we call “GLOBIO GBO4”. This is the version used to produce scenario-based data used 128 

in GBS’ default assessments. In other GLOBIO’s versions, other categories and their associated MSA% are 129 

characterized and can be used in the refined approach. A summary of all land use types, with their 130 

description and associated MSA is presented in Figure 2.  131 

 132 

GLOBIO GBO4 (used in 

default assessments)

Marquardt et al. 2019 (used in 

refined assessments)
MSA value (%) Description from GLOBIO 3 (Alkemade et al. 2009)

GLOBIO GBO4's man-

made area 

Natural_forest Natural forest 100%

Also called Primary vegetation (forest). Minimal disturbance, where flora and fauna species 

abundance are near pristine Non-man-made land

Forestry_plantation Plantation forest 30% Planted forest often with exotic species Non-man-made land

Forestry_harvest Clear-cut forest 50%

Also called Secondary forests. Areas originally covered with forest or woodlands, where 

vegetation has been removed, forest is re-growing or has a different cover and is no longer in 

use Non-man-made land

Forestry_selective_logging Selectively logged forest 70%

Also called Lightly used natural forest. Forests with extractive use and associated 

disturbance like hunting and selective logging, where timber extraction is followed by a long 

period of re-growth with naturally occurring tree species Non-man-made land

Forestry_reduced_impact_lo

gging

Reduced impact logging (RIL) 

forest 85% Didn't exist in GLOBIO3 Non-man-made land

Natural_schrub_grassland Natural grassland 100%

Also called Primary vegetation (grass- or scrublands). Grassland or scrubland-dominated 

vegetation (for example, steppe, tundra, or savannah) Non-man-made land

Cultivated_grazing_area

Moderately and Intensively 

used pasture 60%

Also called Livestock grazing. Grasslands where wildlife is replaced by grazing

livestock Man-made land

/ Man-made pasture 30%

Also called Man-made pastures. Forests and woodlands that have been converted to 

grasslands for livestock grazing. Non applicable

Agriculture_extensive

Rain-fed low input cropland - 

temporary and permanent 30%

Also called Low input agriculture. Subsistence and traditional farming, extensive farming, and 

low external input agriculture Man-made land

Agriculture_intensive

Rain-fed high input cropland - 

temporary and permanent 10%

Also called Intensive agriculture. High external input agriculture, conventional agriculture, 

mostly with a degree of regional specialization, irrigation-based agriculture, drainage-based 

agriculture. Man-made land

Agriculture_irrigated

Irrigated cropland - temporary 

and permanent 5% Didn't exist in GLOBIO3 Man-made land

Agriculture_woody_biofuels 30% Didn't exist in GLOBIO3 Man-made land

Natural_bare_ice_other Bare area 100% Areas permanently without vegetation (for example, deserts, high alpine areas) Non-man-made land

Urban Urban 5% Also called Built-up areas. Areas more than 80% built up Man-made land
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Figure 2: Summary of GLOBIO land use types and associated MSA1 133 

Thirteen land-use categories are factored into GLOBIO GBO4. Three categories refer to natural 134 

areas insofar as they are not dedicated to any human activity in particular, i.e., natural forests, natural 135 

grasslands, and natural bare ice. Ten other categories correspond to: intensive agriculture, extensive 136 

agriculture, woody biofuel agriculture, irrigated agriculture, cultivated grazing areas, forestry plantation, 137 

harvest forestry, selective logging forestry, low-impact selective logging forestry, and urban areas. The 138 

classes reflect the (management) intensity of land use on cultivated land (including forests) and grazing 139 

areas. To assess the MSA% of each land use class, 89 peer-reviewed articles comparing species’ 140 

abundance between at least one land-use type and primary vegetation were selected by the PBL. Though 141 

tropical forests are overrepresented in this sample, studies from other biomes confirm the general picture. 142 

For urban areas no proper data was found and the value of 5% was assigned by the PBL by expert opinion. 143 

It is important to note that GLOBIO land use cause-effect relationships focus on long-term 144 

management intensity. For instance, “Forestry - clear cut harvesting” should be understood as a type of 145 

forestry management here, not a punctual action.  Over a period of 50 years, when trees are cut, they are 146 

cut through clear-cutting and not selective logging. Even though biodiversity level varies over time, it is 147 

assumed that on average over time, MSA% is equal to 50%. 148 

Also, plantations related to the production of other commodities than wood (palm oil, rubber...) are 149 

considered as croplands. Those actively managed therefore falls in the intensive agriculture land use type 150 

with an MSA value of 10%. 151 

 152 

B LAND USE DATA 153 

As noted above, lacking direct measurements of land use (i.e. land cover combined with management 154 

intensity) and land use changes globally, we fall back to GLOBIO-IMAGE scenario’s land use projections. 155 

Global land coverage data was compiled by the PBL from different sources. The Global Land Cover 2000 156 

(GLC2000) map representing land cover in the year 2000 was used by the PBL in GLOBIO3 as a starting 157 

 

 

1 For the GLOBIO GBO4 land use “Forestry plantation”, GLOBIO GBO4 actually uses a MSA% of 20% instead of 30%. In 

the GBS calculations, MSA% of 30% is used, in line with GLOBIO 3.6 (Schipper et al. 2016). Since only the projected 

areas (km2) of land use, and not the projected static biodiversity impacts (MSA.km2), are used in default calculations, the 

discrepancy does not cause errors in our results. However, results from the GBS cannot be directly compared to forecasts 

made with GLOBIO GBO4 for the Forestry plantation land use. The land-use classes and MSA% values of (Marquardt et 

al. 2019) are used in refined assessments (they are actually very similar to GLOBIO 3.6 land use classes). In the figure, 

“temporary” and “permanent” land-use classes are regrouped as they have the same MSA% (e.g. Irrigated cropland - 

temporary and Irrigated cropland – permanent). Similarly, Moderately used pasture and Intensively used pasture are 

merged in the table as they both have a MSA% of 60%. Two additional land use classes could be used in refined 

assessment in future versions of the GBS, based on (R. Alkemade et al. 2013): Intensively used pasture (50% MSA) could 

be distinguished from Moderately used pasture (60% MSA), and an additional class could be introduced Ungrazed 

abandoned rangelands (70% MSA). 
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point. The 23 land cover classes in the GLC2000 were aggregated into broader classes according to their 158 

MSA value to fit the 13 land-use classes displayed in GLOBIO GBO4 (as described above). 159 

Intensity is measured by the PBL based on the research of J. Dixon (Dixon, Gibbon, and Gulliver 2001) for 160 

cultivated areas, data from the GLOBIO-IMAGE scenario for grazing areas, and data provided by the FAO 161 

(2001) for forests. 162 

 163 

Global land coverage data and forecast is used as a default approach when we are not able to collect 164 

directly land use surface data (either static or dynamic) and conduct a refined assessment. More details will 165 

be provided in the following sections and for each commodity specific documentation. 166 

2.2 Default assessment dimensioning 167 

A DYNAMIC FOOTPRINT 168 

2.2.A.1 Restricted perimeter concept 169 

Let’s consider a fixed perimeter P. This perimeter can be a GLOBIO cell, a country, a region, etc. 170 

From year n to year n+1 (the approach is similar if the assessed period is not one year), the land uses on 171 

this perimeter P changed, some of them extended and, as the total surface remains constant, some of them 172 

shrank. In other word, land conversion happened leading to a change in the state of biodiversity 173 

(“biodiversity variation”) which can be a loss or a gain. The question here is how to allocate this biodiversity 174 

variation to the different types of land uses. First, we define the restricted perimeter RP which sums up land 175 

use differences between year n and year n+1. Areas where the land use did not change between year n 176 

and n+1 are excluded from RP (step 1 in Figure 3). The change in biodiversity is then allocated to the final 177 

land uses of RP (year n+1), as we consider that responsibility for the biodiversity variation falls on land uses 178 

that remain at the end of the period. Since the exact conversion process is unknown – land use repartition 179 

in years n and n+1 is  known but no data on the evolution of each specific land use is available, e.g. which 180 

land use replaced which one – we assume that the conversion started from an average land use reflecting 181 

the average biodiversity value of RP in year n (step 2 in Figure 3). Biodiversity loss due to land conversion 182 

allocated to each land use LU is computed as follow:  183 

𝑀𝑆𝐴 𝑑𝑦𝑛𝑎𝑚𝑖𝑐𝐿𝑈
𝑛→𝑛+1 = 𝑆𝑅𝑃 𝐿𝑈

𝑛+1 × (𝑀𝑆𝐴𝑅𝑃
𝑛 − 𝑀𝑆𝐴𝐿𝑈) 184 

 With 𝑀𝑆𝐴 𝑑𝑦𝑛𝑎𝑚𝑖𝑐𝐿𝑈
𝑛→𝑛+1: biodiversity variation due land use conversion attributed to land use LU 185 

