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Abstract. The Safe Operating Space for Humanity is not fully characterized by the state values of Planetary Boundaries
because not only does interaction among them matter, but more importantly the perturbation response capacity dimension is
missing. We present a systems dynamics measure of this perturbation response capacity under the Antifragility framework.
Here we define, for the first time, Planetary Antifragility as the changes of shortwave global albedo anomalies for the July
5 months in the northern hemisphere from 1982 to 2010, which shows a net reduction of 47.63%. This loss in Antifragility
implies a compounding problem because human perturbations such as climate or land-use changes are increasing but at the

same time, the planet is losing its capacity to respond to them.

1 Introduction

10 The seminal work "Planetary Boundaries: Exploring the Safe Operating Space for Humanity" by Rockstrém et al. (2009)
identified nine core biogeochemical processes, with Planetary Boundaries (PB) for each, within which the authors expect that
humanity would operate safely.The central idea of their work is that transgressing one or more PB may lead to catastrophic
planetary tipping point most likely incompatible with modern human organization or even with human survival.

Despite PB has been widely accepted, there are some issues that remain open: (a) Although the authors recognize that PB

15 are not interdependent, as transgressing one may both shift the position of other boundaries and cause them to be transgressed,
the individual threshold values of the Planetary Limits (LP) do not establish the true threshold configuration. Then it would
be necessarily to have a metric of the interaction among the whole network of PB.(b) The impacts of transgressing PB will be
a function of the social-ecological resilience the authors say, but as has been raised by Equihua et al. (2020), the concept of
resilience is a special and limited case of Antifragility; (c) finally, anthropic activities may be interpreted as a disturbance of

20 the Earth system, then a threshold to define a Safe Operating Space for Humanity should also include planetary Antifragility.

In their work, Rockstrom and co-workers does recognise that although not all processes or subsystems on Earth have well-

defined thresholds, human actions that undermine the resilience of such processes or subsystems can increase the risk that
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Abstract. The Safe Operating Space for Humanity is not fully characterized by the state values of Planetary Boundaries
because not only does interaction among them matter, but more importantly the perturbation response capacity dimension is
missing. Combining well-established non-equilibrium thermodynamic principles and a system dynamics approach, we define
for the first time the concept of Planetary Antifragility as changes of Fisher information of Earth’s entropy production. As a
first approximation for entropy production, we propose to use shortwave global albedo anomalies and made a first example of
measurement with data for the July months in the northern hemisphere from 1982 to 2010. These preliminary results show a
net reduction of 47.63% on albedo’s Fisher information. This loss of Antifragility implies a compounding problem because
human perturbations such as climate or land-use changes are increasing but at the same time, the planet is losing its capacity

to respond to them.
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1 Introduction

The seminal work "Planetary Boundaries: Exploring the Safe Operating Space for Humanity" (Rockstrom et al.2009) identi-
fied nine core biogeochemical processes with threshold values for each variable called the Planetary Boundaries (PBs) for each
one of them, within which the authors expect that humanity could operate safely. The central idea of their work is that trans-
gressing one or more PBs may lead to a catastrophic planetary tipping point most likely incompatible with the modern human
organization survival. Despite the concept of PBs being widely accepted, there are some issues that remain open: (a) Although
Rockstrom and coworkers (2009) recognize that PB are not interdependent, as transgressing one may both shift the position
of other boundaries and cause them to others to be transgressed, the individual threshold values of the PBs do not establish
the true threshold configuration because it is necessary to have a metric of the interaction among the whole network of PBs;

(b) Rockstrom and co-workers say that impacts of transgressing PBs will be a function of the social-ecological resilience, but
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The curve "curve(0x1)" was removed

The curve "curve(0x1)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x1)" was removed

The curve "curve(1x1)" was removed

The line "line(0x4)" was removed

The line "line(0x4)" was removed

The line "line(0x3)" was removed

The line "line(0x2)" was removed

The line "line(0x2)" was removed

The line "line(0x4)" was removed

The line "line(0x4)" was removed

The line "line(0x4)" was removed

The line "line(0x4)" was removed

The curve "curve(1x1)" was removed

The curve "curve(1x1)" was removed

The curve "curve(1x2)" was removed

The curve "curve(0x1)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x2)" was removed

The line "line(1x3)" was removed

The curve "curve(0x1)" was removed

The curve "curve(0x1)" was removed

The curve "curve(0x1)" was removed

The curve "curve(0x1)" was removed

The curve "curve(0x1)" was removed

The curve "curve(0x1)" was removed

The curve "curve(0x1)" was removed

The line "line(0x3)" was removed

The line "line(0x3)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The line "line(0x2)" was removed

The curve "curve(0x1)" was removed

The curve "curve(1x0)" was removed

The curve "curve(0x1)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x2)" was removed

The curve "curve(0x1)" was removed

The curve "curve(0x1)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x2)" was removed

The curve "curve(1x0)" was removed

The curve "curve(0x1)" was removed

The line "line(1x3)" was removed

The curve "curve(6x1)" was removed

The curve "curve(1x1)" was removed

The curve "curve(0x1)" was removed

The curve "curve(1x1)" was removed

The curve "curve(1x1)" was removed

The curve "curve(1x1)" was removed

The curve "curve(1x1)" was removed

The curve "curve(0x1)" was removed

The image "image(43x15)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x1)" was removed

The line "line(4x2)" was removed

The line "line(1x0)" was removed

The curve "curve(1x1)" was removed

The curve "curve(1x1)" was removed

The curve "curve(1x1)" was removed

The curve "curve(1x0)" was removed

The curve "curve(0x1)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The curve "curve(1x0)" was removed

The line "line(2x0)" was removed

The text "ESD Ideas: Planetary Antifragility: A new dimension in the" has been modified: The location of the text has been changed ( 46.489 : 160.513 ) -> ( 46.488 : 60.282 )

The text "deﬁnition of the Safe Operating Space for Humanity" has been modified: The location of the text has been changed ( 46.489 : 182.431 ) -> ( 46.488 : 82.200 )

The text "Oliver López-Corona1,2" has been modified: The location of the text has been changed ( 46.489 : 209.232 ) -> ( 46.488 : 105.355 )

The text "and" was replaced by ","

The text "Melanie Kolb3" has been modified: The location of the text has been changed ( 182.299 : 209.232 ) -> ( 165.035 : 105.355 )

The text "1Cátedras CONACyT, CONABIO, CDMX, Mexico" has been modified: The location of the text has been changed ( 46.489 : 227.285 ) -> ( 46.488 : 122.826 )

The text "2Centro de Ciencias de la Complejidad (C3),Universidad Nacional Autónoma de México (UNAM), CDMX, Mexico" has been modified: The location of the text has been changed ( 46.489 : 239.282 ) -> ( 46.488 : 134.825 )

The text "3Institute of Geography, Universidad Nacional Autónoma de México (UNAM), CDMX, Mexico" has been modified: The location of the text has been changed ( 46.489 : 251.232 ) -> ( 46.488 : 146.774 )

The text "Correspondence: OLC (lopezoliverx@ciencias.unam.mx)" has been modified: The location of the text has been changed ( 46.489 : 266.855 ) -> ( 46.488 : 198.514 )

The text "Abstract. The Safe Operating Space for Humanity is not fully characterized by the state values of Planetary Boundaries" has been modified: The location of the text has been changed ( 46.489 : 295.548 ) -> ( 46.488 : 227.206 )

The text "because not only does interaction among them matter, but more importantly the perturbation response capacity dimension is" has been modified: The location of the text has been changed ( 46.489 : 312.635 ) -> ( 46.488 : 244.043 )

The text "missing." has been modified: The location of the text has been changed ( 46.489 : 329.372 ) -> ( 46.488 : 260.780 )

The text "We present" was replaced by "Combining well-established non-equilibrium thermodynamic principles and"

The text "a" has been modified: The location of the text has been changed ( 131.609 : 338.622 ) -> ( 389.451 : 267.580 )

The text "systems" was replaced by "system"

The text "dynamics" has been modified: The location of the text has been changed ( 174.130 : 338.622 ) -> ( 426.960 : 267.580 )

The text "measure of this perturbation response capacity under the Antifragility framework. Here" was replaced by "approach,"

The text "we" has been modified: The location of the text has been changed ( 69.184 : 355.359 ) -> ( 509.550 : 267.580 )

The text "deﬁne" has been modified: The location of the text has been changed ( 84.128 : 355.359 ) -> ( 523.876 : 267.580 )

The text "for" has been modified: The location of the text has been changed ( 114.304 : 355.359 ) -> ( 46.488 : 284.317 )

The text "the" has been modified: The location of the text has been changed ( 129.258 : 355.359 ) -> ( 61.113 : 284.317 )

The text "ﬁrst" has been modified: The location of the text has been changed ( 144.770 : 355.359 ) -> ( 76.296 : 284.317 )

The text "time" has been modified: The location of the text has been changed ( 163.599 : 355.359 ) -> ( 94.807 : 284.317 )

The text "," was replaced by "the concept of"

The text "Planetary" has been modified: The location of the text has been changed ( 187.141 : 355.359 ) -> ( 176.022 : 284.317 )

The text "Antifragility" has been modified: The location of the text has been changed ( 228.107 : 355.359 ) -> ( 216.659 : 284.317 )

The text "as" has been modified: The location of the text has been changed ( 281.247 : 355.359 ) -> ( 269.481 : 284.317 )

The text "changes" has been modified: The location of the text has been changed ( 308.396 : 355.359 ) -> ( 280.788 : 284.317 )

The text "of" has been modified: The location of the text has been changed ( 343.823 : 355.359 ) -> ( 315.887 : 284.317 )

The text "shortwave" has been modified: The location of the text has been changed ( 355.449 : 355.359 ) -> ( 294.985 : 301.054 )

The text "global" has been modified: The location of the text has been changed ( 399.284 : 355.359 ) -> ( 338.044 : 301.054 )

The text "albedo" has been modified: The location of the text has been changed ( 427.528 : 355.359 ) -> ( 365.520 : 301.054 )

The text "anomalies" has been modified: The location of the text has been changed ( 457.416 : 355.359 ) -> ( 394.641 : 301.054 )

The text "for" has been modified: The location of the text has been changed ( 501.152 : 355.359 ) -> ( 142.448 : 317.792 )

The text "the" has been modified: The location of the text has been changed ( 516.106 : 355.359 ) -> ( 156.904 : 317.792 )

The text "July" has been modified: The location of the text has been changed ( 531.617 : 355.359 ) -> ( 171.917 : 317.792 )

The text "months" has been modified: The location of the text has been changed ( 46.489 : 372.096 ) -> ( 191.374 : 317.792 )

The text "in" has been modified: The location of the text has been changed ( 79.395 : 372.096 ) -> ( 223.553 : 317.792 )

The text "the" has been modified: The location of the text has been changed ( 90.713 : 372.096 ) -> ( 234.144 : 317.792 )

The text "northern" has been modified: The location of the text has been changed ( 106.464 : 372.096 ) -> ( 249.167 : 317.792 )

The text "hemisphere" has been modified: The location of the text has been changed ( 143.784 : 372.096 ) -> ( 285.760 : 317.792 )

The text "from" has been modified: The location of the text has been changed ( 193.278 : 372.096 ) -> ( 334.527 : 317.792 )

The text "1982" has been modified: The location of the text has been changed ( 216.212 : 372.096 ) -> ( 356.743 : 317.792 )

The text "to" has been modified: The location of the text has been changed ( 239.713 : 372.096 ) -> ( 379.508 : 317.792 )

The text "2010" has been modified: The location of the text has been changed ( 251.031 : 372.096 ) -> ( 390.098 : 317.792 )

The text ", which shows" was replaced by ". These preliminary results show"

The text "a" has been modified: The location of the text has been changed ( 333.163 : 372.096 ) -> ( 543.801 : 317.792 )

The text "net" has been modified: The location of the text has been changed ( 341.153 : 372.096 ) -> ( 46.488 : 334.529 )

The text "reduction" has been modified: The location of the text has been changed ( 356.893 : 372.096 ) -> ( 61.830 : 334.529 )

The text "of" has been modified: The location of the text has been changed ( 398.089 : 372.096 ) -> ( 102.627 : 334.529 )

The text "47.63%" has been modified: The location of the text has been changed ( 409.964 : 372.096 ) -> ( 114.094 : 334.529 )

The text "." has been modified: The location of the text has been changed ( 440.679 : 372.096 ) -> ( 272.599 : 334.529 )

The text "This" has been modified: The location of the text has been changed ( 446.736 : 372.096 ) -> ( 278.258 : 334.529 )

The text "loss" has been modified: The location of the text has been changed ( 468.016 : 372.096 ) -> ( 299.140 : 334.529 )

The text "in" was replaced by "of"

The text "Antifragility" has been modified: The location of the text has been changed ( 498.412 : 372.096 ) -> ( 329.276 : 334.529 )

The text "implies" has been modified: The location of the text has been changed ( 46.489 : 388.834 ) -> ( 382.258 : 334.529 )

The text "a" has been modified: The location of the text has been changed ( 78.987 : 388.834 ) -> ( 414.766 : 334.529 )

The text "compounding" has been modified: The location of the text has been changed ( 86.568 : 388.834 ) -> ( 422.357 : 334.529 )

The text "problem" has been modified: The location of the text has been changed ( 144.521 : 388.834 ) -> ( 480.319 : 334.529 )

The text "because" has been modified: The location of the text has been changed ( 180.884 : 388.834 ) -> ( 516.693 : 334.529 )

The text "human" has been modified: The location of the text has been changed ( 215.574 : 388.834 ) -> ( 46.488 : 351.266 )

The text "perturbations" has been modified: The location of the text has been changed ( 245.860 : 388.834 ) -> ( 76.416 : 351.266 )

The text "such" has been modified: The location of the text has been changed ( 301.591 : 388.834 ) -> ( 131.798 : 351.266 )

The text "as" has been modified: The location of the text has been changed ( 323.011 : 388.834 ) -> ( 152.869 : 351.266 )

The text "climate" has been modified: The location of the text has been changed ( 334.468 : 388.834 ) -> ( 163.977 : 351.266 )

The text "or" has been modified: The location of the text has been changed ( 366.956 : 388.834 ) -> ( 196.116 : 351.266 )

The text "land-use" has been modified: The location of the text has been changed ( 378.413 : 388.834 ) -> ( 207.225 : 351.266 )

The text "changes" has been modified: The location of the text has been changed ( 415.324 : 388.834 ) -> ( 243.787 : 351.266 )

The text "are" has been modified: The location of the text has been changed ( 450.572 : 388.834 ) -> ( 278.686 : 351.266 )

The text "increasing" has been modified: The location of the text has been changed ( 465.894 : 388.834 ) -> ( 293.660 : 351.266 )

The text "but" has been modified: The location of the text has been changed ( 509.999 : 388.834 ) -> ( 337.416 : 351.266 )

The text "at" has been modified: The location of the text has been changed ( 525.700 : 388.834 ) -> ( 352.758 : 351.266 )

The text "the" has been modified: The location of the text has been changed ( 536.051 : 388.834 ) -> ( 362.761 : 351.266 )

The text "same" has been modified: The location of the text has been changed ( 46.489 : 405.571 ) -> ( 377.745 : 351.266 )

The text "time," has been modified: The location of the text has been changed ( 69.453 : 396.321 ) -> ( 401.027 : 344.466 )

The text "the" has been modified: The location of the text has been changed ( 92.148 : 405.571 ) -> ( 424.041 : 351.266 )

The text "planet" has been modified: The location of the text has been changed ( 106.812 : 405.571 ) -> ( 439.024 : 351.266 )

The text "is" has been modified: The location of the text has been changed ( 133.652 : 405.571 ) -> ( 466.183 : 351.266 )

The text "losing" has been modified: The location of the text has been changed ( 142.787 : 405.571 ) -> ( 475.637 : 351.266 )

The text "its" has been modified: The location of the text has been changed ( 169.637 : 405.571 ) -> ( 502.805 : 351.266 )

The text "capacity" has been modified: The location of the text has been changed ( 181.542 : 405.571 ) -> ( 515.029 : 351.266 )

The text "to respond to them." has been modified: The location of the text has been changed ( 217.228 : 396.321 ) -> ( 46.488 : 361.203 )

The text "," was removed

The text "the" was removed

The text "5" was removed

The text "1 Introduction" has been modified: The location of the text has been changed ( 46.489 : 490.649 ) -> ( 46.488 : 452.717 )

The text "The" has been modified: The location of the text has been changed ( 46.489 : 517.349 ) -> ( 46.488 : 479.417 )

The text "seminal" has been modified: The location of the text has been changed ( 65.667 : 517.349 ) -> ( 64.849 : 479.417 )

The text "work" has been modified: The location of the text has been changed ( 100.347 : 517.349 ) -> ( 98.702 : 479.417 )

The text ""Planetary" has been modified: The location of the text has been changed ( 124.416 : 508.099 ) -> ( 121.945 : 472.617 )

The text "Boundaries:" has been modified: The location of the text has been changed ( 169.796 : 508.099 ) -> ( 166.498 : 472.617 )

The text "Exploring" has been modified: The location of the text has been changed ( 221.631 : 517.349 ) -> ( 217.516 : 479.417 )

The text "the" has been modified: The location of the text has been changed ( 265.168 : 517.349 ) -> ( 260.226 : 479.417 )

The text "Safe" has been modified: The location of the text has been changed ( 281.038 : 517.349 ) -> ( 275.269 : 479.417 )

The text "Operating" has been modified: The location of the text has been changed ( 302.428 : 517.349 ) -> ( 295.832 : 479.417 )

The text "Space" has been modified: The location of the text has been changed ( 345.955 : 517.349 ) -> ( 338.542 : 479.417 )

The text "for" has been modified: The location of the text has been changed ( 373.431 : 517.349 ) -> ( 365.192 : 479.417 )

The text "Humanity"" has been modified: The location of the text has been changed ( 388.734 : 508.099 ) -> ( 379.677 : 472.617 )

The text "by" was replaced by "("

The text "Rockström" has been modified: The location of the text has been changed ( 449.994 : 517.349 ) -> ( 429.769 : 479.417 )