(MSA.m²)  186 

𝑆𝑅𝑃 𝐿𝑈
𝑛+1  : surface in RP at year n+1 for land use LU 187 

𝑀𝑆𝐴𝑅𝑃
𝑛  : average MSA in year n of all land uses within RP (in %)  188 
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𝑀𝑆𝐴𝐿𝑈 : MSA for land use LU (in %)  189 

 190 

  191 

 192 

Figure 3: Illustration of the calculation of the dynamic footprint for land use conversion with a simplified example 193 

 194 

Figure 3 gives a simplified example with only 4 land uses distributed on a perimeter P of surface 195 

100 m² to illustrate the methodology. The biodiversity loss for each land use is finally computed as follows: 196 

 197 

In default assessments, i.e. assessments based on scenario-based data only, biodiversity gains due 198 

to spatial pressures (land use, fragmentation and encroachment) are capped at 0. This reflects the 199 

conservative stance adopted by the GBS in default assessments: if no data is available to demonstrate that 200 

farmers are actually reducing cropland area (leading to less biodiversity being lost due to spatial pressures), 201 

we consider that the reduction in agricultural area is due to some farmers stopping their activity, while the 202 

remaining farmers maintain their existing areas. It does not mean that GBS methodology cannot account 203 

for potential gains for spatial pressures, it is still possible in the refined assessment with appropriate and 204 

robust data justifying it. 205 

 206 

2.2.A.2 Implementation 207 

Natural forest (MSA = 100%)

Selective logging forestry (MSA = 70%)

Extensive agriculture (MSA = 30%)

Intensive agriculture (MSA = 10%)

Average land use of RPn

30

30

20

20

Pn

20

10

30

40

Pn+1

10

20

RPn

10

20

RPn+1

30

RPn

10

20

RPn+1

Step 1 Step 2
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 208 

 209 

Figure 4: General layout default assessment for land use dynamic footprint 210 

Based on computation rules described in the previous section, for an assessment from year n to 211 

year n+1, for each cell:  212 

- (STEP 1) the restricted perimeter is evaluated by computing land use annual changes areas (dynamic, in 213 

km²). Within the restricted perimeter, land use types which extended are final land uses and they replaced 214 

initial land uses whose area decreased.  215 

- (STEP 2) average biodiversity variation (MSA.km2) is computed for restricted perimeter at year n (area 216 

weighted MSA% of initial land uses), 217 

- dynamic impacts (MSA.km2) are computed for final land uses with gains capped to 0. 218 

#STEP 1 219 
  #Compute restricted perimeter area and MSA start 220 
  land_use_annual_change_neg <- land_use_annual_change %>% 221 
    select(contains("Area_LU_")) %>% 222 
    mutate_all(funs(replace(., .>0, 0))) %>% 223 
    mutate(restricted_perimeter_area = -rowSums(.)) 224 
 225 
  #Compute MSA.km² start on restricted perimeter 226 
  inter_neg <- - select(land_use_annual_change_neg, LU_column_names[1])* LU_specs$msa[1] 227 
  for (i in (2:length(LU_column_names))) { 228 

LU areas
Dynamic 
Per GLOBIO cell
GLOBIO-IMAGE 
scenario
km²

LU areas (restricted perimeter)
Dynamic
Per GLOBIO cell
km²

Terrestrial: land use dynamic

terrestrial_MSA_LU_intensity_builder()

LU cause-effect relationship MSA%
GLOBIO 3.0 LU dynamic impacts

Per GLOBIO cell
MSA.km²

STEP 1
STEP 2

LU areas
Static
Per GLOBIO cell
GLOBIO/ IMAGE
km²

LU intensities
Per country
(10 non natural types)
Dynamic
MSA.km²/km²

LU aggregated intensities
Per country
(4 groups: agriculture, forestry, 
grazing, urban)
Dynamic
MSA.km²/km²

LU intensities
Per EXIOBASE region
(10 non natural types)
Dynamic
MSA.km²/km²

LU aggregated intensities
Per EXIOBASE region
(4 groups: agriculture, forestry, 
grazing, urban)
Dynamic
MSA.km²/km²

STEP 4

STEP 3
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    inter_neg <- inter_neg  - select(land_use_annual_change_neg, LU_column_names[i]) * 229 
LU_specs$msa[i] 230 
  } 231 
 232 
  #STEP 2: Compute MSA.km² losses per land use type 233 
  #Compute MSA% start on restricted perimeter 234 
  land_use_annual_change_neg <- land_use_annual_change_neg %>% 235 
    cbind(inter_neg %>% rename(restricted_perimeter_msa_start = 1)) %>% 236 
    mutate(restricted_perimeter_msa_start = 237 
      case_when( 238 
        restricted_perimeter_area != 0 ~ restricted_perimeter_msa_start/ 239 
restricted_perimeter_area, 240 
        restricted_perimeter_area == 0 ~ 0 241 
    )) 242 
 243 
  #Reminder: allocation of msa loss (GAINS ARE CAPPED) to expanding land uses 244 
  #Selection of expanding land uses 245 
  land_use_annual_change_pos <- land_use_annual_change %>% 246 
    select(contains("Area_LU_")) %>% 247 
    mutate_all(funs(replace(., .<0, 0))) 248 
 249 
  #MSA loss computation 250 
  terrestrial_MSA_land_use_dynamic_cell <- select(land_use_annual_change, CellCd) 251 
  for (i in (1:length(LU_column_names))) { 252 
    terrestrial_MSA_land_use_dynamic_cell <- terrestrial_MSA_land_use_dynamic_cell %>% 253 
      cbind(select(land_use_annual_change_pos, LU_column_names[i]) * 254 
        (land_use_annual_change_neg$restricted_perimeter_msa_start - LU_specs$msa[i])) 255 
  } 256 
 257 
  #Cap application: Selection of only positive figures (losses) 258 
  terrestrial_MSA_land_use_dynamic_cell <- terrestrial_MSA_land_use_dynamic_cell %>% 259 
    mutate_all(funs(replace(., .<0, 0))) %>% 260 
    rename(globio_cell_id = CellCd) 261 
  names(terrestrial_MSA_land_use_dynamic_cell) <- 262 
map_chr(names(terrestrial_MSA_land_use_dynamic_cell), str_replace, "Area", "MSA") 263 
 264 
  #Add land use surfaces (current) 265 
  terrestrial_MSA_land_use_dynamic_cell <- terrestrial_MSA_land_use_dynamic_cell %>% 266 
    left_join(GBStoolbox::terrestrial_get_land_use_data("current", "cell") %>% 267 
rename(globio_cell_id = CellCd), by= "globio_cell_id") 268 

 269 

- (STEP 3&4) For each spatial entity (country and EXIOBASE region), intensities for each non-natural land 270 

use type are then computed as follow: 271 

𝐿𝑎𝑛𝑑 𝑢𝑠𝑒 𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑀𝑆𝐴 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑆𝐸
𝐿𝑈 𝑡𝑦𝑝𝑒

=
𝑀𝑆𝐴 𝑙𝑜𝑠𝑠𝑒𝑠𝑆𝐸

𝐿𝑈 𝑡𝑦𝑝𝑒

𝐴𝑟𝑒𝑎𝑆𝐸
𝐿𝑈 𝑡𝑦𝑝𝑒  272 

With 𝐿𝑎𝑛𝑑 𝑢𝑠𝑒 𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑀𝑆𝐴 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑆𝐸
𝐿𝑈 𝑡𝑦𝑝𝑒

: land use dynamic intensity for spatial entity SE and 273 

land use type LU [MSA.km²/km²] 274 
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𝑀𝑆𝐴 𝑙𝑜𝑠𝑠𝑒𝑠𝑆𝐸
𝐿𝑈 𝑡𝑦𝑝𝑒

: total MSA losses for land use type LU in spatial entity SE [MSA.km²] 275 

𝐴𝑟𝑒𝑎𝑆𝐸
𝐿𝑈 𝑡𝑦𝑝𝑒

: total area for land use type LU in spatial entity SE [km²] 276 

𝑀𝑆𝐴 𝑙𝑜𝑠𝑠𝑒𝑠𝑆𝐸
𝐿𝑈 𝑡𝑦𝑝𝑒

 and 𝐴𝑟𝑒𝑎𝑆𝐸
𝐿𝑈 𝑡𝑦𝑝𝑒

are computed as sums of respectively losses and areas for all cells 277 

composing spatial entity SE.f 278 

 On the same principle, intensities (static and dynamic) are also computed for the following 279 

aggregated land use types: 280 

- “all agriculture” regrouping intensive, extensive, irrigated and woody biofuels, 281 

- “all forestry” regrouping forestry plantation, harvest forestry, selective logging forestry, low-impact 282 

selective logging forestry.  283 

 In this version of GBS, we compute only the “average” intensity. In future versions we would like to 284 

compute as well optimistic and conservative intensities based on uncertainties around cause-effect 285 

relationships and land use areas forecast. 286 

Land use dynamic intensities do not directly apply GLOBIO cause-effect relationships as they rely 287 

on regional average land use changes, they thus fall into data quality tier 3. 288 

B STATIC FOOTPRINT 289 

In any case, for default and refined assessments, static footprint computation is directly derived 290 

from cause-effect relationships. Therefore, for a given area A, it is computed using the following function:   291 

𝐿𝑎𝑛𝑑 𝑢𝑠𝑒 𝑠𝑡𝑎𝑡𝑖𝑐 𝑖𝑚𝑝𝑎𝑐𝑡 (𝐴)  = 𝑓(𝑆𝐴 , 𝑀𝑆𝐴%𝐴) = 𝑆𝐴 × (100% − 𝑀𝑆𝐴%𝐴) 292 

With 𝐿𝑎𝑛𝑑 𝑢𝑠𝑒 𝑠𝑡𝑎𝑡𝑖𝑐 𝑖𝑚𝑝𝑎𝑐𝑡 (A): static footprint for area A (in MSA.m²) 293 

𝑆𝐴: surface of area A (in m²) 294 

𝑀𝑆𝐴%𝐴: MSA% of area A (in MSA%) 295 

Using the previous simplified example of Figure 3, we obtain:  296 

𝑀𝑆𝐴 𝑠𝑡𝑎𝑡𝑖𝑐𝑃
𝑛 = 30 × (1 − 1) + 30 × (1 − 0.7) + 20 × (1 − 0.3) + 20 × (1 − 0.1) = 41 𝑀𝑆𝐴. 𝑚2 297 

𝑀𝑆𝐴 𝑠𝑡𝑎𝑡𝑖𝑐𝑃
𝑛+1 = 20 × (1 − 1) + 10 × (1 − 0.7) + 30 × (1 − 0.3) + 40 × (1 − 0.1) = 60 𝑀𝑆𝐴. 𝑚2 298 

Note that, on a fixed perimeter and when only land use pressures apply, the following equation is 299 

verified:  300 
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𝑀𝑆𝐴 𝑠𝑡𝑎𝑡𝑖𝑐𝑃
𝑛+1 =  𝑀𝑆𝐴 𝑠𝑡𝑎𝑡𝑖𝑐𝑃

𝑛 + ∑ 𝑀𝑆𝐴 𝑑𝑦𝑛𝑎𝑚𝑖𝑐𝐿𝑈
𝑛→𝑛+1

𝐿𝑈

 301 

2.3 Refined assessment dimensioning 302 

A PRINCIPLE 303 

The functions described here aim to assess the biodiversity impacts caused by terrestrial land use changes 304 

when land use data on a delimited geographical perimeter are available. One or several polygons which 305 

can be drawn on a map is what we understand as a “delimited” perimeter. The type of data required is the 306 

classes of land uses and their respective areas at two different dates. Figure 5 represents the relationships 307 

between the different functions constructed and used when these refined data are available. The following 308 

sections mainly focus on the Steps I and II, using the functions pressure_LU_pre_treatment()for the 309 
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automatic pre-treatment step and pressure_LU_evaluator() for the evaluation step, Step 0 where the data 310 

from companies is manually pre-treated first and then imported is not detailed.  311 

 312 

 313 

 314 

Figure 5: Overview of the refined terrestrial land use pressure assessment functions 315 

Figure 6 explains the basic principles to assess the terrestrial impact on biodiversity caused by land use 316 

with the refined method on one polygon with only one land use. The dynamic impact is attributed to the 317 

appeared land use, that has caused an MSA loss on the polygon. The method is further explained in the 318 

first publication of the GBS (CDC Biodiversité 2017). 319 

Step I: pressure_LU_pre_treatment()

Step II: pressure_LU_evaluator()

Formatted land use input 
indicators
(multiple versions depending on 
calculation mode)

Surfaces predicted at the 
beginning and end of the 
assessment

Dynamic impacts in MSA.km² during the 
assessment time period:
By {site; impacting land use}
By site

Calls correspondence_add_lines()

Step 0: pressure_LU_pre_treatment_import()

Land use input indicators
by calculation mode (central, 
optimistic, pessimistic)

Calls builder_relationships()

Static impacts in MSA.km² at the beginning of 
the assessment
By {site; impacting land use}
By site

Weighted mean of the MSA in 
the RP (Restricted perimeter) 
at the beginning of the 
assessment

Surfaces variations during the 
assessment time period

Pre-treated land use data with
GLOBIO nomenclature

Can be used directly for static impacts 
at the data time period

Assessment
time period

MSA values per LU type
GLOBIO cause-effect relationships
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  320 

Figure 6: Basic principle to assess the biodiversity impacts of land use 321 

In real cases with corporate data on multiple entities or sites, there are usually multiple land use classes. 322 

This issue is tackled with the principles explained in section 2.2A and in the last GBS publication (CDC 323 

Biodiversité 2019b). 324 

In cases where we do not know precisely which land use replaces which, we use the “restricted perimeter” 325 

methodology as described in section 2.2.A.1.  326 

The static impact computation method is quite the same as in Figure 6. Static biodiversity loss impacts at a 327 

given year are attributed to the present land uses according to the area they occupy and the associated 328 

%MSA, with the formula: 329 

𝑀𝑆𝐴 𝑠𝑡𝑎𝑡𝑖𝑐𝐿𝑈
𝑛 = 𝑆𝐿𝑈

𝑛 × (100% − 𝑀𝑆𝐴𝐿𝑈) 330 

Equation 1: Static impact on biodiversity caused by land use 331 

Where 𝑆𝐿𝑈
𝑛  is the area occupied by the land use LU that is present in year n. 332 

For cases where the exact land conversion process is known.  allocation is straightforward and MSA impacts 333 

are computed using land use respective MSA% values as described in Figure 6.  334 

 335 

LUbeginning

Natural forest

MSA_LUbeginning = 100%

Area = S_polygon

= 10 ha

LUend

Intensive cropland

MSA_LUend = 10%

Area = S_polygon

= 10 ha

tbeginning tend

Dynamic impact due to LU change on biodiversity between tbeginning and tend:

S_polygon * (MSA_LUend - MSA_LUbeginning)

Ex: 10 * (100% - 10%) = 9 MSA.ha, due to the cropland

Static impact due to LU on biodiversity at tbeginning:

S_polygon * (100% - MSA_LUbeginning)

Ex: 10 * (100% - 100%) = 0 MSA.ha

Static impact due to LU on biodiversity at tend:

S_polygon * (100% - MSA_LUend)

Ex: 10 * (100% - 10%) = 9 MSA.ha, due to the cropland
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 336 