The text "et" has been modified: The location of the text has been changed ( 497.406 : 517.349 ) -> ( 476.364 : 479.417 )

The text "al" has been modified: The location of the text has been changed ( 508.285 : 517.349 ) -> ( 486.417 : 479.417 )

The text ". (2009" was replaced by ".2009"

The text ")" has been modified: The location of the text has been changed ( 544.907 : 517.349 ) -> ( 516.025 : 479.417 )

The text "identiﬁed" has been modified: The location of the text has been changed ( 46.489 : 534.086 ) -> ( 522.212 : 479.417 )

The text "nine" has been modified: The location of the text has been changed ( 86.758 : 534.086 ) -> ( 63.664 : 496.154 )

The text "core" has been modified: The location of the text has been changed ( 106.534 : 534.086 ) -> ( 83.061 : 496.154 )

The text "biogeochemical" has been modified: The location of the text has been changed ( 126.309 : 534.086 ) -> ( 102.438 : 496.154 )

The text "processes" has been modified: The location of the text has been changed ( 192.023 : 534.086 ) -> ( 167.753 : 496.154 )

The text "with" has been modified: The location of the text has been changed ( 235.310 : 534.086 ) -> ( 208.161 : 496.154 )

The text "Planetary" has been modified: The location of the text has been changed ( 255.654 : 534.086 ) -> ( 403.717 : 496.154 )

The text "Boundaries" has been modified: The location of the text has been changed ( 295.912 : 534.086 ) -> ( 443.577 : 496.154 )

The text "(" has been modified: The location of the text has been changed ( 343.912 : 534.086 ) -> ( 491.189 : 496.154 )

The text "PB" was replaced by "PBs"

The text ")" has been modified: The location of the text has been changed ( 359.414 : 534.086 ) -> ( 510.566 : 496.154 )

The text "for" has been modified: The location of the text has been changed ( 365.362 : 534.086 ) -> ( 516.115 : 496.154 )

The text "each" has been modified: The location of the text has been changed ( 379.608 : 534.086 ) -> ( 529.973 : 496.154 )

The text "10" was removed

The text "," has been modified: The location of the text has been changed ( 397.860 : 534.086 ) -> ( 94.757 : 512.891 )

The text "within" has been modified: The location of the text has been changed ( 402.970 : 534.086 ) -> ( 100.077 : 512.891 )

The text "which" has been modified: The location of the text has been changed ( 431.065 : 534.086 ) -> ( 128.361 : 512.891 )

The text "the" has been modified: The location of the text has been changed ( 458.044 : 534.086 ) -> ( 155.539 : 512.891 )

The text "authors" has been modified: The location of the text has been changed ( 472.838 : 534.086 ) -> ( 170.542 : 512.891 )

The text "expect" has been modified: The location of the text has been changed ( 504.798 : 534.086 ) -> ( 202.702 : 512.891 )

The text "that" has been modified: The location of the text has been changed ( 533.281 : 534.086 ) -> ( 231.384 : 512.891 )

The text "humanity" has been modified: The location of the text has been changed ( 46.489 : 550.823 ) -> ( 249.157 : 512.891 )

The text "would" was replaced by "could"

The text "operate" has been modified: The location of the text has been changed ( 115.151 : 550.823 ) -> ( 314.582 : 512.891 )

The text "safely.The" was replaced by "safely. The"

The text "central" has been modified: The location of the text has been changed ( 191.813 : 550.823 ) -> ( 393.515 : 512.891 )

The text "idea" has been modified: The location of the text has been changed ( 222.030 : 550.823 ) -> ( 423.453 : 512.891 )

The text "of" has been modified: The location of the text has been changed ( 241.736 : 550.823 ) -> ( 442.870 : 512.891 )

The text "their" has been modified: The location of the text has been changed ( 253.143 : 550.823 ) -> ( 453.998 : 512.891 )

The text "work" has been modified: The location of the text has been changed ( 274.513 : 550.823 ) -> ( 475.089 : 512.891 )

The text "is" has been modified: The location of the text has been changed ( 297.995 : 550.823 ) -> ( 498.292 : 512.891 )

The text "that" has been modified: The location of the text has been changed ( 307.748 : 550.823 ) -> ( 507.766 : 512.891 )

The text "transgressing" was replaced by "trans-"

The text "," was removed

The text "one" has been modified: The location of the text has been changed ( 381.481 : 550.823 ) -> ( 82.224 : 529.628 )

The text "or" has been modified: The location of the text has been changed ( 398.975 : 550.823 ) -> ( 99.130 : 529.628 )

The text "more" has been modified: The location of the text has been changed ( 410.383 : 550.823 ) -> ( 109.960 : 529.628 )

The text "PB" was replaced by "PBs"

The text "may" has been modified: The location of the text has been changed ( 449.257 : 550.823 ) -> ( 151.544 : 529.628 )

The text "lead" has been modified: The location of the text has been changed ( 469.521 : 550.823 ) -> ( 171.230 : 529.628 )

The text "to" has been modified: The location of the text has been changed ( 489.227 : 550.823 ) -> ( 190.358 : 529.628 )

The text "catastrophic" has been modified: The location of the text has been changed ( 500.086 : 550.823 ) -> ( 207.583 : 529.628 )

The text "planetary" has been modified: The location of the text has been changed ( 46.489 : 567.560 ) -> ( 258.253 : 529.628 )

The text "tipping" has been modified: The location of the text has been changed ( 86.050 : 567.560 ) -> ( 297.844 : 529.628 )

The text "point" has been modified: The location of the text has been changed ( 116.775 : 567.560 ) -> ( 328.609 : 529.628 )

The text "most" has been modified: The location of the text has been changed ( 139.749 : 567.560 ) -> ( 351.623 : 529.628 )

The text "likely" has been modified: The location of the text has been changed ( 161.617 : 567.560 ) -> ( 373.520 : 529.628 )

The text "incompatible" has been modified: The location of the text has been changed ( 186.702 : 567.560 ) -> ( 398.646 : 529.628 )

The text "with" has been modified: The location of the text has been changed ( 241.218 : 567.560 ) -> ( 453.201 : 529.628 )

The text "modern" has been modified: The location of the text has been changed ( 261.422 : 567.560 ) -> ( 488.140 : 529.628 )

The text "human" has been modified: The location of the text has been changed ( 294.348 : 567.560 ) -> ( 521.106 : 529.628 )

The text "organization" has been modified: The location of the text has been changed ( 323.957 : 567.560 ) -> ( 46.488 : 546.365 )

The text "survival." has been modified: The location of the text has been changed ( 457.526 : 558.310 ) -> ( 98.463 : 539.565 )

The text "Despite" has been modified: The location of the text has been changed ( 56.452 : 584.298 ) -> ( 134.946 : 546.365 )

The text "PB has been" was replaced by "the concept of PBs being"

The text "widely" has been modified: The location of the text has been changed ( 142.718 : 584.298 ) -> ( 269.431 : 546.365 )

The text "accepted," has been modified: The location of the text has been changed ( 172.725 : 575.048 ) -> ( 298.940 : 539.565 )

The text "there" has been modified: The location of the text has been changed ( 212.954 : 584.298 ) -> ( 338.681 : 546.365 )

The text "are" has been modified: The location of the text has been changed ( 235.759 : 584.298 ) -> ( 360.997 : 546.365 )

The text "some" has been modified: The location of the text has been changed ( 250.812 : 584.298 ) -> ( 375.553 : 546.365 )

The text "issues" has been modified: The location of the text has been changed ( 274.732 : 584.298 ) -> ( 398.985 : 546.365 )

The text "that" has been modified: The location of the text has been changed ( 301.422 : 584.298 ) -> ( 425.186 : 546.365 )

The text "remain" has been modified: The location of the text has been changed ( 319.255 : 584.298 ) -> ( 442.521 : 546.365 )

The text "open:" has been modified: The location of the text has been changed ( 349.810 : 575.048 ) -> ( 472.588 : 539.565 )

The text "(a)" has been modified: The location of the text has been changed ( 374.836 : 575.048 ) -> ( 497.126 : 539.565 )

The text "Although" has been modified: The location of the text has been changed ( 388.784 : 584.298 ) -> ( 510.586 : 546.365 )

The text "or even with human" was removed

The text "the authors" was replaced by "Rockström and coworkers (2009)"

The text "recognize" has been modified: The location of the text has been changed ( 476.594 : 584.298 ) -> ( 184.311 : 563.102 )

The text "that" has been modified: The location of the text has been changed ( 518.208 : 584.298 ) -> ( 226.064 : 563.102 )

The text "PB" has been modified: The location of the text has been changed ( 536.041 : 584.298 ) -> ( 244.026 : 563.102 )

The text "are" has been modified: The location of the text has been changed ( 46.489 : 601.035 ) -> ( 259.239 : 563.102 )

The text "not" has been modified: The location of the text has been changed ( 61.034 : 601.035 ) -> ( 274.432 : 563.102 )

The text "interdependent," has been modified: The location of the text has been changed ( 76.148 : 591.785 ) -> ( 290.193 : 556.302 )

The text "as" has been modified: The location of the text has been changed ( 140.217 : 601.035 ) -> ( 354.910 : 563.102 )

The text "transgressing" has been modified: The location of the text has been changed ( 150.897 : 601.035 ) -> ( 366.238 : 563.102 )

The text "one" has been modified: The location of the text has been changed ( 205.851 : 601.035 ) -> ( 421.839 : 563.102 )

The text "may" has been modified: The location of the text has been changed ( 222.618 : 601.035 ) -> ( 439.254 : 563.102 )

The text "both" has been modified: The location of the text has been changed ( 242.144 : 601.035 ) -> ( 459.428 : 563.102 )

The text "shift" has been modified: The location of the text has been changed ( 262.239 : 601.035 ) -> ( 480.170 : 563.102 )

The text "the" has been modified: The location of the text has been changed ( 282.333 : 601.035 ) -> ( 500.912 : 563.102 )

The text "position" has been modified: The location of the text has been changed ( 296.889 : 601.035 ) -> ( 516.115 : 563.102 )

The text "of" has been modified: The location of the text has been changed ( 331.369 : 601.035 ) -> ( 46.488 : 579.840 )

The text "other" has been modified: The location of the text has been changed ( 342.049 : 601.035 ) -> ( 57.945 : 579.840 )

The text "boundaries" has been modified: The location of the text has been changed ( 364.903 : 601.035 ) -> ( 81.566 : 579.840 )

The text "and" has been modified: The location of the text has been changed ( 411.000 : 601.035 ) -> ( 128.440 : 579.840 )

The text "cause" has been modified: The location of the text has been changed ( 427.767 : 601.035 ) -> ( 145.985 : 579.840 )

The text "them" has been modified: The location of the text has been changed ( 452.265 : 601.035 ) -> ( 171.260 : 579.840 )

The text "to" has been modified: The location of the text has been changed ( 474.572 : 601.035 ) -> ( 194.343 : 579.840 )

The text "be" has been modified: The location of the text has been changed ( 484.704 : 601.035 ) -> ( 243.658 : 579.840 )

The text "transgressed," has been modified: The location of the text has been changed ( 496.489 : 591.785 ) -> ( 256.221 : 573.040 )

The text "the" has been modified: The location of the text has been changed ( 46.489 : 617.772 ) -> ( 311.105 : 579.840 )

The text "individual" has been modified: The location of the text has been changed ( 61.772 : 617.772 ) -> ( 326.437 : 579.840 )

The text "threshold" has been modified: The location of the text has been changed ( 105.039 : 617.772 ) -> ( 369.755 : 579.840 )

The text "values" has been modified: The location of the text has been changed ( 145.228 : 617.772 ) -> ( 409.993 : 579.840 )

The text "of" has been modified: The location of the text has been changed ( 173.552 : 617.772 ) -> ( 438.347 : 579.840 )

The text "the" has been modified: The location of the text has been changed ( 184.959 : 617.772 ) -> ( 449.804 : 579.840 )

The text "Planetary Limits (LP)" was replaced by "PBs"

The text "do" has been modified: The location of the text has been changed ( 291.479 : 617.772 ) -> ( 484.344 : 579.840 )

The text "not" has been modified: The location of the text has been changed ( 304.550 : 617.772 ) -> ( 497.465 : 579.840 )

The text "establish" has been modified: The location of the text has been changed ( 320.400 : 617.772 ) -> ( 513.355 : 579.840 )

The text "the" has been modified: The location of the text has been changed ( 358.378 : 617.772 ) -> ( 46.488 : 596.577 )

The text "true" has been modified: The location of the text has been changed ( 373.660 : 617.772 ) -> ( 61.611 : 596.577 )

The text "threshold" has been modified: The location of the text has been changed ( 392.261 : 617.772 ) -> ( 80.042 : 596.577 )

The text "conﬁguration" has been modified: The location of the text has been changed ( 432.450 : 617.772 ) -> ( 120.072 : 596.577 )

The text "15" was removed

The text ". Then" was replaced by "because"

The text "it" has been modified: The location of the text has been changed ( 514.761 : 617.772 ) -> ( 210.632 : 596.577 )

The text "would be necessarily" was replaced by "is necessary"

The text "to" has been modified: The location of the text has been changed ( 105.268 : 634.509 ) -> ( 270.378 : 596.577 )

The text "have" has been modified: The location of the text has been changed ( 115.580 : 634.509 ) -> ( 281.077 : 596.577 )

The text "a" has been modified: The location of the text has been changed ( 136.591 : 634.509 ) -> ( 302.477 : 596.577 )

The text "metric" has been modified: The location of the text has been changed ( 143.574 : 634.509 ) -> ( 309.849 : 596.577 )

The text "of" has been modified: The location of the text has been changed ( 171.579 : 634.509 ) -> ( 338.253 : 596.577 )

The text "the" has been modified: The location of the text has been changed ( 182.438 : 634.509 ) -> ( 349.501 : 596.577 )

The text "interaction" has been modified: The location of the text has been changed ( 197.163 : 634.509 ) -> ( 364.614 : 596.577 )

The text "among" has been modified: The location of the text has been changed ( 242.334 : 634.509 ) -> ( 410.173 : 596.577 )

The text "the" has been modified: The location of the text has been changed ( 272.002 : 634.509 ) -> ( 440.240 : 596.577 )

The text "whole" has been modified: The location of the text has been changed ( 286.737 : 634.509 ) -> ( 455.353 : 596.577 )

The text "network" has been modified: The location of the text has been changed ( 313.636 : 634.509 ) -> ( 482.651 : 596.577 )

The text "of" has been modified: The location of the text has been changed ( 348.744 : 634.509 ) -> ( 518.147 : 596.577 )

The text "PB." was replaced by "PBs;"

The text "(b)" has been modified: The location of the text has been changed ( 374.268 : 625.259 ) -> ( 46.488 : 606.514 )

The text "The" was replaced by "Rockström and co-workers say that"

The text "impacts" has been modified: The location of the text has been changed ( 406.487 : 634.509 ) -> ( 204.893 : 613.314 )

The text "of" has been modified: The location of the text has been changed ( 440.041 : 634.509 ) -> ( 238.527 : 613.314 )

The text "transgressing" has been modified: The location of the text has been changed ( 450.891 : 634.509 ) -> ( 249.466 : 613.314 )

The text "PB" was replaced by "PBs"

The text "will" has been modified: The location of the text has been changed ( 520.758 : 634.509 ) -> ( 323.379 : 613.314 )

The text "be" has been modified: The location of the text has been changed ( 538.820 : 634.509 ) -> ( 341.521 : 613.314 )

The text "a" has been modified: The location of the text has been changed ( 46.489 : 651.246 ) -> ( 353.565 : 613.314 )

The text "function" has been modified: The location of the text has been changed ( 53.881 : 651.246 ) -> ( 360.629 : 613.314 )

The text "of" has been modified: The location of the text has been changed ( 90.055 : 651.246 ) -> ( 396.484 : 613.314 )

The text "the" has been modified: The location of the text has been changed ( 101.333 : 651.246 ) -> ( 407.423 : 613.314 )

The text "social–ecological" was replaced by "social-ecological"

The text "resilience" has been modified: The location of the text has been changed ( 188.615 : 651.246 ) -> ( 492.384 : 613.314 )

The text "," has been modified: The location of the text has been changed ( 289.845 : 651.246 ) -> ( 530.561 : 613.314 )

The text "but" has been modified: The location of the text has been changed ( 295.305 : 651.246 ) -> ( 535.692 : 613.314 )

The text "the authors say" was removed

The text "as has been raised by Equihua et al. (2020), the concept of resilience is a special and limited case of Antifragility; (c) ﬁnally, anthropic activities may be interpreted as a disturbance of 20 the Earth system, then a threshold to deﬁne a Safe Operating Space for Humanity should also include planetary Antifragility. In their work, Rockström and co-workers does recognise that although not all processes or subsystems on Earth have welldeﬁned  thresholds, human actions that undermine the resilience of such processes or subsystems can increase the risk that" was removed

The text "1" has been modified: The location of the text has been changed ( 294.864 : 748.083 ) -> ( 294.863 : 643.202 )

The text ", Elvia Ramírez-Carrillo4, and Jon Lovett5" was added

The text "ESD Ideas: Planetary Antifragility: A new dimension in the" has been modified: The location of the text has been changed ( 46.489 : 160.513 ) -> ( 46.488 : 60.282 )

The text "deﬁnition of the Safe Operating Space for Humanity" has been modified: The location of the text has been changed ( 46.489 : 182.431 ) -> ( 46.488 : 82.200 )

The text "Oliver López-Corona1,2" has been modified: The location of the text has been changed ( 46.489 : 209.232 ) -> ( 46.488 : 105.355 )

The text "4Centro de Investigación en Biodiversidad y Conservación, Universidad Autónoma del Estado de Morelos,CDMX, Mexico 5School of Geography, University of Leeds, Leeds, LS2 9JT, United Kingdom, Royal Botanic Gardens, Kew, Richmond, Surrey TW9 3AB, United Kingdom" was added

The text "and" was replaced by ","