B INPUT DATA FORMAT FOR THE PRE-TREATMENT 337 

The requirements of format for input data at the beginning of Step 0 are listed in the data collection 338 

guidelines (CDC Biodiversité 2019a). In addition to format requirement the total area for each site must 339 

remain constant over time (though the mix of land uses can obviously change). This verification is for now 340 

done manually before using the functions. 341 

 342 

This section focuses on the pre-treatment -(Step 1). Data at the beginning of Step 1 is formatted as shown 343 

by Table 1. 344 

Pressure2 Group3 Scope Land Use Stage Year Area (km2)4 

Land-use … site A 1 Forest - 

Natural 

Year_stage_1 2016 30 

Land-use … site A 1 Forest - 

Selective 

logging 

Year_stage_1 2016 30 

Land-use … site A 1 Extensive 

cropland 

Year_stage_1 2016 20 

Land-use … site A 1 Intensive 

cropland 

Year_stage_1 2016 20 

Land-use … site A 1 Forest - 

Natural 

Year_stage_2 2017 20 

Land-use … site A 1 Forest - 

Selective 

logging 

Year_stage_2 2017 10 

 

 

2 The “Pressure” and “Scope” columns contain data needed to identify to which pressure and Scope the result of the 

assessment is related. 
3 “Group” can take a number of values (for example a field, a production site, a business unit..) depending on the entity 

type relevant for the assessment. Here, to simplify, we take the example of production sites (noted “Site” in the rest of the 

text) for the geographically most precise level of group).  
4 Data for site A is the same as the example from and the previous GBS report (CDC Biodiversité 2019b), except that the 

unit is now km2 instead of m2. 
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Land-use … site A 1 Extensive 

cropland 

Year_stage_2 2017 30 

Land-use … site A 1 Intensive 

cropland 

Year_stage_2 2017 40 

…       

Table 1: Data after Step 0 345 

 346 

Companies have to provide land use data at two different dates, so that the land use conversion can be 347 

calculated. Each {site; land use class} is thus associated to two lines in Table 1, the first for the earlier date, 348 

called “Year_stage_1” (or t1) and the second for the later date, called “Year_stage_2” (or t2).  The “Stage” 349 

column contains this information. All the t1 and the t2 are not necessarily the same for each {site; land use} 350 

depending on the data available to companies.  351 

The ‘Land Use” column contains the name of the land use class of the concerned combination of {site; land 352 

use}. If the land use class information is directly provided in the same nomenclature as in GLOBIO, it can 353 

be directly fed to the pressure-impact relationships and the provided data is classified in the data quality tier 354 

4. If translation is needed, it is classified in the data quality tier 3. The automatic pre-treatment function is 355 

parly in charge of this the translation process in the code by calling other specialized functions as detailed 356 

in the following section. 357 

 358 

Ranges of values (central, optimist, pessimist) for the surface area of each {land use class; site} can and 359 

should be provided to assess input data uncertainty. When such ranges are input, they are passed on 360 

through the subsequent calculation steps through a “calculation mode” column. 361 

 362 

C PRE-TREATMENT 363 

The function pressure_LU_pre_treatment() takes data at the format of Table 1 as input and converts all 364 

land use inputs into the GLOBIO nomenclature, computes a yearly surface variation rate for each couple of 365 

land use class and site, and the area variation over the whole assessment period. These surface variations 366 

correspond to the surface area of the “Restricted Perimeter” (RP) introduced in Figure 3 for a particular 367 

land use; if its area variation is positive over time, it means that it extended over the period and therefore it 368 

appears in the restricted perimeter for year n+1. The other way around, if its variation is negative, it means 369 

that its area reduced and therefore it appears in the restricted perimeter for year n. At the end, by 370 

construction the restricted perimeter gives a summary of the land use conversions between n and n+1. The 371 
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function also calculates the surfaces occupied by the land use of interest in the associated site at the 372 

beginning and end of the assessment period. 373 

In our experience from case studies, companies never have yearly data on land occupation or land 374 

conversion. It is thus very often necessary to estimate the land occupation for the time boundaries of the 375 

assessment. For instance, if the period assessed is the 2018 financial year, but data on land occupation are 376 

only available at the end of 2012 and 2018, then land occupation at the end of 2017 needs to be 377 

calculated.This example is illustrated by Figure 7 with 2 land use classes. The horizontal axis represents the 378 

time and vertical axis represents the surface area, and each coloured point corresponds to a land use type. 379 

We have data for LU1 in 2017 and 2018, which fits the assessment period, but for LU2, data are available 380 

only in 2012 and 2018. Its area in 2017 needs to be calculated.  381 

 382 

 383 

Figure 7: Illustration of the collected land-use data (type and corresponding area) in 2012, 2017 or 2018. The 384 
evaluation period is from 2017 to 2018. 385 

 386 

Assumption and terms definitions 387 

We assume that when we have land use data at two different dates, and when at both of these two 388 
different dates total area remain constant, we can linearly extrapolate the land occupation between 389 
these time dates, as described in Figure 8. 390 
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 391 

 392 

Figure 8: Linear assumption of land uses evolution within a constant perimeter 393 

t1 and t2 are dates with available data, in the code they correspond to the dates at the Stage 1 and at 394 
the Stage 2. We can only assess impacts within the time period [t1; t2] (with t1 ≠ t2), the case where 395 
the assessment time period is outsite this time interval is excluded for now.  396 

Here are the different definitions of the terms on the Figure 8, and the core calculations of the functions:  397 

Evaluation time period = tassessment end – tassessment begin 398 

Surface variation between t1 and t2 of the land use class LUi on a given site:  399 

∆S_LUi,1→2 = S_LUi(t2) – S_LUi(t1) 400 

We can deduce a linear yearly surface variation rate of the land use LUi :  401 

∆𝑺_𝑳𝑼𝒊, 𝟏→𝟐

𝒕𝟐 − 𝒕𝟏

 402 

Graphically, it is the slope of the curve of S_LUi(t) function plotted in Figure 8. 403 

 404 

Surface variation over the time period of the land use LUi on a given site (needed for dynamic 405 
impact):  406 

∆S_LUi,assessment = S_LUi(tassessment end) – S_LUi(tassessment begin) 407 

The latter is also equal to:  408 

∆S_LUi,assessment = 
∆𝑺_𝑳𝑼𝒊, 𝟏→𝟐

𝒕𝟐−𝒕𝟏
× 𝑨𝒔𝒔𝒆𝒔𝒔𝒎𝒆𝒏𝒕 𝒕𝒊𝒎𝒆 𝒑𝒆𝒓𝒊𝒐𝒅 409 
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If ∆S_LUi,assessment > 0, it means that LUi has expanded or appeared, this surface variation corresponds 410 

to 𝑆𝑅𝑃 𝐿𝑈
𝑛+1  in Erreur ! Source du renvoi introuvable., with n+1 = tassessment end and LU = LUi. The dynamic 411 

impacts are attributed to this LU that have expanded/appeared. 412 

If ∆S_LUi,assessment < 0, it means that LUi has shrinked or disappeared, this surface variation corresponds 413 
to 𝑆𝑅𝑃 𝐿𝑈

𝑛  in the Erreur ! Source du renvoi introuvable., with n = tassessment begin and LU = LUi. No impact 414 
is attributed to this LU. 415 

 416 

Surface prediction at any time between t1 and t2, needed for static impact:  417 

(𝑡𝑥 is a time where LU data are available, here 𝑥 can be 1 or 2) 418 

S_LUi(t) = S_LUi(𝒕𝒙) +  
∆S_LUi,1à2

𝒕𝟐 − 𝒕𝟏
× (𝒕 −  𝒕𝒙) 419 

This formula is applied to predict surfaces at tassessment begin and tassessment end.  420 

 421 

During Step I of Figure 5, pressure_LU_pre_treatment() pre-treats the data to the correct formats (notably 422 

converting the “custom” land use classes to the GLOBIO nomenclature) and computes the surface area 423 

variations over the assessment period and the surface areas at the beginning and end of the assessment. 424 

These figures are then used by pressure_LU_evaluator() in Step II of Figure 5.  425 

2.3.C.1 Dynamic impacts 426 

 In Step I of Figure 5, pressure_LU_pre_treatment() computes the yearly_surface_variation_rate and 427 

deduces from it the surface_variation_during_assessment  following the formulas presented in Figure 8 428 

and the Assumptions in 2.3C: 429 

      430 
mutate(yearly_surface_variation_rate = surface_variation_stage_1_to_2 /period_stage_1_to_2, 431 
       surface_variation_during_assessment = yearly_surface_variation_rate * 432 
(assessment_end_year - assessment_begin_year)) 433 