The text "Melanie Kolb3" has been modified: The location of the text has been changed ( 182.299 : 209.232 ) -> ( 165.035 : 105.355 )

The text "1Cátedras CONACyT, CONABIO, CDMX, Mexico" has been modified: The location of the text has been changed ( 46.489 : 227.285 ) -> ( 46.488 : 122.826 )

The text "2Centro de Ciencias de la Complejidad (C3),Universidad Nacional Autónoma de México (UNAM), CDMX, Mexico" has been modified: The location of the text has been changed ( 46.489 : 239.282 ) -> ( 46.488 : 134.825 )

The text "3Institute of Geography, Universidad Nacional Autónoma de México (UNAM), CDMX, Mexico" has been modified: The location of the text has been changed ( 46.489 : 251.232 ) -> ( 46.488 : 146.774 )

The text "and ERC (elviarc@otrasenda.org)" was added

The text "Correspondence: OLC (lopezoliverx@ciencias.unam.mx)" has been modified: The location of the text has been changed ( 46.489 : 266.855 ) -> ( 46.488 : 198.514 )

The text "Abstract. The Safe Operating Space for Humanity is not fully characterized by the state values of Planetary Boundaries" has been modified: The location of the text has been changed ( 46.489 : 295.548 ) -> ( 46.488 : 227.206 )

The text "because not only does interaction among them matter, but more importantly the perturbation response capacity dimension is" has been modified: The location of the text has been changed ( 46.489 : 312.635 ) -> ( 46.488 : 244.043 )

The text "missing." has been modified: The location of the text has been changed ( 46.489 : 329.372 ) -> ( 46.488 : 260.780 )

The text "Fisher information of Earth"s entropy production. As a 5 ﬁrst approximation for entropy production, we propose to use" was added

The text "and made a ﬁrst example of measurement with data" was added

The text "We present" was replaced by "Combining well-established non-equilibrium thermodynamic principles and"

The text "a" has been modified: The location of the text has been changed ( 131.609 : 338.622 ) -> ( 389.451 : 267.580 )

The text "systems" was replaced by "system"

The text "dynamics" has been modified: The location of the text has been changed ( 174.130 : 338.622 ) -> ( 426.960 : 267.580 )

The text "measure of this perturbation response capacity under the Antifragility framework. Here" was replaced by "approach,"

The text "we" has been modified: The location of the text has been changed ( 69.184 : 355.359 ) -> ( 509.550 : 267.580 )

The text "deﬁne" has been modified: The location of the text has been changed ( 84.128 : 355.359 ) -> ( 523.876 : 267.580 )

The text "for" has been modified: The location of the text has been changed ( 114.304 : 355.359 ) -> ( 46.488 : 284.317 )

The text "the" has been modified: The location of the text has been changed ( 129.258 : 355.359 ) -> ( 61.113 : 284.317 )

The text "ﬁrst" has been modified: The location of the text has been changed ( 144.770 : 355.359 ) -> ( 76.296 : 284.317 )

The text "time" has been modified: The location of the text has been changed ( 163.599 : 355.359 ) -> ( 94.807 : 284.317 )

The text "," was replaced by "the concept of"

The text "Planetary" has been modified: The location of the text has been changed ( 187.141 : 355.359 ) -> ( 176.022 : 284.317 )

The text "Antifragility" has been modified: The location of the text has been changed ( 228.107 : 355.359 ) -> ( 216.659 : 284.317 )

The text "as" has been modified: The location of the text has been changed ( 281.247 : 355.359 ) -> ( 269.481 : 284.317 )

The text "changes" has been modified: The location of the text has been changed ( 308.396 : 355.359 ) -> ( 280.788 : 284.317 )

The text "of" has been modified: The location of the text has been changed ( 343.823 : 355.359 ) -> ( 315.887 : 284.317 )

The text "shortwave" has been modified: The location of the text has been changed ( 355.449 : 355.359 ) -> ( 294.985 : 301.054 )

The text "global" has been modified: The location of the text has been changed ( 399.284 : 355.359 ) -> ( 338.044 : 301.054 )

The text "albedo" has been modified: The location of the text has been changed ( 427.528 : 355.359 ) -> ( 365.520 : 301.054 )

The text "anomalies" has been modified: The location of the text has been changed ( 457.416 : 355.359 ) -> ( 394.641 : 301.054 )

The text "on albedo"s Fisher information" was added

The text "for" has been modified: The location of the text has been changed ( 501.152 : 355.359 ) -> ( 142.448 : 317.792 )

The text "the" has been modified: The location of the text has been changed ( 516.106 : 355.359 ) -> ( 156.904 : 317.792 )

The text "July" has been modified: The location of the text has been changed ( 531.617 : 355.359 ) -> ( 171.917 : 317.792 )

The text "months" has been modified: The location of the text has been changed ( 46.489 : 372.096 ) -> ( 191.374 : 317.792 )

The text "in" has been modified: The location of the text has been changed ( 79.395 : 372.096 ) -> ( 223.553 : 317.792 )

The text "the" has been modified: The location of the text has been changed ( 90.713 : 372.096 ) -> ( 234.144 : 317.792 )

The text "northern" has been modified: The location of the text has been changed ( 106.464 : 372.096 ) -> ( 249.167 : 317.792 )

The text "hemisphere" has been modified: The location of the text has been changed ( 143.784 : 372.096 ) -> ( 285.760 : 317.792 )

The text "from" has been modified: The location of the text has been changed ( 193.278 : 372.096 ) -> ( 334.527 : 317.792 )

The text "1982" has been modified: The location of the text has been changed ( 216.212 : 372.096 ) -> ( 356.743 : 317.792 )

The text "to" has been modified: The location of the text has been changed ( 239.713 : 372.096 ) -> ( 379.508 : 317.792 )

The text "2010" has been modified: The location of the text has been changed ( 251.031 : 372.096 ) -> ( 390.098 : 317.792 )

The text ", which shows" was replaced by ". These preliminary results show"

The text "a" has been modified: The location of the text has been changed ( 333.163 : 372.096 ) -> ( 543.801 : 317.792 )

The text "net" has been modified: The location of the text has been changed ( 341.153 : 372.096 ) -> ( 46.488 : 334.529 )

The text "reduction" has been modified: The location of the text has been changed ( 356.893 : 372.096 ) -> ( 61.830 : 334.529 )

The text "of" has been modified: The location of the text has been changed ( 398.089 : 372.096 ) -> ( 102.627 : 334.529 )

The text "47.63%" has been modified: The location of the text has been changed ( 409.964 : 372.096 ) -> ( 114.094 : 334.529 )

The text "." has been modified: The location of the text has been changed ( 440.679 : 372.096 ) -> ( 272.599 : 334.529 )

The text "This" has been modified: The location of the text has been changed ( 446.736 : 372.096 ) -> ( 278.258 : 334.529 )

The text "loss" has been modified: The location of the text has been changed ( 468.016 : 372.096 ) -> ( 299.140 : 334.529 )

The text "in" was replaced by "of"

The text "Antifragility" has been modified: The location of the text has been changed ( 498.412 : 372.096 ) -> ( 329.276 : 334.529 )

The text "implies" has been modified: The location of the text has been changed ( 46.489 : 388.834 ) -> ( 382.258 : 334.529 )

The text "a" has been modified: The location of the text has been changed ( 78.987 : 388.834 ) -> ( 414.766 : 334.529 )

The text "compounding" has been modified: The location of the text has been changed ( 86.568 : 388.834 ) -> ( 422.357 : 334.529 )

The text "problem" has been modified: The location of the text has been changed ( 144.521 : 388.834 ) -> ( 480.319 : 334.529 )

The text "because" has been modified: The location of the text has been changed ( 180.884 : 388.834 ) -> ( 516.693 : 334.529 )

The text "human" has been modified: The location of the text has been changed ( 215.574 : 388.834 ) -> ( 46.488 : 351.266 )

The text "perturbations" has been modified: The location of the text has been changed ( 245.860 : 388.834 ) -> ( 76.416 : 351.266 )

The text "such" has been modified: The location of the text has been changed ( 301.591 : 388.834 ) -> ( 131.798 : 351.266 )

The text "as" has been modified: The location of the text has been changed ( 323.011 : 388.834 ) -> ( 152.869 : 351.266 )

The text "climate" has been modified: The location of the text has been changed ( 334.468 : 388.834 ) -> ( 163.977 : 351.266 )

The text "or" has been modified: The location of the text has been changed ( 366.956 : 388.834 ) -> ( 196.116 : 351.266 )

The text "land-use" has been modified: The location of the text has been changed ( 378.413 : 388.834 ) -> ( 207.225 : 351.266 )

The text "changes" has been modified: The location of the text has been changed ( 415.324 : 388.834 ) -> ( 243.787 : 351.266 )

The text "are" has been modified: The location of the text has been changed ( 450.572 : 388.834 ) -> ( 278.686 : 351.266 )

The text "increasing" has been modified: The location of the text has been changed ( 465.894 : 388.834 ) -> ( 293.660 : 351.266 )

The text "but" has been modified: The location of the text has been changed ( 509.999 : 388.834 ) -> ( 337.416 : 351.266 )

The text "at" has been modified: The location of the text has been changed ( 525.700 : 388.834 ) -> ( 352.758 : 351.266 )

The text "the" has been modified: The location of the text has been changed ( 536.051 : 388.834 ) -> ( 362.761 : 351.266 )

The text "same" has been modified: The location of the text has been changed ( 46.489 : 405.571 ) -> ( 377.745 : 351.266 )

The text "time," has been modified: The location of the text has been changed ( 69.453 : 396.321 ) -> ( 401.027 : 344.466 )

The text "the" has been modified: The location of the text has been changed ( 92.148 : 405.571 ) -> ( 424.041 : 351.266 )

The text "planet" has been modified: The location of the text has been changed ( 106.812 : 405.571 ) -> ( 439.024 : 351.266 )

The text "is" has been modified: The location of the text has been changed ( 133.652 : 405.571 ) -> ( 466.183 : 351.266 )

The text "losing" has been modified: The location of the text has been changed ( 142.787 : 405.571 ) -> ( 475.637 : 351.266 )

The text "its" has been modified: The location of the text has been changed ( 169.637 : 405.571 ) -> ( 502.805 : 351.266 )

The text "capacity" has been modified: The location of the text has been changed ( 181.542 : 405.571 ) -> ( 515.029 : 351.266 )

The text "to respond to them." has been modified: The location of the text has been changed ( 217.228 : 396.321 ) -> ( 46.488 : 361.203 )

The text "10 Copyright statement. Creative Commons Attribution 4.0 License" was added

The text "1 Introduction" has been modified: The location of the text has been changed ( 46.489 : 490.649 ) -> ( 46.488 : 452.717 )

The text "threshold values for each variable called the" was added

The text "The" has been modified: The location of the text has been changed ( 46.489 : 517.349 ) -> ( 46.488 : 479.417 )

The text "seminal" has been modified: The location of the text has been changed ( 65.667 : 517.349 ) -> ( 64.849 : 479.417 )

The text "work" has been modified: The location of the text has been changed ( 100.347 : 517.349 ) -> ( 98.702 : 479.417 )

The text ""Planetary" has been modified: The location of the text has been changed ( 124.416 : 508.099 ) -> ( 121.945 : 472.617 )

The text "Boundaries:" has been modified: The location of the text has been changed ( 169.796 : 508.099 ) -> ( 166.498 : 472.617 )

The text "Exploring" has been modified: The location of the text has been changed ( 221.631 : 517.349 ) -> ( 217.516 : 479.417 )

The text "the" has been modified: The location of the text has been changed ( 265.168 : 517.349 ) -> ( 260.226 : 479.417 )

The text "Safe" has been modified: The location of the text has been changed ( 281.038 : 517.349 ) -> ( 275.269 : 479.417 )

The text "Operating" has been modified: The location of the text has been changed ( 302.428 : 517.349 ) -> ( 295.832 : 479.417 )

The text "Space" has been modified: The location of the text has been changed ( 345.955 : 517.349 ) -> ( 338.542 : 479.417 )

The text "for" has been modified: The location of the text has been changed ( 373.431 : 517.349 ) -> ( 365.192 : 479.417 )

The text "Humanity"" has been modified: The location of the text has been changed ( 388.734 : 508.099 ) -> ( 379.677 : 472.617 )

The text "by" was replaced by "("

The text "Rockström" has been modified: The location of the text has been changed ( 449.994 : 517.349 ) -> ( 429.769 : 479.417 )

The text "et" has been modified: The location of the text has been changed ( 497.406 : 517.349 ) -> ( 476.364 : 479.417 )

The text "al" has been modified: The location of the text has been changed ( 508.285 : 517.349 ) -> ( 486.417 : 479.417 )

The text ". (2009" was replaced by ".2009"

The text ")" has been modified: The location of the text has been changed ( 544.907 : 517.349 ) -> ( 516.025 : 479.417 )

The text "identiﬁed" has been modified: The location of the text has been changed ( 46.489 : 534.086 ) -> ( 522.212 : 479.417 )

The text "nine" has been modified: The location of the text has been changed ( 86.758 : 534.086 ) -> ( 63.664 : 496.154 )

The text "core" has been modified: The location of the text has been changed ( 106.534 : 534.086 ) -> ( 83.061 : 496.154 )

The text "biogeochemical" has been modified: The location of the text has been changed ( 126.309 : 534.086 ) -> ( 102.438 : 496.154 )

The text "processes" has been modified: The location of the text has been changed ( 192.023 : 534.086 ) -> ( 167.753 : 496.154 )

The text "one of them" was added

The text "with" has been modified: The location of the text has been changed ( 235.310 : 534.086 ) -> ( 208.161 : 496.154 )

The text "Planetary" has been modified: The location of the text has been changed ( 255.654 : 534.086 ) -> ( 403.717 : 496.154 )

The text "Boundaries" has been modified: The location of the text has been changed ( 295.912 : 534.086 ) -> ( 443.577 : 496.154 )

The text "(" has been modified: The location of the text has been changed ( 343.912 : 534.086 ) -> ( 491.189 : 496.154 )

The text "PB" was replaced by "PBs"

The text ")" has been modified: The location of the text has been changed ( 359.414 : 534.086 ) -> ( 510.566 : 496.154 )

The text "for" has been modified: The location of the text has been changed ( 365.362 : 534.086 ) -> ( 516.115 : 496.154 )

The text "each" has been modified: The location of the text has been changed ( 379.608 : 534.086 ) -> ( 529.973 : 496.154 )

The text "," has been modified: The location of the text has been changed ( 397.860 : 534.086 ) -> ( 94.757 : 512.891 )

The text "within" has been modified: The location of the text has been changed ( 402.970 : 534.086 ) -> ( 100.077 : 512.891 )

The text "which" has been modified: The location of the text has been changed ( 431.065 : 534.086 ) -> ( 128.361 : 512.891 )

The text "the" has been modified: The location of the text has been changed ( 458.044 : 534.086 ) -> ( 155.539 : 512.891 )

The text "authors" has been modified: The location of the text has been changed ( 472.838 : 534.086 ) -> ( 170.542 : 512.891 )

The text "expect" has been modified: The location of the text has been changed ( 504.798 : 534.086 ) -> ( 202.702 : 512.891 )

The text "that" has been modified: The location of the text has been changed ( 533.281 : 534.086 ) -> ( 231.384 : 512.891 )

The text "humanity" has been modified: The location of the text has been changed ( 46.489 : 550.823 ) -> ( 249.157 : 512.891 )

The text "a" was added

The text "the" was added

The text "would" was replaced by "could"

The text "operate" has been modified: The location of the text has been changed ( 115.151 : 550.823 ) -> ( 314.582 : 512.891 )

The text "safely.The" was replaced by "safely. The"

The text "central" has been modified: The location of the text has been changed ( 191.813 : 550.823 ) -> ( 393.515 : 512.891 )

The text "idea" has been modified: The location of the text has been changed ( 222.030 : 550.823 ) -> ( 423.453 : 512.891 )

The text "of" has been modified: The location of the text has been changed ( 241.736 : 550.823 ) -> ( 442.870 : 512.891 )

The text "their" has been modified: The location of the text has been changed ( 253.143 : 550.823 ) -> ( 453.998 : 512.891 )

The text "work" has been modified: The location of the text has been changed ( 274.513 : 550.823 ) -> ( 475.089 : 512.891 )

The text "is" has been modified: The location of the text has been changed ( 297.995 : 550.823 ) -> ( 498.292 : 512.891 )

The text "that" has been modified: The location of the text has been changed ( 307.748 : 550.823 ) -> ( 507.766 : 512.891 )

The text "transgressing" was replaced by "trans-"

The text "15 gressing" was added

The text "one" has been modified: The location of the text has been changed ( 381.481 : 550.823 ) -> ( 82.224 : 529.628 )

The text "or" has been modified: The location of the text has been changed ( 398.975 : 550.823 ) -> ( 99.130 : 529.628 )

The text "more" has been modified: The location of the text has been changed ( 410.383 : 550.823 ) -> ( 109.960 : 529.628 )

The text "PB" was replaced by "PBs"

The text "may" has been modified: The location of the text has been changed ( 449.257 : 550.823 ) -> ( 151.544 : 529.628 )

The text "lead" has been modified: The location of the text has been changed ( 469.521 : 550.823 ) -> ( 171.230 : 529.628 )

The text "to" has been modified: The location of the text has been changed ( 489.227 : 550.823 ) -> ( 190.358 : 529.628 )

The text "catastrophic" has been modified: The location of the text has been changed ( 500.086 : 550.823 ) -> ( 207.583 : 529.628 )

The text "planetary" has been modified: The location of the text has been changed ( 46.489 : 567.560 ) -> ( 258.253 : 529.628 )

The text "tipping" has been modified: The location of the text has been changed ( 86.050 : 567.560 ) -> ( 297.844 : 529.628 )

The text "point" has been modified: The location of the text has been changed ( 116.775 : 567.560 ) -> ( 328.609 : 529.628 )

The text "most" has been modified: The location of the text has been changed ( 139.749 : 567.560 ) -> ( 351.623 : 529.628 )

The text "likely" has been modified: The location of the text has been changed ( 161.617 : 567.560 ) -> ( 373.520 : 529.628 )

The text "incompatible" has been modified: The location of the text has been changed ( 186.702 : 567.560 ) -> ( 398.646 : 529.628 )

The text "with" has been modified: The location of the text has been changed ( 241.218 : 567.560 ) -> ( 453.201 : 529.628 )

The text "modern" has been modified: The location of the text has been changed ( 261.422 : 567.560 ) -> ( 488.140 : 529.628 )

The text "human" has been modified: The location of the text has been changed ( 294.348 : 567.560 ) -> ( 521.106 : 529.628 )

The text "organization" has been modified: The location of the text has been changed ( 323.957 : 567.560 ) -> ( 46.488 : 546.365 )

The text "survival." has been modified: The location of the text has been changed ( 457.526 : 558.310 ) -> ( 98.463 : 539.565 )

The text "Despite" has been modified: The location of the text has been changed ( 56.452 : 584.298 ) -> ( 134.946 : 546.365 )

The text "PB has been" was replaced by "the concept of PBs being"

The text "widely" has been modified: The location of the text has been changed ( 142.718 : 584.298 ) -> ( 269.431 : 546.365 )

The text "accepted," has been modified: The location of the text has been changed ( 172.725 : 575.048 ) -> ( 298.940 : 539.565 )

The text "there" has been modified: The location of the text has been changed ( 212.954 : 584.298 ) -> ( 338.681 : 546.365 )

The text "are" has been modified: The location of the text has been changed ( 235.759 : 584.298 ) -> ( 360.997 : 546.365 )

The text "some" has been modified: The location of the text has been changed ( 250.812 : 584.298 ) -> ( 375.553 : 546.365 )

The text "issues" has been modified: The location of the text has been changed ( 274.732 : 584.298 ) -> ( 398.985 : 546.365 )

The text "that" has been modified: The location of the text has been changed ( 301.422 : 584.298 ) -> ( 425.186 : 546.365 )

The text "remain" has been modified: The location of the text has been changed ( 319.255 : 584.298 ) -> ( 442.521 : 546.365 )

The text "open:" has been modified: The location of the text has been changed ( 349.810 : 575.048 ) -> ( 472.588 : 539.565 )

The text "(a)" has been modified: The location of the text has been changed ( 374.836 : 575.048 ) -> ( 497.126 : 539.565 )

The text "Although" has been modified: The location of the text has been changed ( 388.784 : 584.298 ) -> ( 510.586 : 546.365 )

The text "the authors" was replaced by "Rockström and coworkers (2009)"

The text "recognize" has been modified: The location of the text has been changed ( 476.594 : 584.298 ) -> ( 184.311 : 563.102 )

The text "that" has been modified: The location of the text has been changed ( 518.208 : 584.298 ) -> ( 226.064 : 563.102 )

The text "PB" has been modified: The location of the text has been changed ( 536.041 : 584.298 ) -> ( 244.026 : 563.102 )

The text "others to" was added

The text "are" has been modified: The location of the text has been changed ( 46.489 : 601.035 ) -> ( 259.239 : 563.102 )

The text "not" has been modified: The location of the text has been changed ( 61.034 : 601.035 ) -> ( 274.432 : 563.102 )

The text "interdependent," has been modified: The location of the text has been changed ( 76.148 : 591.785 ) -> ( 290.193 : 556.302 )

The text "as" has been modified: The location of the text has been changed ( 140.217 : 601.035 ) -> ( 354.910 : 563.102 )

The text "transgressing" has been modified: The location of the text has been changed ( 150.897 : 601.035 ) -> ( 366.238 : 563.102 )

The text "one" has been modified: The location of the text has been changed ( 205.851 : 601.035 ) -> ( 421.839 : 563.102 )

The text "may" has been modified: The location of the text has been changed ( 222.618 : 601.035 ) -> ( 439.254 : 563.102 )

The text "both" has been modified: The location of the text has been changed ( 242.144 : 601.035 ) -> ( 459.428 : 563.102 )

The text "shift" has been modified: The location of the text has been changed ( 262.239 : 601.035 ) -> ( 480.170 : 563.102 )

The text "the" has been modified: The location of the text has been changed ( 282.333 : 601.035 ) -> ( 500.912 : 563.102 )

The text "position" has been modified: The location of the text has been changed ( 296.889 : 601.035 ) -> ( 516.115 : 563.102 )

The text "of" has been modified: The location of the text has been changed ( 331.369 : 601.035 ) -> ( 46.488 : 579.840 )

The text "other" has been modified: The location of the text has been changed ( 342.049 : 601.035 ) -> ( 57.945 : 579.840 )

The text "boundaries" has been modified: The location of the text has been changed ( 364.903 : 601.035 ) -> ( 81.566 : 579.840 )

The text "and" has been modified: The location of the text has been changed ( 411.000 : 601.035 ) -> ( 128.440 : 579.840 )

The text "cause" has been modified: The location of the text has been changed ( 427.767 : 601.035 ) -> ( 145.985 : 579.840 )

The text "them" has been modified: The location of the text has been changed ( 452.265 : 601.035 ) -> ( 171.260 : 579.840 )

The text "to" has been modified: The location of the text has been changed ( 474.572 : 601.035 ) -> ( 194.343 : 579.840 )

The text "be" has been modified: The location of the text has been changed ( 484.704 : 601.035 ) -> ( 243.658 : 579.840 )

The text "transgressed," has been modified: The location of the text has been changed ( 496.489 : 591.785 ) -> ( 256.221 : 573.040 )

The text "the" has been modified: The location of the text has been changed ( 46.489 : 617.772 ) -> ( 311.105 : 579.840 )

The text "individual" has been modified: The location of the text has been changed ( 61.772 : 617.772 ) -> ( 326.437 : 579.840 )

The text "threshold" has been modified: The location of the text has been changed ( 105.039 : 617.772 ) -> ( 369.755 : 579.840 )

The text "values" has been modified: The location of the text has been changed ( 145.228 : 617.772 ) -> ( 409.993 : 579.840 )

The text "of" has been modified: The location of the text has been changed ( 173.552 : 617.772 ) -> ( 438.347 : 579.840 )

The text "the" has been modified: The location of the text has been changed ( 184.959 : 617.772 ) -> ( 449.804 : 579.840 )

The text "Planetary Limits (LP)" was replaced by "PBs"

The text "do" has been modified: The location of the text has been changed ( 291.479 : 617.772 ) -> ( 484.344 : 579.840 )

The text "not" has been modified: The location of the text has been changed ( 304.550 : 617.772 ) -> ( 497.465 : 579.840 )

The text "establish" has been modified: The location of the text has been changed ( 320.400 : 617.772 ) -> ( 513.355 : 579.840 )

The text "the" has been modified: The location of the text has been changed ( 358.378 : 617.772 ) -> ( 46.488 : 596.577 )

The text "true" has been modified: The location of the text has been changed ( 373.660 : 617.772 ) -> ( 61.611 : 596.577 )

The text "threshold" has been modified: The location of the text has been changed ( 392.261 : 617.772 ) -> ( 80.042 : 596.577 )

The text "conﬁguration" has been modified: The location of the text has been changed ( 432.450 : 617.772 ) -> ( 120.072 : 596.577 )

The text ". Then" was replaced by "because"

The text "it" has been modified: The location of the text has been changed ( 514.761 : 617.772 ) -> ( 210.632 : 596.577 )

The text "would be necessarily" was replaced by "is necessary"

The text "to" has been modified: The location of the text has been changed ( 105.268 : 634.509 ) -> ( 270.378 : 596.577 )

The text "have" has been modified: The location of the text has been changed ( 115.580 : 634.509 ) -> ( 281.077 : 596.577 )

The text "a" has been modified: The location of the text has been changed ( 136.591 : 634.509 ) -> ( 302.477 : 596.577 )

The text "metric" has been modified: The location of the text has been changed ( 143.574 : 634.509 ) -> ( 309.849 : 596.577 )

The text "of" has been modified: The location of the text has been changed ( 171.579 : 634.509 ) -> ( 338.253 : 596.577 )

The text "the" has been modified: The location of the text has been changed ( 182.438 : 634.509 ) -> ( 349.501 : 596.577 )

The text "interaction" has been modified: The location of the text has been changed ( 197.163 : 634.509 ) -> ( 364.614 : 596.577 )

The text "among" has been modified: The location of the text has been changed ( 242.334 : 634.509 ) -> ( 410.173 : 596.577 )

The text "the" has been modified: The location of the text has been changed ( 272.002 : 634.509 ) -> ( 440.240 : 596.577 )

The text "whole" has been modified: The location of the text has been changed ( 286.737 : 634.509 ) -> ( 455.353 : 596.577 )

The text "network" has been modified: The location of the text has been changed ( 313.636 : 634.509 ) -> ( 482.651 : 596.577 )

The text "of" has been modified: The location of the text has been changed ( 348.744 : 634.509 ) -> ( 518.147 : 596.577 )

The text "PB." was replaced by "PBs;"

The text "20" was added

The text "(b)" has been modified: The location of the text has been changed ( 374.268 : 625.259 ) -> ( 46.488 : 606.514 )

The text "The" was replaced by "Rockström and co-workers say that"

The text "impacts" has been modified: The location of the text has been changed ( 406.487 : 634.509 ) -> ( 204.893 : 613.314 )

The text "of" has been modified: The location of the text has been changed ( 440.041 : 634.509 ) -> ( 238.527 : 613.314 )

The text "transgressing" has been modified: The location of the text has been changed ( 450.891 : 634.509 ) -> ( 249.466 : 613.314 )

The text "PB" was replaced by "PBs"

The text "will" has been modified: The location of the text has been changed ( 520.758 : 634.509 ) -> ( 323.379 : 613.314 )

The text "be" has been modified: The location of the text has been changed ( 538.820 : 634.509 ) -> ( 341.521 : 613.314 )

The text "a" has been modified: The location of the text has been changed ( 46.489 : 651.246 ) -> ( 353.565 : 613.314 )

The text "function" has been modified: The location of the text has been changed ( 53.881 : 651.246 ) -> ( 360.629 : 613.314 )

The text "of" has been modified: The location of the text has been changed ( 90.055 : 651.246 ) -> ( 396.484 : 613.314 )

The text "the" has been modified: The location of the text has been changed ( 101.333 : 651.246 ) -> ( 407.423 : 613.314 )

The text "social–ecological" was replaced by "social-ecological"

The text "resilience" has been modified: The location of the text has been changed ( 188.615 : 651.246 ) -> ( 492.384 : 613.314 )

The text "," has been modified: The location of the text has been changed ( 289.845 : 651.246 ) -> ( 530.561 : 613.314 )

The text "but" has been modified: The location of the text has been changed ( 295.305 : 651.246 ) -> ( 535.692 : 613.314 )

The text "1" has been modified: The location of the text has been changed ( 294.864 : 748.083 ) -> ( 294.863 : 643.202 )
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thresholds will also be crossed in other processes, such as the climate system. So resilience is a key concept on PB framework

Nevertheless, recent work (Equihua et al., 2020) has showed that resilience is a special case in the frafility-antifragility
spectrum. It is an intermedate type of response to perturbation near to robustness where the systems tolerate stress and remain
the same. But living systems are undergoing evolutionary processes that require them to do far more than simply endure
perturbations; they most have some features that allow them to not only cope but gain from stressors (up to a point), variability,
and uncertainty. This is simple logic: any system that gain from variability (even by merely random) eventually undergo their
competitors because time is the ultimate source of variability and so the system will accumulate any little gain. So through
processes of learning and adaptation, what we will observe in the present is the predominance of those systems that have
previously gain from environmental variability. This feature is essentially what Taleb called Antifragility (Danchin et al., 2011;
Taleb, 2012)

A formal definition of Antifragility as a non-linear convex response in the payoffs space is found elsewhere (Taleb and
Douady, 2013; Taleb, 2018) and can be summarized as follows.

Let f(z) be a two times continuously differentiable payoff function f(z) with a convexity defined by % > 0 which can be
simplified as § [f(z + Az) + f(z — Az)] > f(=).

Then we can see that a dose increase will have a much higher impact (non-linear) response in f(z) which generalizes to
a linear combination as > a; =1, 0<a; <1 in such a way that Y [a; f(x;)] > f [ (esa;)]. Simplifying the argument,
under the correct conditions we end up with f(nz) > nf(z).

If the payoff function f(z) of the random variable X with support in [a, b] is well behaved and convex; the Jensen’s Inequality

implies that

E(f(x)) = f(E(2)). )

Or as shown in (Taleb and Douady, 2013), the expectation of f under a probability density distribution ¢(z) with support in

[a,b] indexed by the scale o is

Vo3 > 01,80, [f(2)] 2 Bo, [f(2)]; @

which means that we have either a convex dose-response behavior over [a, b] or the expectation increases with the scale of
the distribution.

Given this precise mathematical defiition of Antifragility, the problem at hand is to identify a suitable systemic payoff
function that adequately capture the idea of Planetary Antifragility in the context of an enhanced "Safe Operating Space for
Humanity" that incorporate not only PB alone but also the capacity of the Earth to respond in a convex way to anthropogenic

stressors.
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as has been raised recently (Equihua et al. 2020), the concept of resilience is a special and limited case of Antifragility; (c)
in their work, Rockstrom et al. (2009) do recognize that although not all processes or subsystems on Earth have well-defined
thresholds, human actions that undermine the resilience of such processes or subsystems can increase the risk that thresholds
will also be crossed in other processes, such as the climate system, in that sense the capacity of Earth system to response to
perturbation under resilience concept is a key feature in PBs framework, but resilience is a limited special case of the wider
concept of Antifragility consisting of an intermediate type of response to perturbations near to robustness where the systems
tolerate stress and remain the same.

To emphasize the importance and rationale of switching from resilience to Antifragility, consider that all living systems are
undergoing evolutionary processes that require them to do far more than simply endure perturbations; they must have some
features that allow them to not only cope but gain (up to a point) from perturbations, stressors, variability, and uncertainty.
This is simple logic: any system that gains from variability (even by mere randomness) eventually will undergo its competitors
because time is the ultimate source of variability and so the system will accumulate any little gain.

So through evolutionary processes, what we will observe in the present is the predominance of those systems that have
previously gained from environmental variability and perturbations. This feature is what Taleb called Antifragility (Danchin et
al., 2011; Taleb, 2012) has a formal definition as a non-linear response in the payoffs space and can be summarized as follows
(Taleb and Douady, 2013; Taleb, 2018):

Let f(z) be a two times continuously differentiable payoff function f(x) with a convexity defined as usual by its second
derivative g—iﬁf > 0 which can be simplified without loss of generality as 3 [f(z + Az) + f(z — Az)] > f(x).

From this, we can see that as the dose increases there will be a much higher impact (non-linear) response in f(z) which
generalizes to a linear combination as ) a; =1, 0< oy <1insuchaway that } [ov; f(2;)] > f[>(cuiz;)]. Then under the
correct conditions we may simplify the argument to f(nz) > n f(z), which implies that the payoff function f(z) of the random

variable X with support in [a,b] we will satisfy the Jensen’s Inequality and then

E(f(2)) 2 f(E(z)). M

Or as shown in previous work (Taleb and Douady, 2013), the expectation of f under a probability density distribution ¢(x)
with support in [a, b] indexed by the scale o is

Vos > 01,Eo, [£(2)] > Eoy [f(@)]; @

which means that we have either a convex dose-response behavior over [a, b] or the expectation increases with the scale of
the distribution.
Given this precise mathematical definition of antifragility, the problem at hand is to identify a suitable systemic payoff

function that adequately captures the idea of Planetary Antifragility in the context of an enhanced "Safe Operating Space
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The text "thresholds" has been modified: The location of the text has been changed ( 46.489 : 143.191 ) -> ( 46.488 : 71.784 )

The text "will" has been modified: The location of the text has been changed ( 89.946 : 143.191 ) -> ( 46.488 : 88.521 )

The text "also" has been modified: The location of the text has been changed ( 107.938 : 143.191 ) -> ( 64.999 : 88.521 )

The text "be" has been modified: The location of the text has been changed ( 126.489 : 143.191 ) -> ( 84.057 : 88.521 )

The text "crossed" has been modified: The location of the text has been changed ( 138.384 : 143.191 ) -> ( 96.470 : 88.521 )

The text "in" has been modified: The location of the text has been changed ( 170.762 : 143.191 ) -> ( 129.357 : 88.521 )

The text "other" has been modified: The location of the text has been changed ( 181.014 : 143.191 ) -> ( 140.127 : 88.521 )

The text "processes," has been modified: The location of the text has been changed ( 203.978 : 133.941 ) -> ( 163.608 : 81.721 )

The text "such" has been modified: The location of the text has been changed ( 247.146 : 143.191 ) -> ( 207.284 : 88.521 )

The text "as" has been modified: The location of the text has been changed ( 267.898 : 143.191 ) -> ( 228.555 : 88.521 )

The text "the" has been modified: The location of the text has been changed ( 278.697 : 143.191 ) -> ( 239.862 : 88.521 )

The text "climate" has been modified: The location of the text has been changed ( 293.372 : 143.191 ) -> ( 255.045 : 88.521 )

The text "system" has been modified: The location of the text has been changed ( 325.192 : 143.191 ) -> ( 287.384 : 88.521 )

The text ". So" was replaced by ", in that sense the capacity of Earth system to response to"

The text "resilience" has been modified: The location of the text has been changed ( 370.871 : 143.191 ) -> ( 123.937 : 105.258 )

The text "is" has been modified: The location of the text has been changed ( 411.548 : 143.191 ) -> ( 199.165 : 105.258 )

The text "a" has been modified: The location of the text has been changed ( 420.694 : 143.191 ) -> ( 208.849 : 105.258 )

The text "key" has been modified: The location of the text has been changed ( 427.608 : 143.191 ) -> ( 216.301 : 105.258 )

The text "concept on PB" was replaced by "feature in PBs"

The text "framework" has been modified: The location of the text has been changed ( 504.868 : 143.191 ) -> ( 294.049 : 105.258 )