 434 

2.3.C.2 Static impacts 435 

The land uses areas at the beginning and end of the assessed period are necessary to assess the static 436 

biodiversity impact. They are thus computed by pressure_LU_pre_treatment()  also in the Step I of the 437 

Figure 5 through the formulas presented in Figure 8 and the Assumptions in 2.3C.  438 

mutate(assessment_predicted_area = case_when( 439 
        Stage == "Year_stage_1" ~ Area + yearly_surface_variation_rate * 440 
(assessment_begin_year - Year), 441 
        Stage == "Year_stage_2" ~ Area + yearly_surface_variation_rate * 442 
(assessment_end_year - Year)), 443 

 444 
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Two different cases are distinguished here in the code because the data format principle is that on one line, 445 

there are areas information only about one assessment stage / date for one {land use type; site}: 446 

- When the available data is t1 (data at the “stage 1”): we can predict data on the date of 447 
assessment beginning with the formula 𝑆_𝐿𝑈𝑖(𝑡1) +  𝑦𝑒𝑎𝑟𝑙𝑦 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 ×448 

(𝑡𝑎𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡 𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔  − 𝑡1) 449 

- When the available data is t2 (data at the “stage 2”): we can predict data on the date of 450 
assessment end with the formula𝑆_𝐿𝑈𝑖(𝑡2) +   𝑦𝑒𝑎𝑟𝑙𝑦 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 ×451 

(𝑡𝑎𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡 𝑒𝑛𝑑  − 𝑡2) 452 

If the beginning and end of the assessment was located outside the period for which data are available, the 453 

linear assumption could end up estimating negative surface areas. We thus impose that the time period of 454 

input data at least exceeds the period assessed, i.e. t1 ≤ tassessment end and t2 ≥ tassessment beginning for all {land use 455 

type; site}, as precised in the Assumptions in 2.3C. 456 

D IMPACT EVALUATION 457 

In Step II of Figure 5, the function pressure_LU_evaluator() computes the dynamic MSA.area loss due to 458 

new or expanded land uses at the end of the assessed period, and the static MSA.area loss due to the initial 459 

land uses at the beginning of the assessment period. 460 

2.3.D.1 GLOBIO pressure-impact relationships for refined assessment of the land use pressure 461 

First, MSA values corresponding to each land uses (GLOBIO pressure-impact relationships for the land use 462 

pressure are presented in Figure 2) are retrieved to match to the input land use classes. 463 

2.3.D.2 Dynamic impacts 464 

As a reminder, Erreur ! Source du renvoi introuvable. says:  465 

𝑀𝑆𝐴 𝑑𝑦𝑛𝑎𝑚𝑖𝑐𝐿𝑈
𝑛→𝑛+1 = 𝑆𝑅𝑃 𝐿𝑈

𝑛+1 × (𝑀𝑆𝐴𝑅𝑃
𝑛 − 𝑀𝑆𝐴𝐿𝑈) 466 

MSARP
n , or the average MSA in the restricted perimeter of the disappeared or shrinked land uses (i.e. RPn 467 

in Erreur ! Source du renvoi introuvable.) can be calculated in each site as the average MSA of those land 468 

uses present at the site weighted by their surface variation, i.e.: 469 

 470 
weighted.mean(x = MSA_LU, w = surface_variation_during_assessment, na.rm = TRUE) 471 

 472 

 473 
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The following code bloc shows the formula used for the dynamic impact assessment, based on Erreur ! 474 

Source du renvoi introuvable., where dynamic impacts are only attributed to land uses that have appeared 475 

or expanded (thus their surface_variation_during_assessment > 0): 476 

 477 
mutate(dynamic_MSA_loss_due_to_LU_assessment_end = case_when( 478 
      surface_variation_during_assessment > 0 ~ - (MSA_LU - 479 
MSA_average_restricted_perimeter_assessment_beginning) * 480 
surface_variation_during_assessment, 481 
      surface_variation_during_assessment <= 0 ~ 0)) 482 

Finally the dynamic MSA.area loss are aggregated for each site. 483 

2.3.D.3 Static impacts 484 

The biodiversity static loss is computed for each site, due to previous land uses following Equation 1.: 485 

The part get(area_static_area_column_name, envir = 486 

as.environment(static_pressure_LU_evaluation))) is used to select the column containing the 487 

information about areas occupied by the land uses at the beginning of the evaluation. 488 

mutate(static_MSA_loss_assessment = (1 - MSA_LU) * get(area_static_area_column_name, envir 489 
= as.environment(static_pressure_LU_evaluation))) 490 

 491 

Then the static land uses impacts are aggregated per site.  492 

2.4 Attributing the impact 493 

For the land use pressure, 100% of the impact is attributed to the final land use. For instance in Figure 3, 494 

the impacts are attributed to the intensive and extensive agriculture land uses. 495 

2.5 Example 496 

The GBStoolbox package contains example_pressure_LU_impport.rda. The file is an example of an input 497 

file provided by a fictitious GBS user. The associated Excel file example_pressure_LU_import.xlsx is 498 

provided in appendix. The example contains land use change data for nine sites. 499 

The successive application of pressure_LU_pre_treatment_import(), pressure_LU_pre_treatment(), and 500 

pressure_LU_evaluator() leads to the results displayed in Figure 9 and Figure 10. Site A is the same site 501 

as in Figure 3, except that figures are now expressed in ha instead of m2. 502 

For site A, we find the same results as in section 2.2.A.1: the footprint is 14 MSA.ha for intensive cropland 503 

and 5 MSA.ha for extensive cropland. 504 
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Site D registers gains of biodiversity totaling 24.75 MSA.ha due to a conversion of 55 ha of Intensive 505 

cropland to Forest – Used. Forest – Used is a land use group, and the input file specifies that it should be 506 

split into 20% Forest – Plantation, 50% Forest - Clear-cut harvesting, 10% Forest - Selective logging, and 507 

20% Forest - Reduced impact logging. 508 

 509 

Figure 9: Dynamic impact of the 9 sites of the refined land use assessment example. Source: GBS computation July 510 
2020  511 
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 512 

Figure 10: Static impact of the 9 sites of the refined land use assessment example. Source: GBS computation July 2020  513 

2.6 Limits and future developments 514 

To test the relevance of global land coverage forecast, we compared it to other sources. We 515 

focused on deforestation (i.e. land conversion of natural forest). As one of the most critical topics regarding 516 

biodiversity for land use, historical and projected deforestation are well documented. For historical 517 

deforestation we referred to FAO’s 2015 Forest Resource Assessment (MacDicken et al. 2016) and for 518 

forecast to WWF’s deforestation fronts study (WWF 2019). For both historical and predicted deforestation, 519 

we notice that GLOBIO global estimate is pretty much in-line, but we observe that deforestation for Africa 520 

is over-estimated whereas it is under-estimated for south-east Asia.  521 

We are aware that this is one key area where the GBS default approach needs to be perfected and we 522 
plan for future versions to either correct forecast by integrating historical trends and consensual forecast 523 
data such as WWF’s, or, ideally, switch to satellite-based data as we see strong developments 524 
happening in that area. 525 

Another limit comes from the fact that the GLOBIO-IMAGE scenario has a regional parametrization. 526 

The model is set to predict the land use coverage patterns for those regions. Regions used by GLOBIO-527 

IMAGE (42 total) can be countries or macro-regions composed of several countries. In the latter case, the 528 

model considers the group of countries as one single entity, therefore the projection makes senses at this 529 
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level of analysis but not necessarily at the country level. This limitation is true for every pressure related to 530 

land-use and is particularly important to have in mind for dynamic impacts. For static impact this effect is 531 

tempered by the fact that the starting point for global land coverage is observed data (GLC2000).  532 

In this version we only have an average estimation of the impact. In a later version we will introduce 533 
conservative and optimistic assessments. 534 

 535 

In refined assessments, data must currently be available at dates before and after the assessment period. 536 

This prevents having aberrant area predictions (such as negative areas). 537 

The methodology will be expanded to deal with evaluation outside of the data time period. 538 

The treatment of uncertainties in the refined land use impact assessment will be improved by adding 539 
the untertainty ranges of GLOBIO pressure-impact relationships to our calculations.  540 