The text "," has been modified: The location of the text has been changed ( 226.274 : 176.665 ) -> ( 337.406 : 105.258 )

The text "2020) has showed that" was replaced by "but"

The text "resilience" has been modified: The location of the text has been changed ( 328.570 : 176.665 ) -> ( 358.497 : 105.258 )

The text "is" has been modified: The location of the text has been changed ( 370.383 : 176.665 ) -> ( 399.712 : 105.258 )

The text "a" has been modified: The location of the text has been changed ( 380.655 : 176.665 ) -> ( 409.386 : 105.258 )

The text "special" has been modified: The location of the text has been changed ( 388.714 : 176.665 ) -> ( 448.110 : 105.258 )

The text "case" has been modified: The location of the text has been changed ( 420.007 : 176.665 ) -> ( 478.815 : 105.258 )

The text "in" was replaced by "of"

The text "the" has been modified: The location of the text has been changed ( 452.166 : 176.665 ) -> ( 510.327 : 105.258 )

The text "fraﬁlity-antifragility spectrum. It is" was replaced by "wider concept of Antifragility consisting of"

The text "an" has been modified: The location of the text has been changed ( 105.796 : 193.402 ) -> ( 198.776 : 121.995 )

The text "intermedate" was replaced by "intermediate"

The text "type" has been modified: The location of the text has been changed ( 167.275 : 193.402 ) -> ( 263.782 : 121.995 )

The text "of" has been modified: The location of the text has been changed ( 186.952 : 193.402 ) -> ( 283.837 : 121.995 )

The text "response" has been modified: The location of the text has been changed ( 197.771 : 193.402 ) -> ( 295.035 : 121.995 )

The text "to" has been modified: The location of the text has been changed ( 235.151 : 193.402 ) -> ( 332.793 : 121.995 )

The text "perturbation" was replaced by "perturbations"

The text "near" has been modified: The location of the text has been changed ( 296.640 : 193.402 ) -> ( 398.905 : 121.995 )

The text "to" has been modified: The location of the text has been changed ( 316.306 : 193.402 ) -> ( 418.950 : 121.995 )

The text "robustness" has been modified: The location of the text has been changed ( 326.577 : 193.402 ) -> ( 429.600 : 121.995 )

The text "where" has been modified: The location of the text has been changed ( 370.961 : 193.402 ) -> ( 474.362 : 121.995 )

The text "the" has been modified: The location of the text has been changed ( 397.820 : 193.402 ) -> ( 501.600 : 121.995 )

The text "systems" has been modified: The location of the text has been changed ( 412.525 : 193.402 ) -> ( 516.673 : 121.995 )

The text "tolerate" has been modified: The location of the text has been changed ( 446.597 : 193.402 ) -> ( 46.488 : 138.732 )

The text "stress" has been modified: The location of the text has been changed ( 478.995 : 193.402 ) -> ( 78.857 : 138.732 )

The text "and" has been modified: The location of the text has been changed ( 503.652 : 193.402 ) -> ( 103.484 : 138.732 )

The text "remain" has been modified: The location of the text has been changed ( 520.559 : 193.402 ) -> ( 120.361 : 138.732 )

The text "the" has been modified: The location of the text has been changed ( 46.489 : 210.139 ) -> ( 150.518 : 138.732 )

The text "same." has been modified: The location of the text has been changed ( 62.469 : 200.889 ) -> ( 165.182 : 131.932 )

The text ". 25 Nevertheless, recent work (Equihua et al." was removed

The text "But" was replaced by "To emphasize the importance and rationale of switching from resilience to Antifragility, consider that all"

The text "living" has been modified: The location of the text has been changed ( 107.450 : 210.139 ) -> ( 476.345 : 155.469 )

The text "systems" has been modified: The location of the text has been changed ( 134.259 : 210.139 ) -> ( 501.929 : 155.469 )

The text "are" has been modified: The location of the text has been changed ( 169.627 : 210.139 ) -> ( 536.061 : 155.469 )

The text "undergoing" has been modified: The location of the text has been changed ( 185.597 : 210.139 ) -> ( 46.488 : 172.206 )

The text "evolutionary" has been modified: The location of the text has been changed ( 234.613 : 210.139 ) -> ( 94.847 : 172.206 )

The text "processes" has been modified: The location of the text has been changed ( 288.331 : 210.139 ) -> ( 147.907 : 172.206 )

The text "that" has been modified: The location of the text has been changed ( 330.313 : 210.139 ) -> ( 189.242 : 172.206 )

The text "require" has been modified: The location of the text has been changed ( 349.073 : 210.139 ) -> ( 207.334 : 172.206 )

The text "them" has been modified: The location of the text has been changed ( 381.093 : 210.139 ) -> ( 238.706 : 172.206 )

The text "to" has been modified: The location of the text has been changed ( 404.823 : 210.139 ) -> ( 261.780 : 172.206 )

The text "do" has been modified: The location of the text has been changed ( 416.390 : 210.139 ) -> ( 272.689 : 172.206 )

The text "far" has been modified: The location of the text has been changed ( 430.158 : 210.139 ) -> ( 285.800 : 172.206 )

The text "more" has been modified: The location of the text has been changed ( 444.933 : 210.139 ) -> ( 299.917 : 172.206 )

The text "than" has been modified: The location of the text has been changed ( 469.212 : 210.139 ) -> ( 323.538 : 172.206 )

The text "simply" has been modified: The location of the text has been changed ( 490.173 : 210.139 ) -> ( 343.852 : 172.206 )

The text "endure" has been modified: The location of the text has been changed ( 521.117 : 210.139 ) -> ( 374.128 : 172.206 )

The text "perturbations;" has been modified: The location of the text has been changed ( 46.489 : 217.626 ) -> ( 404.394 : 165.406 )

The text "they" has been modified: The location of the text has been changed ( 104.103 : 226.876 ) -> ( 462.885 : 172.206 )

The text "most" was replaced by "must"

The text "have" has been modified: The location of the text has been changed ( 145.019 : 226.876 ) -> ( 505.575 : 172.206 )

The text "some" has been modified: The location of the text has been changed ( 165.741 : 226.876 ) -> ( 527.193 : 172.206 )

The text "features" has been modified: The location of the text has been changed ( 189.044 : 226.876 ) -> ( 46.488 : 188.944 )

The text "that" has been modified: The location of the text has been changed ( 222.837 : 226.876 ) -> ( 81.317 : 188.944 )

The text "allow" has been modified: The location of the text has been changed ( 240.052 : 226.876 ) -> ( 99.569 : 188.944 )

The text "them" has been modified: The location of the text has been changed ( 264.202 : 226.876 ) -> ( 124.754 : 188.944 )

The text "to" has been modified: The location of the text has been changed ( 286.398 : 226.876 ) -> ( 147.977 : 188.944 )

The text "not" has been modified: The location of the text has been changed ( 296.421 : 226.876 ) -> ( 159.026 : 188.944 )

The text "only" has been modified: The location of the text has been changed ( 311.414 : 226.876 ) -> ( 175.065 : 188.944 )

The text "cope" has been modified: The location of the text has been changed ( 331.399 : 226.876 ) -> ( 196.077 : 188.944 )

The text "but" has been modified: The location of the text has been changed ( 352.470 : 226.876 ) -> ( 218.184 : 188.944 )

The text "gain" has been modified: The location of the text has been changed ( 367.274 : 226.876 ) -> ( 234.024 : 188.944 )

The text "(up" has been modified: The location of the text has been changed ( 444.853 : 217.626 ) -> ( 254.427 : 182.144 )

The text "to" has been modified: The location of the text has been changed ( 460.405 : 226.876 ) -> ( 271.005 : 188.944 )

The text "a" has been modified: The location of the text has been changed ( 470.427 : 226.876 ) -> ( 282.064 : 188.944 )

The text "point)" has been modified: The location of the text has been changed ( 477.112 : 217.626 ) -> ( 289.785 : 182.144 )

The text "," has been modified: The location of the text has been changed ( 500.913 : 226.876 ) -> ( 392.121 : 188.944 )

The text "variability," has been modified: The location of the text has been changed ( 505.675 : 217.626 ) -> ( 438.018 : 182.144 )

The text "and" has been modified: The location of the text has been changed ( 46.489 : 243.613 ) -> ( 483.866 : 188.944 )

The text "uncertainty." has been modified: The location of the text has been changed ( 63.545 : 234.363 ) -> ( 501.560 : 182.144 )

The text "This" has been modified: The location of the text has been changed ( 112.880 : 243.613 ) -> ( 46.488 : 205.681 )

The text "is" has been modified: The location of the text has been changed ( 133.263 : 243.613 ) -> ( 66.543 : 205.681 )

The text "simple" has been modified: The location of the text has been changed ( 142.578 : 243.613 ) -> ( 75.529 : 205.681 )

The text "logic:" has been modified: The location of the text has been changed ( 171.818 : 234.363 ) -> ( 104.441 : 198.881 )

The text "any" has been modified: The location of the text has been changed ( 197.193 : 243.613 ) -> ( 129.477 : 205.681 )

The text "system" has been modified: The location of the text has been changed ( 214.100 : 243.613 ) -> ( 146.054 : 205.681 )

The text "that" has been modified: The location of the text has been changed ( 244.446 : 243.613 ) -> ( 176.072 : 205.681 )

The text "gain" was replaced by "gains"

The text "from" has been modified: The location of the text has been changed ( 281.835 : 243.613 ) -> ( 216.679 : 205.681 )

The text "variability" has been modified: The location of the text has been changed ( 303.873 : 243.613 ) -> ( 238.388 : 205.681 )

The text "(even" has been modified: The location of the text has been changed ( 347.250 : 234.363 ) -> ( 281.436 : 198.881 )

The text "by" has been modified: The location of the text has been changed ( 371.648 : 243.613 ) -> ( 305.506 : 205.681 )

The text "merely random" was replaced by "mere randomness"

The text ")" has been modified: The location of the text has been changed ( 445.052 : 243.613 ) -> ( 387.657 : 205.681 )

The text "eventually" has been modified: The location of the text has been changed ( 451.040 : 243.613 ) -> ( 393.316 : 205.681 )

The text "undergo" has been modified: The location of the text has been changed ( 494.826 : 243.613 ) -> ( 454.616 : 205.681 )

The text "their 30" was removed

The text "from stressors" was removed

The text "competitors" has been modified: The location of the text has been changed ( 46.489 : 260.350 ) -> ( 501.181 : 205.681 )

The text "because" has been modified: The location of the text has been changed ( 96.760 : 260.350 ) -> ( 46.488 : 222.418 )

The text "time" has been modified: The location of the text has been changed ( 131.520 : 260.350 ) -> ( 80.510 : 222.418 )

The text "is" has been modified: The location of the text has been changed ( 152.471 : 260.350 ) -> ( 100.715 : 222.418 )

The text "the" has been modified: The location of the text has been changed ( 162.344 : 260.350 ) -> ( 109.850 : 222.418 )

The text "ultimate" has been modified: The location of the text has been changed ( 177.746 : 260.350 ) -> ( 124.515 : 222.418 )

The text "source" has been modified: The location of the text has been changed ( 213.631 : 260.350 ) -> ( 159.663 : 222.418 )

The text "of" has been modified: The location of the text has been changed ( 242.872 : 260.350 ) -> ( 188.156 : 222.418 )

The text "variability" has been modified: The location of the text has been changed ( 254.398 : 260.350 ) -> ( 198.946 : 222.418 )

The text "and" has been modified: The location of the text has been changed ( 298.333 : 260.350 ) -> ( 242.144 : 222.418 )

The text "so" has been modified: The location of the text has been changed ( 315.947 : 260.350 ) -> ( 259.020 : 222.418 )

The text "the" has been modified: The location of the text has been changed ( 328.042 : 260.350 ) -> ( 270.368 : 222.418 )

The text "system" has been modified: The location of the text has been changed ( 343.444 : 260.350 ) -> ( 285.033 : 222.418 )

The text "will" has been modified: The location of the text has been changed ( 374.348 : 260.350 ) -> ( 315.199 : 222.418 )

The text "accumulate" has been modified: The location of the text has been changed ( 393.078 : 260.350 ) -> ( 333.192 : 222.418 )

The text "any" has been modified: The location of the text has been changed ( 441.685 : 260.350 ) -> ( 381.052 : 222.418 )

The text "little" has been modified: The location of the text has been changed ( 459.150 : 260.350 ) -> ( 397.779 : 222.418 )

The text "gain." has been modified: The location of the text has been changed ( 480.649 : 251.100 ) -> ( 418.541 : 215.618 )

The text "So" has been modified: The location of the text has been changed ( 503.473 : 260.350 ) -> ( 56.451 : 239.155 )

The text "through" has been modified: The location of the text has been changed ( 517.231 : 260.350 ) -> ( 70.538 : 239.155 )

The text "processes" has been modified: The location of the text has been changed ( 46.489 : 277.087 ) -> ( 158.568 : 239.155 )

The text "," has been modified: The location of the text has been changed ( 195.958 : 277.087 ) -> ( 196.744 : 239.155 )

The text "what" has been modified: The location of the text has been changed ( 202.065 : 277.087 ) -> ( 202.792 : 239.155 )

The text "we" has been modified: The location of the text has been changed ( 225.049 : 277.087 ) -> ( 225.726 : 239.155 )

The text "will" has been modified: The location of the text has been changed ( 240.271 : 277.087 ) -> ( 240.899 : 239.155 )

The text "observe" has been modified: The location of the text has been changed ( 259.390 : 277.087 ) -> ( 259.967 : 239.155 )

The text "in" has been modified: The location of the text has been changed ( 293.840 : 277.087 ) -> ( 294.358 : 239.155 )

The text "the" has been modified: The location of the text has been changed ( 305.208 : 277.087 ) -> ( 305.675 : 239.155 )

The text "present" has been modified: The location of the text has been changed ( 320.988 : 277.087 ) -> ( 321.406 : 239.155 )

The text "is" has been modified: The location of the text has been changed ( 353.377 : 277.087 ) -> ( 353.745 : 239.155 )

The text "the" has been modified: The location of the text has been changed ( 363.638 : 277.087 ) -> ( 363.947 : 239.155 )

The text "predominance" has been modified: The location of the text has been changed ( 379.429 : 277.087 ) -> ( 379.688 : 239.155 )

The text "of" has been modified: The location of the text has been changed ( 439.483 : 277.087 ) -> ( 439.682 : 239.155 )

The text "those" has been modified: The location of the text has been changed ( 451.389 : 277.087 ) -> ( 451.548 : 239.155 )

The text "systems" has been modified: The location of the text has been changed ( 476.036 : 277.087 ) -> ( 476.146 : 239.155 )

The text "that" has been modified: The location of the text has been changed ( 511.204 : 277.087 ) -> ( 511.254 : 239.155 )

The text "have" has been modified: The location of the text has been changed ( 529.764 : 277.087 ) -> ( 529.764 : 239.155 )

The text "previously" has been modified: The location of the text has been changed ( 46.489 : 293.825 ) -> ( 46.488 : 255.892 )

The text "gain" was replaced by "gained"

The text "from" has been modified: The location of the text has been changed ( 109.871 : 293.825 ) -> ( 119.554 : 255.892 )

The text "environmental" has been modified: The location of the text has been changed ( 131.460 : 293.825 ) -> ( 141.302 : 255.892 )

The text "variability" has been modified: The location of the text has been changed ( 190.847 : 293.825 ) -> ( 200.829 : 255.892 )

The text "." has been modified: The location of the text has been changed ( 230.907 : 293.825 ) -> ( 313.237 : 255.892 )

The text "This" has been modified: The location of the text has been changed ( 235.629 : 293.825 ) -> ( 318.098 : 255.892 )

The text "feature" has been modified: The location of the text has been changed ( 255.574 : 293.825 ) -> ( 338.183 : 255.892 )

The text "is" has been modified: The location of the text has been changed ( 285.462 : 293.825 ) -> ( 368.220 : 255.892 )

The text "what" has been modified: The location of the text has been changed ( 338.622 : 293.825 ) -> ( 377.236 : 255.892 )

The text "Taleb" has been modified: The location of the text has been changed ( 360.221 : 293.825 ) -> ( 398.975 : 255.892 )

The text "called" has been modified: The location of the text has been changed ( 384.340 : 293.825 ) -> ( 423.234 : 255.892 )

The text "Antifragility" has been modified: The location of the text has been changed ( 410.353 : 293.825 ) -> ( 449.396 : 255.892 )

The text "(Danchin" has been modified: The location of the text has been changed ( 462.397 : 284.575 ) -> ( 501.580 : 249.092 )

The text "et" has been modified: The location of the text has been changed ( 501.700 : 293.825 ) -> ( 541.032 : 255.892 )

The text "of learning and adaptation" was removed

The text "al.," has been modified: The location of the text has been changed ( 511.124 : 284.575 ) -> ( 46.488 : 265.829 )

The text "2011;" has been modified: The location of the text has been changed ( 525.530 : 284.575 ) -> ( 61.153 : 265.829 )

The text "Taleb, 2012)" has been modified: The location of the text has been changed ( 46.489 : 301.312 ) -> ( 86.338 : 265.829 )

The text "essentially" was removed

The text "A" was replaced by "has a"

The text "formal" has been modified: The location of the text has been changed ( 67.222 : 327.299 ) -> ( 161.636 : 272.629 )

The text "deﬁnition" has been modified: The location of the text has been changed ( 97.358 : 327.299 ) -> ( 190.687 : 272.629 )

The text "as" has been modified: The location of the text has been changed ( 204.386 : 327.299 ) -> ( 231.374 : 272.629 )

The text "a" has been modified: The location of the text has been changed ( 216.262 : 327.299 ) -> ( 242.163 : 272.629 )

The text "non-linear" has been modified: The location of the text has been changed ( 224.262 : 327.299 ) -> ( 249.078 : 272.629 )

The text "response" has been modified: The location of the text has been changed ( 300.436 : 327.299 ) -> ( 292.514 : 272.629 )

The text "in" has been modified: The location of the text has been changed ( 338.872 : 327.299 ) -> ( 329.864 : 272.629 )

The text "the" has been modified: The location of the text has been changed ( 350.199 : 327.299 ) -> ( 340.106 : 272.629 )

The text "payoffs" has been modified: The location of the text has been changed ( 365.950 : 327.299 ) -> ( 354.771 : 272.629 )

The text "space" has been modified: The location of the text has been changed ( 399.155 : 327.299 ) -> ( 386.890 : 272.629 )

The text "is found elsewhere" was replaced by "and can be summarized as follows"

The text "(Taleb" has been modified: The location of the text has been changed ( 505.058 : 318.049 ) -> ( 46.488 : 282.567 )

The text "and" has been modified: The location of the text has been changed ( 533.839 : 327.299 ) -> ( 74.184 : 289.367 )

The text "Douady" has been modified: The location of the text has been changed ( 46.489 : 344.036 ) -> ( 91.061 : 289.367 )

The text ", 2013; Taleb, 2018)" has been modified: The location of the text has been changed ( 78.031 : 334.786 ) -> ( 121.955 : 282.567 )

The text "and can be summarized as follows. ∂2f" was removed

The text "of Antifragility" was removed

The text "convex" was removed

The text "Let" has been modified: The location of the text has been changed ( 56.452 : 360.773 ) -> ( 56.451 : 306.104 )

The text "f" has been modified: Font-Style was changed from italic, subscript to italic, The location of the text has been changed ( 72.111 : 360.773 ) -> ( 72.844 : 306.104 )

The text "(" has been modified: The location of the text has been changed ( 78.061 : 360.773 ) -> ( 78.794 : 306.104 )

The text "x" has been modified: Font-Style was changed from italic, subscript to italic, The location of the text has been changed ( 81.935 : 360.773 ) -> ( 82.669 : 306.104 )

The text ")" has been modified: The location of the text has been changed ( 87.629 : 360.773 ) -> ( 88.362 : 306.104 )

The text "be" has been modified: The location of the text has been changed ( 93.882 : 360.773 ) -> ( 95.350 : 306.104 )

The text "a" has been modified: The location of the text has been changed ( 105.668 : 360.773 ) -> ( 107.873 : 306.104 )

The text "two" has been modified: The location of the text has been changed ( 112.472 : 360.773 ) -> ( 115.405 : 306.104 )

The text "times" has been modified: The location of the text has been changed ( 129.687 : 360.773 ) -> ( 133.367 : 306.104 )

The text "continuously" has been modified: The location of the text has been changed ( 153.657 : 360.773 ) -> ( 158.065 : 306.104 )

The text "differentiable" has been modified: The location of the text has been changed ( 207.515 : 360.773 ) -> ( 212.660 : 306.104 )

The text "payoff" has been modified: The location of the text has been changed ( 263.316 : 360.773 ) -> ( 269.187 : 306.104 )

The text "function" has been modified: The location of the text has been changed ( 291.440 : 360.773 ) -> ( 298.049 : 306.104 )

The text "f" has been modified: Font-Style was changed from italic, subscript to italic, The location of the text has been changed ( 327.027 : 360.773 ) -> ( 334.372 : 306.104 )

The text "(" has been modified: The location of the text has been changed ( 332.977 : 360.773 ) -> ( 340.322 : 306.104 )

The text "x" has been modified: Font-Style was changed from italic, subscript to italic, The location of the text has been changed ( 336.851 : 360.773 ) -> ( 344.197 : 306.104 )

The text ")" has been modified: The location of the text has been changed ( 342.545 : 360.773 ) -> ( 349.891 : 306.104 )

The text "with" has been modified: The location of the text has been changed ( 348.798 : 360.773 ) -> ( 356.878 : 306.104 )

The text "a" has been modified: The location of the text has been changed ( 368.892 : 360.773 ) -> ( 377.710 : 306.104 )

The text "convexity" has been modified: The location of the text has been changed ( 375.697 : 360.773 ) -> ( 385.242 : 306.104 )

The text "deﬁned" has been modified: The location of the text has been changed ( 416.663 : 360.773 ) -> ( 426.955 : 306.104 )

The text "by" has been modified: The location of the text has been changed ( 448.374 : 360.773 ) -> ( 494.950 : 306.104 )

The text "≥" was removed

The text "0" has been modified: The location of the text has been changed ( 488.522 : 360.773 ) -> ( 115.728 : 322.806 )

The text "which" has been modified: The location of the text has been changed ( 495.883 : 360.773 ) -> ( 123.200 : 322.806 )

The text "can" has been modified: The location of the text has been changed ( 522.612 : 360.773 ) -> ( 150.039 : 322.806 )

The text "be" has been modified: The location of the text has been changed ( 538.811 : 360.773 ) -> ( 166.358 : 322.806 )

The text "35" was removed

The text "simpliﬁed" has been modified: The location of the text has been changed ( 46.489 : 377.502 ) -> ( 178.253 : 322.806 )

The text "as" has been modified: The location of the text has been changed ( 88.840 : 377.502 ) -> ( 324.654 : 322.806 )

The text "1" has been modified: The location of the text has been changed ( 100.825 : 377.502 ) -> ( 336.637 : 322.806 )

The text "[" has been modified: The location of the text has been changed ( 107.098 : 377.502 ) -> ( 342.911 : 322.806 )

The text "f(" has been modified: The location of the text has been changed ( 109.866 : 367.802 ) -> ( 345.678 : 315.856 )

The text "x +" has been modified: The location of the text has been changed ( 119.690 : 367.802 ) -> ( 355.503 : 315.856 )

The text "Δx" was replaced by "x"

The text ") +" has been modified: The location of the text has been changed ( 150.450 : 367.802 ) -> ( 386.262 : 315.856 )

The text "f(" has been modified: The location of the text has been changed ( 165.393 : 367.802 ) -> ( 401.206 : 315.856 )

The text "x" has been modified: The location of the text has been changed ( 175.218 : 377.502 ) -> ( 411.030 : 322.806 )

The text "− Δx" was removed

The text ")]" has been modified: The location of the text has been changed ( 205.977 : 367.802 ) -> ( 441.790 : 315.856 )

The text "f(" has been modified: The location of the text has been changed ( 224.796 : 367.802 ) -> ( 460.608 : 315.856 )

The text "x)." has been modified: The location of the text has been changed ( 234.620 : 367.802 ) -> ( 470.433 : 315.856 )

The line "line(13x0)" was removed

The text "Then" was removed

The text "∂x2" was removed

The text "we" has been modified: The location of the text has been changed ( 80.093 : 394.248 ) -> ( 101.313 : 339.578 )

The text "can" has been modified: The location of the text has been changed ( 94.868 : 394.248 ) -> ( 116.117 : 339.578 )

The text "see" has been modified: The location of the text has been changed ( 111.864 : 394.248 ) -> ( 133.143 : 339.578 )

The text "that" has been modified: The location of the text has been changed ( 127.744 : 394.248 ) -> ( 149.053 : 339.578 )

The text "a" was replaced by "as the"

The text "dose" has been modified: The location of the text has been changed ( 153.438 : 394.248 ) -> ( 194.055 : 339.578 )

The text "increase" was replaced by "increases there"

The text "will" has been modified: The location of the text has been changed ( 210.663 : 394.248 ) -> ( 278.318 : 339.578 )

The text "have" was replaced by "be"

The text "a" has been modified: The location of the text has been changed ( 250.962 : 394.248 ) -> ( 309.611 : 339.578 )

The text "much" has been modified: The location of the text has been changed ( 258.543 : 394.248 ) -> ( 317.232 : 339.578 )

The text "higher" has been modified: The location of the text has been changed ( 283.848 : 394.248 ) -> ( 342.557 : 339.578 )

The text "impact" has been modified: The location of the text has been changed ( 312.461 : 394.248 ) -> ( 371.209 : 339.578 )

The text "(non-linear)" has been modified: The location of the text has been changed ( 342.747 : 384.998 ) -> ( 401.516 : 332.778 )

The text "response" has been modified: The location of the text has been changed ( 393.486 : 394.248 ) -> ( 452.295 : 339.578 )

The text "in" has been modified: The location of the text has been changed ( 431.514 : 394.248 ) -> ( 490.342 : 339.578 )

The text "f(" has been modified: The location of the text has been changed ( 442.427 : 384.548 ) -> ( 501.286 : 332.628 )

The text "x" has been modified: The location of the text has been changed ( 452.251 : 394.248 ) -> ( 511.111 : 339.578 )

The text ")" has been modified: The location of the text has been changed ( 457.945 : 394.248 ) -> ( 516.804 : 339.578 )

The text "which" has been modified: The location of the text has been changed ( 464.983 : 394.248 ) -> ( 523.872 : 339.578 )

The text "P" has been modified: The location of the text has been changed ( 145.498 : 403.513 ) -> ( 198.928 : 348.843 )

The text "P P" has been modified: The location of the text has been changed ( 324.373 : 403.513 ) -> ( 371.777 : 348.843 )

The text "≥" was removed

The text "a" has been modified: The location of the text has been changed ( 46.489 : 411.046 ) -> ( 103.932 : 356.385 )

The text "linear" has been modified: The location of the text has been changed ( 54.359 : 411.046 ) -> ( 110.807 : 356.385 )

The text "combination" has been modified: The location of the text has been changed ( 80.491 : 411.046 ) -> ( 135.932 : 356.385 )

The text "as" has been modified: The location of the text has been changed ( 133.751 : 411.046 ) -> ( 188.186 : 356.385 )

The text "αi" was replaced by "i"

The text "= 1" has been modified: The location of the text has been changed ( 169.025 : 401.346 ) -> ( 222.455 : 349.435 )

The text "," was replaced by ";"

The text "0" has been modified: The location of the text has been changed ( 197.806 : 411.046 ) -> ( 251.236 : 356.385 )

The text "≤ αi ≤" was removed

The text "1" has been modified: The location of the text has been changed ( 236.830 : 411.046 ) -> ( 290.260 : 356.385 )

The text "in" has been modified: The location of the text has been changed ( 245.259 : 411.046 ) -> ( 297.684 : 356.385 )

The text "such" has been modified: The location of the text has been changed ( 256.457 : 411.046 ) -> ( 307.876 : 356.385 )

The text "a" has been modified: The location of the text has been changed ( 278.165 : 411.046 ) -> ( 328.578 : 356.385 )

The text "way" has been modified: The location of the text has been changed ( 286.036 : 411.046 ) -> ( 335.452 : 356.385 )

The text "that" has been modified: The location of the text has been changed ( 305.981 : 411.046 ) -> ( 354.391 : 356.385 )

The text "[" has been modified: The location of the text has been changed ( 335.996 : 411.046 ) -> ( 383.400 : 356.385 )

The text "αif" was replaced by "if"

The text "(xi)]" has been modified: The location of the text has been changed ( 354.403 : 401.346 ) -> ( 401.808 : 349.435 )

The text "f [" has been modified: The location of the text has been changed ( 386.106 : 401.346 ) -> ( 433.511 : 349.435 )

The text "(" has been modified: The location of the text has been changed ( 406.447 : 411.046 ) -> ( 453.851 : 356.385 )

The text "αixi" was replaced by "ixi"

The text ")]" has been modified: The location of the text has been changed ( 429.022 : 401.346 ) -> ( 476.427 : 349.435 )

The text "." has been modified: The location of the text has been changed ( 435.664 : 411.046 ) -> ( 483.068 : 356.385 )

The text "Simplifying the argument, 40" was removed

The text "under" has been modified: The location of the text has been changed ( 46.489 : 427.722 ) -> ( 510.914 : 356.385 )

The text "the" has been modified: The location of the text has been changed ( 71.664 : 427.722 ) -> ( 536.049 : 356.385 )

The text "correct" has been modified: The location of the text has been changed ( 86.329 : 427.722 ) -> ( 46.488 : 373.052 )

The text "conditions" has been modified: The location of the text has been changed ( 116.476 : 427.722 ) -> ( 76.236 : 373.052 )

The text "we" has been modified: The location of the text has been changed ( 160.481 : 427.722 ) -> ( 119.853 : 373.052 )

The text "generalizes to" was removed

The text "end up with" was replaced by "may simplify the argument to"

The text "f(" has been modified: The location of the text has been changed ( 224.121 : 418.022 ) -> ( 251.785 : 366.102 )

The text "nx)" has been modified: The location of the text has been changed ( 233.946 : 418.022 ) -> ( 261.609 : 366.102 )

The text "nf(" has been modified: The location of the text has been changed ( 261.670 : 418.022 ) -> ( 289.334 : 366.102 )

The text "x)" has been modified: The location of the text has been changed ( 277.475 : 418.022 ) -> ( 305.138 : 366.102 )

The text ". If" was replaced by ", which implies that"

The text "the" has been modified: The location of the text has been changed ( 65.030 : 444.459 ) -> ( 394.209 : 373.052 )

The text "payoff" has been modified: The location of the text has been changed ( 79.157 : 444.459 ) -> ( 408.485 : 373.052 )

The text "function" has been modified: The location of the text has been changed ( 106.853 : 444.459 ) -> ( 436.330 : 373.052 )

The text "f(x)" has been modified: The location of the text has been changed ( 142.004 : 434.759 ) -> ( 471.632 : 366.102 )

The text "of" has been modified: The location of the text has been changed ( 163.342 : 444.459 ) -> ( 493.120 : 373.052 )

The text "the" has been modified: The location of the text has been changed ( 173.583 : 444.459 ) -> ( 503.511 : 373.052 )

The text "random" has been modified: The location of the text has been changed ( 187.710 : 444.459 ) -> ( 517.787 : 373.052 )

The text "variable" has been modified: The location of the text has been changed ( 220.089 : 444.459 ) -> ( 46.488 : 389.790 )

The text "X" has been modified: The location of the text has been changed ( 253.876 : 444.459 ) -> ( 80.819 : 389.790 )

The text "with" has been modified: The location of the text has been changed ( 264.857 : 444.459 ) -> ( 92.345 : 389.790 )

The text "support" has been modified: The location of the text has been changed ( 284.513 : 444.459 ) -> ( 112.549 : 389.790 )

The text "in" has been modified: The location of the text has been changed ( 316.353 : 444.459 ) -> ( 144.928 : 389.790 )

The text "[" has been modified: The location of the text has been changed ( 326.047 : 444.459 ) -> ( 155.169 : 389.790 )

The text "a" has been modified: The location of the text has been changed ( 328.815 : 444.459 ) -> ( 157.936 : 389.790 )

The text "≥" was removed

The text "," was replaced by ";"

The text "b]" has been modified: The location of the text has been changed ( 337.954 : 434.759 ) -> ( 167.076 : 382.840 )

The text "is well behaved and convex;" was replaced by "we will satisfy"

The text "the" has been modified: The location of the text has been changed ( 458.555 : 444.459 ) -> ( 237.213 : 389.790 )

The text "Jensen"s" has been modified: The location of the text has been changed ( 472.672 : 444.459 ) -> ( 251.878 : 389.790 )

The text "Inequality" has been modified: The location of the text has been changed ( 507.820 : 444.459 ) -> ( 287.574 : 389.790 )

The text "implies that" was replaced by "and then"

The text "≥" was removed

The text "E(f(x))" has been modified: The location of the text has been changed ( 46.489 : 494.825 ) -> ( 46.488 : 426.168 )

The text "f(E(x))" has been modified: The location of the text has been changed ( 92.449 : 494.825 ) -> ( 92.448 : 426.168 )

The text "." was replaced by ":"

The text "(1)" has been modified: The location of the text has been changed ( 536.605 : 495.275 ) -> ( 536.604 : 426.318 )

The text "Or" has been modified: The location of the text has been changed ( 56.452 : 531.116 ) -> ( 56.451 : 459.709 )

The text "as" has been modified: The location of the text has been changed ( 69.324 : 531.116 ) -> ( 69.532 : 459.709 )

The text "shown" has been modified: The location of the text has been changed ( 79.984 : 531.116 ) -> ( 80.391 : 459.709 )

The text "in" has been modified: The location of the text has been changed ( 108.108 : 531.116 ) -> ( 108.725 : 459.709 )

The text "(Taleb" has been modified: The location of the text has been changed ( 118.220 : 521.866 ) -> ( 178.612 : 452.909 )

The text "and" has been modified: The location of the text has been changed ( 145.787 : 531.116 ) -> ( 206.388 : 459.709 )

The text "Douady" has been modified: The location of the text has been changed ( 162.534 : 531.116 ) -> ( 223.335 : 459.709 )

The text "," has been modified: The location of the text has been changed ( 194.075 : 531.116 ) -> ( 254.229 : 459.709 )

The text "2013)," has been modified: The location of the text has been changed ( 198.927 : 521.866 ) -> ( 259.290 : 452.909 )

The text "the" has been modified: The location of the text has been changed ( 227.022 : 531.116 ) -> ( 287.593 : 459.709 )

The text "expectation" has been modified: The location of the text has been changed ( 241.557 : 531.116 ) -> ( 302.328 : 459.709 )

The text "of" has been modified: The location of the text has been changed ( 289.686 : 531.116 ) -> ( 350.677 : 459.709 )

The text "f" has been modified: The location of the text has been changed ( 300.350 : 531.116 ) -> ( 361.544 : 459.709 )

The text "under" has been modified: The location of the text has been changed ( 308.661 : 531.116 ) -> ( 370.061 : 459.709 )

The text "a" has been modified: The location of the text has been changed ( 333.707 : 531.116 ) -> ( 395.316 : 459.709 )

The text "probability" has been modified: The location of the text has been changed ( 340.491 : 531.116 ) -> ( 402.300 : 459.709 )

The text "density" has been modified: The location of the text has been changed ( 386.578 : 531.116 ) -> ( 448.596 : 459.709 )

The text "distribution" has been modified: The location of the text has been changed ( 417.721 : 531.116 ) -> ( 479.949 : 459.709 )

The text "ϕ" was replaced by """

The text "(x)" has been modified: The location of the text has been changed ( 472.345 : 521.416 ) -> ( 534.778 : 452.759 )

The text "with" has been modified: The location of the text has been changed ( 488.148 : 531.116 ) -> ( 46.488 : 476.446 )