3 Fragmentation of natural 541 

habitats and human 542 

encroachment 543 

3.1 Context 544 

A GLOBIO CAUSE-EFFECT RELATIONSHIPS 545 

Species’ populations are positively correlated with habitat size. As natural habitats shrink and are 546 

more and more fragmented due to human activity the functioning of ecosystems is hampered, causing 547 

biodiversity loss. In GLOBIO cause-effect relationships, six datasets on a large sample of species were used 548 

by the PBL to derive the relationship between MSA and patch size, i.e. the effect of fragmentation of natural 549 

habitats. The proportion of species that have a viable population was used as a proxy for MSA (Verboom et 550 

al. 2007). Cause-effect relationship for fragmentation is summarized in Figure 11. 551 
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 552 

Figure 11: MSA values relative to natural patch size (Alkemade R., 2009) 553 

Human encroachment comprises anthropogenic activities in otherwise natural areas. Direct (noise, 554 

pollutions, etc.) and indirect impacts (right of way for hunting, tourism, etc.) are accounted for and an MSA 555 

of 85% is applied within a 10-km zone around man-made areas for all types of biomes based on Benítez-556 

López, Alkemade, and Verweij (2010). The database of peer-reviewed articles on which this rule is based 557 

is not available for this driver. 558 

GLOBIO GBO4 land use types are classified into 2 categories: man-made and non-man-made 559 

(Figure 2). Man-made land use types are urban areas, croplands (intensive, extensive, woody biofuel and 560 

irrigated) and cultivated grazing areas and non-man-made land uses are all the other ones. Man-made land 561 

use types are responsible for fragmentation and encroachment over non-man-made land use types. 562 

B LAND USE 563 

Fragmentation is assumed to be caused by man-made land use types and infrastructures. 564 

Therefore, in the GLOBIO-IMAGE scenario, natural patch size is measured by making an overlay of the 565 

Global Roads Inventory Project (GRIP) infrastructure map and the GLC2000 land-cover map. This overlay 566 

is the starting point for land coverage forecast. For future years, the GLOBIO-IMAGE scenario estimates 567 

the land coverage dynamic but assumes that the infrastructure network is stable. Human encroachment 568 

estimation is based on the same land coverage forecast considering the interfaces between man-made and 569 

non-man-made land use types areas. 570 

3.2 Default assessment 571 

A DIMENSIONING THE IMPACTS 572 

In the GBS, the default assessment of the extent of the impact of the Fragmentation and Encroachment 573 

pressures is not based on a direct cause-effect relationship applied to pressure data. Instead, due to a lack 574 
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of pressure data in appropriate format, we rely on the assessments made in the GLOBIO-IMAGE scenario 575 

to dimension the impacts. 576 

B FRAGMENTATION : PRELIMINARY ALLOCATION 577 

The two causes of fragmentation in the model are man-made land use type areas and 578 

infrastructures. Theoretically, disentangling the individual impact of each is complex. For example, if a 579 

natural forest is surrounded by fields and crossed by a road, what proportion of fragmentation is due to the 580 

fields? What proportion is due to the road? Should we count all fields in the same manner? Because no 581 

solution is completely accurate, in the GBS, the attribution of impacts between the two sources, 582 

infrastructure and man-made land use areas, is deliberately simple. Impacts due to fragmentation are 583 

allocated based on the presence/absence of man-made land use areas and infrastructures close to the 584 

fragmented area. The allocation rule is the following: 585 

- presence of man-made land use type areas without infrastructure: 100% of the fragmentation 586 

impact is split between man-made land use type areas in proportion of their surface,  587 

- presence of infrastructure without man-made land use type areas: 100% of the fragmentation 588 

impact is allocated to infrastructure, 589 

- presence of man-made land use type areas and infrastructure: 50% of the fragmentation is split 590 

between man-made land use type areas in proportion of their surface and 50% is allocated to infrastructure. 591 

Let’s take examples to illustrate this allocation rule. 592 

Country A has the following land use composition: 100 km² of intensive agriculture, 50 km² of 593 

cultivated grazing area, 50 km² of “forestry – selective logging” and 200 km² of natural forest. Total 594 

fragmentation impact (static) for the natural forest is 20 MSA.km². Country A does not have any 595 

infrastructure. The allocation process is as follows:  as there is no infrastructure, impacts are fully allocated 596 

to “man-made” land use types, here intensive agriculture and cultivated grazing areas. The impacts are 597 

allocated in proportion of their respective area; therefore, intensive agriculture gets 100 / 150 * 20 = 12 598 

MSA.km² and cultivated grazing areas 50 / 150 * 20 = 6.7 MSA.km².  599 

Country B has the same land use composition as country A and a road crosses the country. 600 

Fragmentation impact is allocated 50% to the road, and 50% to the man-made land use types in proportion 601 

of their area. Therefore, the road gets 50% * 20 = 10 MSA.km², intensive agriculture gets 50% * 100 / 150 602 

* 20 = 6.7 MSA.km² and cultivated grazing areas get 50% * 50 / 150 * 20 = 3.3 MSA.km². 603 

C IMPLEMENTATION – ATTRIBUTING THE 604 

FRAGMENTATION AND ENCROACHMENT IMPACTS 605 
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 606 

 607 

Figure 12: Computation of the fragmentation and encroachment biodiversity intensities (static and dynamic) 608 

 (STEP 1) First the allocation process between land use and infrastructure for the fragmentation 609 

pressure is done. At the cell level, the rule described in the previous section is applied. The 610 

presence/absence of infrastructure in the cell is estimated by the presence/absence of MSA impacts due 611 

to infrastructure.  612 

 (STEP 2&3) From there, intensities computation for fragmentation due to land use and 613 

encroachment is the same. At the country (or EXIOBASE region level), the following items are computed: 614 

- man-made land-use type area (in km²), 615 

- impacts (static and dynamic) due to fragmentation from land use (in MSA.km²), 616 

- impacts (static and dynamic) encroachment (in MSA.km²). 617 

(STEP 4&5) Intensities (static and dynamic) are computed as the ratio of impact over man-made 618 

land use type area, therefore expressed in MSA.km2/km2.  619 

We do not differentiate land use type or aggregate land use type for fragmentation and 620 

encroachment. The main reason is that the link between land occupation and the associated impact is not 621 

direct for fragmentation or encroachment as it is for land use pressure. Therefore, as illustrated in Figure 622 

13, trying to allocate fragmentation impact at the cell level between the different man-made land use does 623 

not work in many cases. In that example, in year n+1, natural forest is more fragmented leading to a 624 

fragmentation loss in both cell 1 and cell 2 altough only urban area extended in cell 2. Therefore, in this 625 
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example, intensive agriculture area would get a share of the fragmentation loss despite being stable over 626 

time.  627 

 628 

Figure 13: Illustration of non-local dynamic for fragmentation 629 

 For those allocation issues we find it more relevant not to differentiate intensities for the different 630 

land use types as we do not want to introduce an extra layer of modelling uncertainty. 631 

Fragmentation and encroachement intensities are regional scenario-based data. Therefore, they 632 

fall into data quality tier 2. 633 

3.3 Refined assessment 634 

The refined Encroachment and Fragmentation biodiversity pressures evaluations are not implemented in 635 

the GBS for now, both pressures would require detailed spatialized data and eventually heavy geographic 636 

information system (GIS) treatments.  637 

To evaluate the Encroachment impacts, we would ideally need data on all the land use types on a 10 km 638 

radius around the evaluated sites (considered as anthropic disturbing sites), broken down by GLOBIO land 639 

categories (Tier 4). If the data are expressed in another land use class nomenclature and translation to 640 

GLOBIO is needed, the data quality would be tier 3. The “non man-made” land uses (cf. Figure 2) would 641 

get a MSA for encroachment of 85% (meaning loss of 15%) (see the section 3.1A for more details on the 642 

GLOBIO pressure-impact relationship).  643 
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To evaluate the impacts of Fragmentation, we would ideally need data on the areas of non-man-made land 644 

uses by patch size classes in km², to which we would apply the corresponding GLOBIO pressure-impacts 645 

relationships detailed on Figure 11 (Tier 4).  646 

 647 

3.4 Limits and future development 648 

In this GBS version, impacts due to infrastructure are not allocated to any economic activities. A specific 649 
infrastructure work will be conducted to take into account both terrestrial and aquatic infrastructure 650 
impacts by assessing them and splitting them between the various economic and non-economic 651 
activities. 652 

Also, for the allocation between infrastructures and man-made land uses, it would be more precise 653 

to work directly with land cover and infrastructure maps and determine for each fragmented area if it is 654 

crossed by at least one infrastructure. One major limitation for this approach is that the infrastructure map 655 

is stable in the future in the GLOBIO-IMAGE scenario. Another limitation is that we would have to deal with 656 

the allocation problems mentioned in the “preliminary allocation” section. This would lead in any case to 657 

arbitrary choices. 658 

In this version we only have an average estimation of the impact. In later version we will introduce 659 
conservative and optimistic assessments. 660 

 661 

4 Atmospheric nitrogen 662 

deposition on natural 663 

ecosystems 664 

4.1 Context 665 

A GLOBIO CAUSE-EFFECT RELATIONSHIPS 666 
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Adverse effects of nitrogen deposition are observed when nitrogen deposition in ecosystems 667 

exceeds their assimilative capacity, referred to as critical load. Nitrogen deposition originates from 668 

emissions of nitrogen to air (e.g. from croplands fertilization, or fossil fuel combustion). When deposited in 669 

excess on natural habitats, it can lead to eutrophication and acidification5 of ecosystems. In such cases, 670 

species that are better adapted to these conditions become more competitive and may proliferate to the 671 

detriment of others.  672 

To build cause-effect relationship, the PBL selected 22 papers on the experimental addition of 673 

nitrogen to natural systems and its effects on species richness and species diversity. Pressure-impact 674 

relationships were established by the papers’ authors between the yearly amount of added nitrogen in 675 

exceedance of the critical-load and the relative local species richness (considered as a proxy for MSA). The 676 

experimental addition of nitrogen is assumed by the PBL to have effects similar to atmospheric deposition. 677 

 678 

Figure 14: Regression values for MSA for nitrogen exceedance (Alkemade R., 2009) 679 

B GLOBIO-IMAGE SCENARIO DATA 680 

To assess impacts due to eutrophication, the GLOBIO-IMAGE scenario simulates nitrogen deposits 681 

based on agriculture and livestock production data (Alexander Felix Bouwman, Kram, and Klein Goldewijk 682 

2006). Moreover, the PBL drew a map of critical nitrogen loads for the main ecosystems based on a map 683 

of the Earth’s different soils and the sensitivity of ecosystems to added nitrogen (A. F. Bouwman et al. 2002). 684 

The output of this work are global maps for different years representing MSA impacts expressed in 685 

 

 

5 Impacts due to acidification are not included in GBS as  GLOBIO cause-effect relationship focuses only on eutrophication 
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MSA.km². This data is used in the GBS for default assessment when we are not able to assess directly the 686 

exceedance of nitrogen and use the cause-effect relationship.  687 

4.2 Default assessment 688 

A DIMENSIONING THE IMPACTS 689 

As for Fragmentation and Encroachment, in the GBS, the default assessment of the extent of the impact of 690 

the Atmospheric nitrogen deposition pressure is not based on a direct cause-effect relationship applied to 691 

pressure data. Instead, due to a lack of pressure data in appropriate format, we rely on the assessments 692 

made in the GLOBIO-IMAGE scenario to dimension the impacts. 693 

 694 

B ATTRIBUTING THE IMPACTS - CONCEPT 695 

Unlike GHG emissions for climate change, nitrogen emissions’ impact depend on where they 696 

occurred. Depending on their fate, they can be more or less impactful. Ideally, we would like to consider 697 

these specific fates and be able to link emissions to their impacts and therefore have spatially differenciated 698 

impact intensities. This analysis is highly complex has many parameters (hydrology, local climate, 699 

topography…) are at play. For the next GBS version, we are hoping to cooperate with the PBL in order 700 

to get access to the core of the model and in particular to the fate models for N emissions. This way, we 701 

should be able to properly evaluate spatially dependent impact factors for N deposition pressure. In this 702 

version of the GBS we simply compute a global intensity by evaluating the global N compounds emissions 703 

from EDGAR (Janssens-Maenhout et al. 2019) and the associated global impacts from GLOBIO-IMAGE 704 

scenario. 705 

C ATTRIBUTING THE IMPACTS - IMPLEMENTATION 706 
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  707 

 708 

 709 

Figure 15: General layout default assessment for eutrophication impact 710 

To be able to compare emissions from various compounds relative to their contribution to eutrophication 711 

molar masses are used to evaluate the relative weight of nitrogen in a given molecule. For instance, N 712 

relative weight in NH3 is 82.3% (
14

14+3×1
) therefore 1 kg of NH3 is worth 0.823 kg N-equivalent. For NOx we 713 

use NO2 as a reference molecule ((Heijungs et al. 1992))  714 

(STEP1) EDGAR emissions quantities for NOx and NH3 are multiplied by their corresponding N-715 

equivalent ratio as described above and summed up to get the global emission of N-equivalent. 716 

(STEP 2) GLOBIO-IMAGE N-deposition impacts at the cell level are summed up to get a global impact. 717 

Global intensity is simply computed by dividing the global impacts by the global emissions. It is 718 

expressed in MSA.km² per tonne N-equivalent.  719 

Atmospheric nitrogen deposition intensities are modelled outputs at a regional level. Therefore, they fall into 720 

data quality tier 2. 721 

4.3 Refined assessment 722 

The GBS 1.0 does not allow the refined assessment of the impacts related to the pressure atmospheric 723 

nitrogen deposition . Doing so would indeed require spacialized data on exceedance of nitrogen (Tier 4). 724 

and to applying the pressure-impact relationships detailed on 4.1A. Such data is not available for now. 725 

4.4 Limits and future developments 726 

  



 

 

 

 

 34 

GBS REVIEW: TERRESTRIAL PRESSURES ON BIODIVERSITY 

Ideally, we should use the fate model used in IMAGE (to build the GLOBIO-IMAGE scenario) to track 727 
emissions path and link them in more relevant way to their impact. We would then be able to take into 728 
account various bio-physical parameters (weather condition for instance) embedded in the model. 729 
Furthermore, it would be more consistent to use the same fate model that was used to assess the global 730 
impact maps. This is a potential update for next versions of GBS. For the first version we use the simpler 731 
approach based on a global intensity. 732 

 733 

This version of the GBS only provides an average estimation of the impact. In later versions, we will 734 
introduce conservative and optimistic assessments. 735 

 736 

5 Climate change 737 

5.1 GLOBIO cause-effect relationships 738 

Climate change causes shifts in the geographic distribution of biomes and threatens species unable 739 

to adapt. The cause-effect relationships are based on a meta-analysis of studies quantifying the influence 740 

of climate change on the distributions of plant and/or vertebrate species. These studies rely on climate 741 

models to estimate range shifts of many species in relation to projected future climate change, from which 742 

information was derived on the fraction of remaining species (FRS) relative to the original species richness 743 

at a given location (Arets et al., 2014). The FRS were then related to global mean temperature changes 744 

corresponding with the climate scenarios of concern. The FRS equals MSA under the assumption that  745 

• outside the climate envelope relative to a species, the abundance of that species is 746 
zero;  747 

• within the climate envelope, the abundance of a species is not related to climate. 748 
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  749 
Table 2: Cause-effect relationships expressing MSA loss in relation to global mean temperature increase in °C (Arets, 750 
Verwer, and Alkemade 2014; Schipper et al. 2016) 751 

5.2 Default assessment  752 

A DIMENSIONING OF THE IMPACTS - CONCEPT 753 

To assess the dynamic impact of a given GHG emission, we use a two-step approach consisting in 754 

1) identifying the global mean temperature increase (GMTI) generated by this emission and 2) linking the 755 

temperature increase to impacts on biodiversity using GLOBIO cause-effect relationships. 756 

The GBS can assess emissions’ impacts of the six gases covered by the Kyoto Protocol, i.e. carbon 757 

dioxide (CO2), fossil and biogenic methane (CH4), nitrous oxide (N2 O), sulphur hexafluoride (SF6), 758 

hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs). Depending on the context and use, GHG 759 

emissions can be taken from various sources: from company data (refined assessment), from the 760 

environmental extensions of the input-output model EXIOBASE version 3.4, from FAO emission data (e.g. 761 

for crop commodities), from LCA databases (e.g. for transformed products), etc. All GHG emissions are 762 

expressed in CO2-equivalents using Global Warming Potentials (GWPs), considering a time horizon of 100 763 

years in the calculations, consistent with the IPCC ((Stocker 2014), Table 3). The biodiversity loss factor 764 

per kg of CO2-equivalent is calculated according to the two steps of the methodology described above, 765 

namely using the time-integrated absolute global temperature potential of 1 kg CO2 (in °C.year.kg CO2
-1) 766 

combined with the area-integrated global loss in MSA due to the corresponding Global Mean Temperature 767 