The text "support" has been modified: The location of the text has been changed ( 508.222 : 531.116 ) -> ( 66.692 : 476.446 )

The text "in" has been modified: The location of the text has been changed ( 540.471 : 531.116 ) -> ( 99.071 : 476.446 )

The text "≥" was removed

The text "[a" has been modified: The location of the text has been changed ( 46.489 : 538.153 ) -> ( 109.312 : 469.496 )

The text "," was replaced by ";"

The text "b" has been modified: The location of the text has been changed ( 58.396 : 547.853 ) -> ( 121.219 : 476.446 )

The text "] indexed by the scale" has been modified: The location of the text has been changed ( 62.673 : 538.153 ) -> ( 125.495 : 469.496 )

The text "is" has been modified: The location of the text has been changed ( 159.729 : 547.853 ) -> ( 222.551 : 476.446 )

The text "45" was removed

The text "σ" was removed

The text "∀σ2" was removed

The text ">" has been modified: The location of the text has been changed ( 64.400 : 591.412 ) -> ( 64.399 : 520.027 )

The text "σ1,Eσ2" was removed

The text "[f(x)]" has been modified: The location of the text has been changed ( 105.151 : 581.712 ) -> ( 105.150 : 513.077 )

The text "≥ Eσ1" was removed

The text "[f(x)];" has been modified: The location of the text has been changed ( 159.006 : 581.712 ) -> ( 159.005 : 513.077 )

The text "(2)" has been modified: The location of the text has been changed ( 536.605 : 582.162 ) -> ( 536.604 : 513.227 )

The text "which means that we have either a convex dose-response behavior over" has been modified: The location of the text has been changed ( 56.452 : 625.259 ) -> ( 56.451 : 556.302 )

The text "[" has been modified: The location of the text has been changed ( 345.903 : 634.509 ) -> ( 345.901 : 563.102 )

The text "a" has been modified: The location of the text has been changed ( 348.670 : 634.509 ) -> ( 348.669 : 563.102 )

The text "," was replaced by ";"

The text "b] or the expectation increases with the scale of" has been modified: The location of the text has been changed ( 357.809 : 624.809 ) -> ( 357.809 : 556.152 )

The text "the distribution." has been modified: The location of the text has been changed ( 46.489 : 641.996 ) -> ( 46.488 : 573.039 )

The text "50" has been modified: The location of the text has been changed ( 27.055 : 667.983 ) -> ( 27.053 : 596.577 )

The text "Given" has been modified: The location of the text has been changed ( 56.452 : 667.983 ) -> ( 56.451 : 596.577 )

The text "this" has been modified: The location of the text has been changed ( 83.929 : 667.983 ) -> ( 84.097 : 596.577 )

The text "precise" has been modified: The location of the text has been changed ( 101.861 : 667.983 ) -> ( 102.179 : 596.577 )

The text "mathematical" has been modified: The location of the text has been changed ( 133.602 : 667.983 ) -> ( 134.090 : 596.577 )

The text "deﬁnition" has been modified: The location of the text has been changed ( 190.807 : 667.983 ) -> ( 191.464 : 596.577 )

The text "of" has been modified: The location of the text has been changed ( 232.541 : 667.983 ) -> ( 233.347 : 596.577 )

The text "Antifragility" was replaced by "antifragility"

The text "," has been modified: The location of the text has been changed ( 293.532 : 667.983 ) -> ( 291.738 : 596.577 )

The text "the" has been modified: The location of the text has been changed ( 299.549 : 667.983 ) -> ( 297.925 : 596.577 )

The text "problem" has been modified: The location of the text has been changed ( 315.260 : 667.983 ) -> ( 313.785 : 596.577 )

The text "at" has been modified: The location of the text has been changed ( 351.992 : 667.983 ) -> ( 350.686 : 596.577 )

The text "hand" has been modified: The location of the text has been changed ( 362.712 : 667.983 ) -> ( 361.576 : 596.577 )

The text "is" has been modified: The location of the text has been changed ( 385.616 : 667.983 ) -> ( 384.629 : 596.577 )

The text "to" has been modified: The location of the text has been changed ( 395.788 : 667.983 ) -> ( 394.970 : 596.577 )

The text "identify" has been modified: The location of the text has been changed ( 407.065 : 667.983 ) -> ( 406.417 : 596.577 )

The text "a" has been modified: The location of the text has been changed ( 441.596 : 667.983 ) -> ( 441.107 : 596.577 )

The text "suitable" has been modified: The location of the text has been changed ( 449.546 : 667.983 ) -> ( 449.217 : 596.577 )

The text "systemic" has been modified: The location of the text has been changed ( 484.066 : 667.983 ) -> ( 483.906 : 596.577 )

The text "payoff" has been modified: The location of the text has been changed ( 522.472 : 667.983 ) -> ( 522.472 : 596.577 )

The text "function" has been modified: The location of the text has been changed ( 46.489 : 684.721 ) -> ( 46.488 : 613.314 )

The text "that" has been modified: The location of the text has been changed ( 82.763 : 684.721 ) -> ( 83.390 : 613.314 )

The text "adequately" has been modified: The location of the text has been changed ( 100.765 : 684.721 ) -> ( 102.039 : 613.314 )

The text "capture" was replaced by "captures"

The text "the" has been modified: The location of the text has been changed ( 179.370 : 684.721 ) -> ( 185.785 : 613.314 )

The text "idea" has been modified: The location of the text has been changed ( 194.613 : 684.721 ) -> ( 201.665 : 613.314 )

The text "of" has been modified: The location of the text has been changed ( 214.269 : 684.721 ) -> ( 221.959 : 613.314 )

The text "Planetary" has been modified: The location of the text has been changed ( 225.636 : 684.721 ) -> ( 233.954 : 613.314 )

The text "Antifragility" has been modified: The location of the text has been changed ( 266.324 : 684.721 ) -> ( 275.289 : 613.314 )

The text "in" has been modified: The location of the text has been changed ( 319.205 : 684.721 ) -> ( 328.798 : 613.314 )

The text "the" has been modified: The location of the text has been changed ( 330.014 : 684.721 ) -> ( 340.245 : 613.314 )

The text "context" has been modified: The location of the text has been changed ( 345.257 : 684.721 ) -> ( 356.126 : 613.314 )

The text "of" has been modified: The location of the text has been changed ( 377.496 : 684.721 ) -> ( 389.002 : 613.314 )

The text "an" has been modified: The location of the text has been changed ( 388.863 : 684.721 ) -> ( 400.997 : 613.314 )

The text "enhanced" has been modified: The location of the text has been changed ( 401.327 : 684.721 ) -> ( 414.108 : 613.314 )

The text ""Safe" has been modified: The location of the text has been changed ( 442.014 : 675.471 ) -> ( 455.423 : 606.514 )

The text "Operating" has been modified: The location of the text has been changed ( 466.851 : 684.721 ) -> ( 480.887 : 613.314 )

The text "Space" has been modified: The location of the text has been changed ( 509.749 : 684.721 ) -> ( 524.434 : 613.314 )

The text "for Humanity" that incorporate not only PB alone but also the capacity of the Earth to respond in a convex way to anthropogenic stressors." was removed

The text "as has been raised recently (Equihua et al. 2020), the concept of resilience is a special and limited case of Antifragility; (c) in their work, Rockström et al. (2009) do recognize that although not all processes or subsystems on Earth have well-deﬁned" was added

The text ", human actions that undermine the resilience of such processes or subsystems can increase the risk that thresholds" was added

The text "concept" was added

The text "limited" was added

The text "thresholds" has been modified: The location of the text has been changed ( 46.489 : 143.191 ) -> ( 46.488 : 71.784 )

The text "will" has been modified: The location of the text has been changed ( 89.946 : 143.191 ) -> ( 46.488 : 88.521 )

The text "also" has been modified: The location of the text has been changed ( 107.938 : 143.191 ) -> ( 64.999 : 88.521 )

The text "be" has been modified: The location of the text has been changed ( 126.489 : 143.191 ) -> ( 84.057 : 88.521 )

The text "crossed" has been modified: The location of the text has been changed ( 138.384 : 143.191 ) -> ( 96.470 : 88.521 )

The text "in" has been modified: The location of the text has been changed ( 170.762 : 143.191 ) -> ( 129.357 : 88.521 )

The text "other" has been modified: The location of the text has been changed ( 181.014 : 143.191 ) -> ( 140.127 : 88.521 )

The text "processes," has been modified: The location of the text has been changed ( 203.978 : 133.941 ) -> ( 163.608 : 81.721 )

The text "such" has been modified: The location of the text has been changed ( 247.146 : 143.191 ) -> ( 207.284 : 88.521 )

The text "as" has been modified: The location of the text has been changed ( 267.898 : 143.191 ) -> ( 228.555 : 88.521 )

The text "the" has been modified: The location of the text has been changed ( 278.697 : 143.191 ) -> ( 239.862 : 88.521 )

The text "climate" has been modified: The location of the text has been changed ( 293.372 : 143.191 ) -> ( 255.045 : 88.521 )

The text "system" has been modified: The location of the text has been changed ( 325.192 : 143.191 ) -> ( 287.384 : 88.521 )

The text ". So" was replaced by ", in that sense the capacity of Earth system to response to"

The text "25 perturbation under" was added

The text "resilience" has been modified: The location of the text has been changed ( 370.871 : 143.191 ) -> ( 123.937 : 105.258 )

The text "is" has been modified: The location of the text has been changed ( 411.548 : 143.191 ) -> ( 199.165 : 105.258 )

The text "a" has been modified: The location of the text has been changed ( 420.694 : 143.191 ) -> ( 208.849 : 105.258 )

The text "key" has been modified: The location of the text has been changed ( 427.608 : 143.191 ) -> ( 216.301 : 105.258 )

The text "concept on PB" was replaced by "feature in PBs"

The text "framework" has been modified: The location of the text has been changed ( 504.868 : 143.191 ) -> ( 294.049 : 105.258 )

The text "," has been modified: The location of the text has been changed ( 226.274 : 176.665 ) -> ( 337.406 : 105.258 )

The text "2020) has showed that" was replaced by "but"

The text "resilience" has been modified: The location of the text has been changed ( 328.570 : 176.665 ) -> ( 358.497 : 105.258 )

The text "is" has been modified: The location of the text has been changed ( 370.383 : 176.665 ) -> ( 399.712 : 105.258 )

The text "a" has been modified: The location of the text has been changed ( 380.655 : 176.665 ) -> ( 409.386 : 105.258 )

The text "special" has been modified: The location of the text has been changed ( 388.714 : 176.665 ) -> ( 448.110 : 105.258 )

The text "case" has been modified: The location of the text has been changed ( 420.007 : 176.665 ) -> ( 478.815 : 105.258 )

The text "in" was replaced by "of"

The text "the" has been modified: The location of the text has been changed ( 452.166 : 176.665 ) -> ( 510.327 : 105.258 )

The text "fraﬁlity-antifragility spectrum. It is" was replaced by "wider concept of Antifragility consisting of"

The text "an" has been modified: The location of the text has been changed ( 105.796 : 193.402 ) -> ( 198.776 : 121.995 )

The text "intermedate" was replaced by "intermediate"

The text "type" has been modified: The location of the text has been changed ( 167.275 : 193.402 ) -> ( 263.782 : 121.995 )

The text "of" has been modified: The location of the text has been changed ( 186.952 : 193.402 ) -> ( 283.837 : 121.995 )

The text "response" has been modified: The location of the text has been changed ( 197.771 : 193.402 ) -> ( 295.035 : 121.995 )

The text "to" has been modified: The location of the text has been changed ( 235.151 : 193.402 ) -> ( 332.793 : 121.995 )

The text "perturbation" was replaced by "perturbations"

The text "near" has been modified: The location of the text has been changed ( 296.640 : 193.402 ) -> ( 398.905 : 121.995 )

The text "to" has been modified: The location of the text has been changed ( 316.306 : 193.402 ) -> ( 418.950 : 121.995 )

The text "robustness" has been modified: The location of the text has been changed ( 326.577 : 193.402 ) -> ( 429.600 : 121.995 )

The text "where" has been modified: The location of the text has been changed ( 370.961 : 193.402 ) -> ( 474.362 : 121.995 )

The text "the" has been modified: The location of the text has been changed ( 397.820 : 193.402 ) -> ( 501.600 : 121.995 )

The text "systems" has been modified: The location of the text has been changed ( 412.525 : 193.402 ) -> ( 516.673 : 121.995 )

The text "tolerate" has been modified: The location of the text has been changed ( 446.597 : 193.402 ) -> ( 46.488 : 138.732 )

The text "stress" has been modified: The location of the text has been changed ( 478.995 : 193.402 ) -> ( 78.857 : 138.732 )

The text "and" has been modified: The location of the text has been changed ( 503.652 : 193.402 ) -> ( 103.484 : 138.732 )

The text "remain" has been modified: The location of the text has been changed ( 520.559 : 193.402 ) -> ( 120.361 : 138.732 )

The text "the" has been modified: The location of the text has been changed ( 46.489 : 210.139 ) -> ( 150.518 : 138.732 )

The text "same." has been modified: The location of the text has been changed ( 62.469 : 200.889 ) -> ( 165.182 : 131.932 )

The text "But" was replaced by "To emphasize the importance and rationale of switching from resilience to Antifragility, consider that all"

The text "living" has been modified: The location of the text has been changed ( 107.450 : 210.139 ) -> ( 476.345 : 155.469 )

The text "systems" has been modified: The location of the text has been changed ( 134.259 : 210.139 ) -> ( 501.929 : 155.469 )

The text "are" has been modified: The location of the text has been changed ( 169.627 : 210.139 ) -> ( 536.061 : 155.469 )

The text "undergoing" has been modified: The location of the text has been changed ( 185.597 : 210.139 ) -> ( 46.488 : 172.206 )

The text "evolutionary" has been modified: The location of the text has been changed ( 234.613 : 210.139 ) -> ( 94.847 : 172.206 )

The text "processes" has been modified: The location of the text has been changed ( 288.331 : 210.139 ) -> ( 147.907 : 172.206 )

The text "that" has been modified: The location of the text has been changed ( 330.313 : 210.139 ) -> ( 189.242 : 172.206 )

The text "require" has been modified: The location of the text has been changed ( 349.073 : 210.139 ) -> ( 207.334 : 172.206 )

The text "them" has been modified: The location of the text has been changed ( 381.093 : 210.139 ) -> ( 238.706 : 172.206 )

The text "to" has been modified: The location of the text has been changed ( 404.823 : 210.139 ) -> ( 261.780 : 172.206 )

The text "do" has been modified: The location of the text has been changed ( 416.390 : 210.139 ) -> ( 272.689 : 172.206 )

The text "far" has been modified: The location of the text has been changed ( 430.158 : 210.139 ) -> ( 285.800 : 172.206 )

The text "more" has been modified: The location of the text has been changed ( 444.933 : 210.139 ) -> ( 299.917 : 172.206 )

The text "than" has been modified: The location of the text has been changed ( 469.212 : 210.139 ) -> ( 323.538 : 172.206 )

The text "simply" has been modified: The location of the text has been changed ( 490.173 : 210.139 ) -> ( 343.852 : 172.206 )

The text "endure" has been modified: The location of the text has been changed ( 521.117 : 210.139 ) -> ( 374.128 : 172.206 )

The text "perturbations;" has been modified: The location of the text has been changed ( 46.489 : 217.626 ) -> ( 404.394 : 165.406 )

The text "they" has been modified: The location of the text has been changed ( 104.103 : 226.876 ) -> ( 462.885 : 172.206 )

The text "30" was added

The text "from perturbations" was added

The text "stressors," was added

The text "most" was replaced by "must"

The text "have" has been modified: The location of the text has been changed ( 145.019 : 226.876 ) -> ( 505.575 : 172.206 )

The text "some" has been modified: The location of the text has been changed ( 165.741 : 226.876 ) -> ( 527.193 : 172.206 )

The text "will" was added

The text "features" has been modified: The location of the text has been changed ( 189.044 : 226.876 ) -> ( 46.488 : 188.944 )

The text "that" has been modified: The location of the text has been changed ( 222.837 : 226.876 ) -> ( 81.317 : 188.944 )

The text "allow" has been modified: The location of the text has been changed ( 240.052 : 226.876 ) -> ( 99.569 : 188.944 )

The text "them" has been modified: The location of the text has been changed ( 264.202 : 226.876 ) -> ( 124.754 : 188.944 )

The text "to" has been modified: The location of the text has been changed ( 286.398 : 226.876 ) -> ( 147.977 : 188.944 )

The text "not" has been modified: The location of the text has been changed ( 296.421 : 226.876 ) -> ( 159.026 : 188.944 )

The text "only" has been modified: The location of the text has been changed ( 311.414 : 226.876 ) -> ( 175.065 : 188.944 )

The text "cope" has been modified: The location of the text has been changed ( 331.399 : 226.876 ) -> ( 196.077 : 188.944 )

The text "but" has been modified: The location of the text has been changed ( 352.470 : 226.876 ) -> ( 218.184 : 188.944 )

The text "gain" has been modified: The location of the text has been changed ( 367.274 : 226.876 ) -> ( 234.024 : 188.944 )

The text "(up" has been modified: The location of the text has been changed ( 444.853 : 217.626 ) -> ( 254.427 : 182.144 )

The text "to" has been modified: The location of the text has been changed ( 460.405 : 226.876 ) -> ( 271.005 : 188.944 )

The text "a" has been modified: The location of the text has been changed ( 470.427 : 226.876 ) -> ( 282.064 : 188.944 )

The text "point)" has been modified: The location of the text has been changed ( 477.112 : 217.626 ) -> ( 289.785 : 182.144 )

The text "," has been modified: The location of the text has been changed ( 500.913 : 226.876 ) -> ( 392.121 : 188.944 )

The text "variability," has been modified: The location of the text has been changed ( 505.675 : 217.626 ) -> ( 438.018 : 182.144 )

The text "and" has been modified: The location of the text has been changed ( 46.489 : 243.613 ) -> ( 483.866 : 188.944 )

The text "uncertainty." has been modified: The location of the text has been changed ( 63.545 : 234.363 ) -> ( 501.560 : 182.144 )