Increase or GMTI (in MSA.km².°C-1). The temperature change caused by GHG emissions depends on how 768 

long they are supposed to remain in the atmosphere. The integrated absolute global mean temperature 769 

potential (IAGTP) of CO2 for the 100-year time horizon considered is 4.76.10-14 °C.yr.kg CO2
-1 (Joos et al. 770 

2013). (Arets, Verwer, and Alkemade 2014) report losses in MSA per degree of GMTI for 14 terrestrial 771 
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biomes (Table 2). We thus define the loss in MSA due to climate change across the globe as the weighted 772 

aggregation across the biomes using biome areas6 reported by IMAGE for the year 2010, following (Wilting 773 

and van Oorschot 2017). Simply using the "Overall" MSA.°C-1 factor reported in Table 2 instead of a mean 774 

of the biome factors weighted by biome areas would lead to an impact factor of about 3.29.10-9 MSA.km2/kg 775 

CO2-eq. 776 

Combining the IAGTP and the cause-effect relationship provided by GLOBIO, a “time-integrated 777 

footprint” expressed in MSA.km2.yr could be calculated7. It would amount to evaluate the current and future 778 

impacts caused by the GHG emissions (up to time horizon of 100 years considered here).  779 

Though arguably useful, such a time-integrated footprint would not be consistent with the GBS 780 

approach, which seeks to relate the footprints assessed with biodiversity richness on the field and with the 781 

global average terrestrial biodiversity. These are usually not integrated over time (the GLOBIO model for 782 

instance does not integrate its results over time) and are best understood by non-specialists when 783 

expressed as their value at a given time (for instance global average terrestrial biodiversity stood at about 784 

65% MSA in 2010). Accounting for long-lasting impacts is however undoubtedly necessary and the dynamic 785 

and static footprints framework allows to do so. Whenever additional impacts occur, they are accounted for 786 

as dynamic impacts. By definition, if these impacts persist beyond the period assessed, they are accounted 787 

for as static impacts (see Figure 16). In order to assess the non-time integrated impacts, the IAGTP 788 

(integrated over time) needs to be translated into an actual rise in temperature. A rectangular shape is 789 

assumed for the impulse response function for CO2, i.e. an almost immediate increase of global mean 790 

temperatures in response to the CO2 emission pulse, which then remains stable for 100 years (and beyond, 791 

see Figure 17) 8. Under this hypothesis, the average increase in temperature caused by the GHG emission 792 

during the emission year (and the subsequent 99 years for a time horizon of 100 years) is equal to the 793 

IAGTP divided by the number of years considered. An IAGTP of 4.76.10-14 °C.yr.kg CO2
-1 over 100 years 794 

is equivalent to a global temperature increase of 4.76.10-16 °C.kg CO2
-1. The impact factor thus calculated 795 

is 4.37.10-9 MSA.km2/kg CO2-eq. 796 

 

 

6 Biome area refers to the total terrestrial area of that biome excluding cropland and urban areas. The following areas have 

been calculated by summing up the areas of cells from the GLOBIO-IMAGE scenario for each biome. Ice: 2 269 549 km², 

Tundra: 6 416 065 km², Wooded tundra: 2 394 095 km², Boreal forest: 17 147 840 km², Cool coniferous forest: 2 676 959 

km², Temperate mixed forest: 4 147 544 km², Temperate deciduous forest: 3 408 164 km², Warm mixed forest: 4 764 378 

km², Grassland and steppe: 16 043 172 km², Hot desert: 21 623 633 km², Scrubland: 6 452 856 km², Savanna: 

13 427 554 km², Tropical woodland: 7 323 116 km², Tropical forest: 8 185 654 km², Mediterranean shrub: 1 269 787 km². 
7 Such a time-integrated footprint is the classical approach taken by LCA methodologies. 
8 This is consistent with the impact observed in the MAGICC model on which IMAGE and GLOBIO rely. Indeed, in this 

model, the emission of 1 kg CO2 leads to a rapid temperature increase in the first 5 years and a stabilization over the next 

95 years (Joos et al. 2013). 
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 797 

Figure 16:  Illustration of the difference between the dynamic + static footprints approach and the time-integrated 798 
footprint approach 799 

 800 

Figure 17:  Illustration of the approximation of the impulse response of surface air temperature to a pulse of GHG 801 
emissions by a rectangular shape (schematic) 802 

 803 
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 804 

Table 3: Global Warming Potential of the main GHGs for a time horizon of 100 years*, source: (Stocker, 2014) 805 

B DIMENSIONING OF THE IMPACTS - IMPLEMENTATION 806 

 807 

Figure 18: General layout for climate change terrestrial impact 808 

 The computation of climate change impact can is done is done by a function which design is 809 

summarized in Figure 18. It takes GHG name, and quantity as an input and use the various factors (GWP, 810 

IAGTP, cause-effect relationships and time integration correction) described in the previous section to 811 

compute an impact due to climate change on terrestrial biodiversity expressed in MSA.km². 812 

 In this version we only have an average estimation of the impact. In later version we will introduce 813 

conservative and optimistic assessments. 814 

 The result is a scenario-based model output at global level, therefore falling into data quality tier 1. 815 

C ATTRIBUTING THE IMPACTS 816 

Past emissions generated the static impacts, which are not attributed to any economic activity. 817 

100% of the impacts dimensioned for GHG emitted during the period assessed with the GBS are attributed 818 

to the emission source, as dynamic impacts. 819 
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5.3 Refined assessment 820 

The refined climate change impacts on biodiversity can be computed in the GBS based on GHG emission 821 

data. The possible data format (Scopes, perimeter…) are detailed in the GBS data collection guide (CDC 822 

Biodiversité 2019a). For now, in the GBS, climate change impacts are counted only as dynamic impacts. 823 

Figure 18 explains the computation process.  824 

The GBS enables the computation of the biodiversity impacts of the following gases families: carbon dioxide 825 

(CO2), fossil and biogenic methane (CH4), nitrous oxide (N2O), sulphur hexafluoride (SF6), 826 

hydrofluorocarbons (HFCs) and perfulorocabons (PFCs). The time horizon is either 20 or 100 years.  827 

The function ghg_get_emission_MSA_impact() converts a quantity of emitted GHG (in kg of GHG, no in kg 828 

CO2-eq) to an MSA.area impact, by associating each GHG to its GWP (for CO2-eq conversion, they are 829 

presented in Table 3) at a given time horizon and the corresponding MSA impact factor in MSA.km²/kg CO2-830 

eq. These factors are also used for default assessments. This function can be applied to different ranges of 831 

GHG emissions values depending on the data uncertainties, and therefore lead to different results with the 832 

central, optimistic or pessimistic calculation modesl.The used impact factors are in the data quality tier 1 as 833 

they are based on international default values. 834 

Two other functions are used in other GBS features but not directly for the refined assessment of climate 835 

change: 836 

- The function ghg_get_emission_kg_co2_eq() converts anemitted quantity of Greenhouse effect 837 

gas (GHG) to a quantity of kg CO2-eq, thanks to the Global Warming Potentials (GWP) 838 
presented in Table 3 consistent with the IPCC (Stocker 2014).  839 

- The function ghg_get_emission_temperature_increase() converts an emitted quantity of GHG 840 
(in CO2-eq) into a temperature increase in °C, by applying to the emission in CO2-eq the IAGTP 841 
(Integrated absolute global mean temperature potential in °C/kg CO2-eq) for a time horizon of 842 
20 or 100 years derived from (Joos et al. 2013) and dividing per number of years considered. 843 
The principle is illustrated by Figure 16.  844 

5.4 Limits and future development 845 

For the refined climate change assessment, a function pressure_CC_evaluator() will be built to link and 846 

integrate the features presented in this section to directly use corporate input data and assess dynamic 847 
and static impacts. 848 

 849 
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