The text "This" has been modified: The location of the text has been changed ( 112.880 : 243.613 ) -> ( 46.488 : 205.681 )

The text "is" has been modified: The location of the text has been changed ( 133.263 : 243.613 ) -> ( 66.543 : 205.681 )

The text "simple" has been modified: The location of the text has been changed ( 142.578 : 243.613 ) -> ( 75.529 : 205.681 )

The text "logic:" has been modified: The location of the text has been changed ( 171.818 : 234.363 ) -> ( 104.441 : 198.881 )

The text "any" has been modified: The location of the text has been changed ( 197.193 : 243.613 ) -> ( 129.477 : 205.681 )

The text "system" has been modified: The location of the text has been changed ( 214.100 : 243.613 ) -> ( 146.054 : 205.681 )

The text "that" has been modified: The location of the text has been changed ( 244.446 : 243.613 ) -> ( 176.072 : 205.681 )

The text "gain" was replaced by "gains"

The text "from" has been modified: The location of the text has been changed ( 281.835 : 243.613 ) -> ( 216.679 : 205.681 )

The text "variability" has been modified: The location of the text has been changed ( 303.873 : 243.613 ) -> ( 238.388 : 205.681 )

The text "(even" has been modified: The location of the text has been changed ( 347.250 : 234.363 ) -> ( 281.436 : 198.881 )

The text "by" has been modified: The location of the text has been changed ( 371.648 : 243.613 ) -> ( 305.506 : 205.681 )

The text "merely random" was replaced by "mere randomness"

The text ")" has been modified: The location of the text has been changed ( 445.052 : 243.613 ) -> ( 387.657 : 205.681 )

The text "eventually" has been modified: The location of the text has been changed ( 451.040 : 243.613 ) -> ( 393.316 : 205.681 )

The text "undergo" has been modified: The location of the text has been changed ( 494.826 : 243.613 ) -> ( 454.616 : 205.681 )

The text "its" was added

The text "competitors" has been modified: The location of the text has been changed ( 46.489 : 260.350 ) -> ( 501.181 : 205.681 )

The text "because" has been modified: The location of the text has been changed ( 96.760 : 260.350 ) -> ( 46.488 : 222.418 )

The text "time" has been modified: The location of the text has been changed ( 131.520 : 260.350 ) -> ( 80.510 : 222.418 )

The text "is" has been modified: The location of the text has been changed ( 152.471 : 260.350 ) -> ( 100.715 : 222.418 )

The text "the" has been modified: The location of the text has been changed ( 162.344 : 260.350 ) -> ( 109.850 : 222.418 )

The text "ultimate" has been modified: The location of the text has been changed ( 177.746 : 260.350 ) -> ( 124.515 : 222.418 )

The text "source" has been modified: The location of the text has been changed ( 213.631 : 260.350 ) -> ( 159.663 : 222.418 )

The text "of" has been modified: The location of the text has been changed ( 242.872 : 260.350 ) -> ( 188.156 : 222.418 )

The text "variability" has been modified: The location of the text has been changed ( 254.398 : 260.350 ) -> ( 198.946 : 222.418 )

The text "and" has been modified: The location of the text has been changed ( 298.333 : 260.350 ) -> ( 242.144 : 222.418 )

The text "so" has been modified: The location of the text has been changed ( 315.947 : 260.350 ) -> ( 259.020 : 222.418 )

The text "the" has been modified: The location of the text has been changed ( 328.042 : 260.350 ) -> ( 270.368 : 222.418 )

The text "system" has been modified: The location of the text has been changed ( 343.444 : 260.350 ) -> ( 285.033 : 222.418 )

The text "will" has been modified: The location of the text has been changed ( 374.348 : 260.350 ) -> ( 315.199 : 222.418 )

The text "accumulate" has been modified: The location of the text has been changed ( 393.078 : 260.350 ) -> ( 333.192 : 222.418 )

The text "any" has been modified: The location of the text has been changed ( 441.685 : 260.350 ) -> ( 381.052 : 222.418 )

The text "little" has been modified: The location of the text has been changed ( 459.150 : 260.350 ) -> ( 397.779 : 222.418 )

The text "gain." has been modified: The location of the text has been changed ( 480.649 : 251.100 ) -> ( 418.541 : 215.618 )

The text "So" has been modified: The location of the text has been changed ( 503.473 : 260.350 ) -> ( 56.451 : 239.155 )

The text "through" has been modified: The location of the text has been changed ( 517.231 : 260.350 ) -> ( 70.538 : 239.155 )

The text "evolutionary" was added

The text "and perturbations" was added

The text "processes" has been modified: The location of the text has been changed ( 46.489 : 277.087 ) -> ( 158.568 : 239.155 )

The text "," has been modified: The location of the text has been changed ( 195.958 : 277.087 ) -> ( 196.744 : 239.155 )

The text "what" has been modified: The location of the text has been changed ( 202.065 : 277.087 ) -> ( 202.792 : 239.155 )

The text "we" has been modified: The location of the text has been changed ( 225.049 : 277.087 ) -> ( 225.726 : 239.155 )

The text "will" has been modified: The location of the text has been changed ( 240.271 : 277.087 ) -> ( 240.899 : 239.155 )

The text "observe" has been modified: The location of the text has been changed ( 259.390 : 277.087 ) -> ( 259.967 : 239.155 )

The text "in" has been modified: The location of the text has been changed ( 293.840 : 277.087 ) -> ( 294.358 : 239.155 )

The text "the" has been modified: The location of the text has been changed ( 305.208 : 277.087 ) -> ( 305.675 : 239.155 )

The text "present" has been modified: The location of the text has been changed ( 320.988 : 277.087 ) -> ( 321.406 : 239.155 )

The text "is" has been modified: The location of the text has been changed ( 353.377 : 277.087 ) -> ( 353.745 : 239.155 )

The text "the" has been modified: The location of the text has been changed ( 363.638 : 277.087 ) -> ( 363.947 : 239.155 )

The text "predominance" has been modified: The location of the text has been changed ( 379.429 : 277.087 ) -> ( 379.688 : 239.155 )

The text "of" has been modified: The location of the text has been changed ( 439.483 : 277.087 ) -> ( 439.682 : 239.155 )

The text "those" has been modified: The location of the text has been changed ( 451.389 : 277.087 ) -> ( 451.548 : 239.155 )

The text "systems" has been modified: The location of the text has been changed ( 476.036 : 277.087 ) -> ( 476.146 : 239.155 )

The text "that" has been modified: The location of the text has been changed ( 511.204 : 277.087 ) -> ( 511.254 : 239.155 )

The text "have" has been modified: The location of the text has been changed ( 529.764 : 277.087 ) -> ( 529.764 : 239.155 )

The text "previously" has been modified: The location of the text has been changed ( 46.489 : 293.825 ) -> ( 46.488 : 255.892 )

The text "35" was added

The text "gain" was replaced by "gained"

The text "from" has been modified: The location of the text has been changed ( 109.871 : 293.825 ) -> ( 119.554 : 255.892 )

The text "environmental" has been modified: The location of the text has been changed ( 131.460 : 293.825 ) -> ( 141.302 : 255.892 )

The text "variability" has been modified: The location of the text has been changed ( 190.847 : 293.825 ) -> ( 200.829 : 255.892 )

The text "." has been modified: The location of the text has been changed ( 230.907 : 293.825 ) -> ( 313.237 : 255.892 )

The text "This" has been modified: The location of the text has been changed ( 235.629 : 293.825 ) -> ( 318.098 : 255.892 )

The text "feature" has been modified: The location of the text has been changed ( 255.574 : 293.825 ) -> ( 338.183 : 255.892 )

The text "is" has been modified: The location of the text has been changed ( 285.462 : 293.825 ) -> ( 368.220 : 255.892 )

The text "what" has been modified: The location of the text has been changed ( 338.622 : 293.825 ) -> ( 377.236 : 255.892 )

The text "Taleb" has been modified: The location of the text has been changed ( 360.221 : 293.825 ) -> ( 398.975 : 255.892 )

The text "called" has been modified: The location of the text has been changed ( 384.340 : 293.825 ) -> ( 423.234 : 255.892 )

The text "Antifragility" has been modified: The location of the text has been changed ( 410.353 : 293.825 ) -> ( 449.396 : 255.892 )

The text "(Danchin" has been modified: The location of the text has been changed ( 462.397 : 284.575 ) -> ( 501.580 : 249.092 )

The text "et" has been modified: The location of the text has been changed ( 501.700 : 293.825 ) -> ( 541.032 : 255.892 )

The text "al.," has been modified: The location of the text has been changed ( 511.124 : 284.575 ) -> ( 46.488 : 265.829 )

The text "2011;" has been modified: The location of the text has been changed ( 525.530 : 284.575 ) -> ( 61.153 : 265.829 )

The text "Taleb, 2012)" has been modified: The location of the text has been changed ( 46.489 : 301.312 ) -> ( 86.338 : 265.829 )

The text "A" was replaced by "has a"

The text "formal" has been modified: The location of the text has been changed ( 67.222 : 327.299 ) -> ( 161.636 : 272.629 )

The text "deﬁnition" has been modified: The location of the text has been changed ( 97.358 : 327.299 ) -> ( 190.687 : 272.629 )

The text "as" has been modified: The location of the text has been changed ( 204.386 : 327.299 ) -> ( 231.374 : 272.629 )

The text "a" has been modified: The location of the text has been changed ( 216.262 : 327.299 ) -> ( 242.163 : 272.629 )

The text "non-linear" has been modified: The location of the text has been changed ( 224.262 : 327.299 ) -> ( 249.078 : 272.629 )

The text "response" has been modified: The location of the text has been changed ( 300.436 : 327.299 ) -> ( 292.514 : 272.629 )

The text "in" has been modified: The location of the text has been changed ( 338.872 : 327.299 ) -> ( 329.864 : 272.629 )

The text "the" has been modified: The location of the text has been changed ( 350.199 : 327.299 ) -> ( 340.106 : 272.629 )

The text "payoffs" has been modified: The location of the text has been changed ( 365.950 : 327.299 ) -> ( 354.771 : 272.629 )

The text "space" has been modified: The location of the text has been changed ( 399.155 : 327.299 ) -> ( 386.890 : 272.629 )

The text "is found elsewhere" was replaced by "and can be summarized as follows"

The text "as usual" was added

The text "(Taleb" has been modified: The location of the text has been changed ( 505.058 : 318.049 ) -> ( 46.488 : 282.567 )

The text "and" has been modified: The location of the text has been changed ( 533.839 : 327.299 ) -> ( 74.184 : 289.367 )

The text "Douady" has been modified: The location of the text has been changed ( 46.489 : 344.036 ) -> ( 91.061 : 289.367 )

The text ", 2013; Taleb, 2018)" has been modified: The location of the text has been changed ( 78.031 : 334.786 ) -> ( 121.955 : 282.567 )

The text ":" was added

The line "line(13x0)" was added

The text "without loss of generality" was added

The text "Let" has been modified: The location of the text has been changed ( 56.452 : 360.773 ) -> ( 56.451 : 306.104 )

The text "f" has been modified: Font-Style was changed from italic, subscript to italic, The location of the text has been changed ( 72.111 : 360.773 ) -> ( 72.844 : 306.104 )

The text "(" has been modified: The location of the text has been changed ( 78.061 : 360.773 ) -> ( 78.794 : 306.104 )

The text "x" has been modified: Font-Style was changed from italic, subscript to italic, The location of the text has been changed ( 81.935 : 360.773 ) -> ( 82.669 : 306.104 )

The text ")" has been modified: The location of the text has been changed ( 87.629 : 360.773 ) -> ( 88.362 : 306.104 )

The text "be" has been modified: The location of the text has been changed ( 93.882 : 360.773 ) -> ( 95.350 : 306.104 )

The text "a" has been modified: The location of the text has been changed ( 105.668 : 360.773 ) -> ( 107.873 : 306.104 )

The text "two" has been modified: The location of the text has been changed ( 112.472 : 360.773 ) -> ( 115.405 : 306.104 )

The text "times" has been modified: The location of the text has been changed ( 129.687 : 360.773 ) -> ( 133.367 : 306.104 )

The text "continuously" has been modified: The location of the text has been changed ( 153.657 : 360.773 ) -> ( 158.065 : 306.104 )

The text "differentiable" has been modified: The location of the text has been changed ( 207.515 : 360.773 ) -> ( 212.660 : 306.104 )

The text "payoff" has been modified: The location of the text has been changed ( 263.316 : 360.773 ) -> ( 269.187 : 306.104 )

The text "function" has been modified: The location of the text has been changed ( 291.440 : 360.773 ) -> ( 298.049 : 306.104 )

The text "f" has been modified: Font-Style was changed from italic, subscript to italic, The location of the text has been changed ( 327.027 : 360.773 ) -> ( 334.372 : 306.104 )

The text "(" has been modified: The location of the text has been changed ( 332.977 : 360.773 ) -> ( 340.322 : 306.104 )

The text "x" has been modified: Font-Style was changed from italic, subscript to italic, The location of the text has been changed ( 336.851 : 360.773 ) -> ( 344.197 : 306.104 )

The text ")" has been modified: The location of the text has been changed ( 342.545 : 360.773 ) -> ( 349.891 : 306.104 )

The text "with" has been modified: The location of the text has been changed ( 348.798 : 360.773 ) -> ( 356.878 : 306.104 )

The text "a" has been modified: The location of the text has been changed ( 368.892 : 360.773 ) -> ( 377.710 : 306.104 )

The text "convexity" has been modified: The location of the text has been changed ( 375.697 : 360.773 ) -> ( 385.242 : 306.104 )

The text "deﬁned" has been modified: The location of the text has been changed ( 416.663 : 360.773 ) -> ( 426.955 : 306.104 )

The text "by" has been modified: The location of the text has been changed ( 448.374 : 360.773 ) -> ( 494.950 : 306.104 )

The text "its second @2f derivative" was added

The text "0" has been modified: The location of the text has been changed ( 488.522 : 360.773 ) -> ( 115.728 : 322.806 )

The text "which" has been modified: The location of the text has been changed ( 495.883 : 360.773 ) -> ( 123.200 : 322.806 )

The text "can" has been modified: The location of the text has been changed ( 522.612 : 360.773 ) -> ( 150.039 : 322.806 )

The text "be" has been modified: The location of the text has been changed ( 538.811 : 360.773 ) -> ( 166.358 : 322.806 )

The text "simpliﬁed" has been modified: The location of the text has been changed ( 46.489 : 377.502 ) -> ( 178.253 : 322.806 )

The text "as" has been modified: The location of the text has been changed ( 88.840 : 377.502 ) -> ( 324.654 : 322.806 )

The text "1" has been modified: The location of the text has been changed ( 100.825 : 377.502 ) -> ( 336.637 : 322.806 )

The text "[" has been modified: The location of the text has been changed ( 107.098 : 377.502 ) -> ( 342.911 : 322.806 )

The text "f(" has been modified: The location of the text has been changed ( 109.866 : 367.802 ) -> ( 345.678 : 315.856 )

The text "x +" has been modified: The location of the text has been changed ( 119.690 : 367.802 ) -> ( 355.503 : 315.856 )

The text "Δx" was replaced by "x"

The text ") +" has been modified: The location of the text has been changed ( 150.450 : 367.802 ) -> ( 386.262 : 315.856 )

The text "f(" has been modified: The location of the text has been changed ( 165.393 : 367.802 ) -> ( 401.206 : 315.856 )

The text "x" has been modified: The location of the text has been changed ( 175.218 : 377.502 ) -> ( 411.030 : 322.806 )

The text "x" was added

The text ")]" has been modified: The location of the text has been changed ( 205.977 : 367.802 ) -> ( 441.790 : 315.856 )

The text "f(" has been modified: The location of the text has been changed ( 224.796 : 367.802 ) -> ( 460.608 : 315.856 )

The text "x)." has been modified: The location of the text has been changed ( 234.620 : 367.802 ) -> ( 470.433 : 315.856 )

The text "40 generalizes to" was added

The text "@x2 From this," was added

The text "we" has been modified: The location of the text has been changed ( 80.093 : 394.248 ) -> ( 101.313 : 339.578 )

The text "can" has been modified: The location of the text has been changed ( 94.868 : 394.248 ) -> ( 116.117 : 339.578 )

The text "see" has been modified: The location of the text has been changed ( 111.864 : 394.248 ) -> ( 133.143 : 339.578 )

The text "that" has been modified: The location of the text has been changed ( 127.744 : 394.248 ) -> ( 149.053 : 339.578 )

The text "a" was replaced by "as the"

The text "dose" has been modified: The location of the text has been changed ( 153.438 : 394.248 ) -> ( 194.055 : 339.578 )

The text "increase" was replaced by "increases there"

The text "will" has been modified: The location of the text has been changed ( 210.663 : 394.248 ) -> ( 278.318 : 339.578 )

The text "have" was replaced by "be"

The text "a" has been modified: The location of the text has been changed ( 250.962 : 394.248 ) -> ( 309.611 : 339.578 )

The text "much" has been modified: The location of the text has been changed ( 258.543 : 394.248 ) -> ( 317.232 : 339.578 )

The text "higher" has been modified: The location of the text has been changed ( 283.848 : 394.248 ) -> ( 342.557 : 339.578 )

The text "impact" has been modified: The location of the text has been changed ( 312.461 : 394.248 ) -> ( 371.209 : 339.578 )

The text "(non-linear)" has been modified: The location of the text has been changed ( 342.747 : 384.998 ) -> ( 401.516 : 332.778 )

The text "response" has been modified: The location of the text has been changed ( 393.486 : 394.248 ) -> ( 452.295 : 339.578 )

The text "in" has been modified: The location of the text has been changed ( 431.514 : 394.248 ) -> ( 490.342 : 339.578 )

The text "f(" has been modified: The location of the text has been changed ( 442.427 : 384.548 ) -> ( 501.286 : 332.628 )

The text "x" has been modified: The location of the text has been changed ( 452.251 : 394.248 ) -> ( 511.111 : 339.578 )

The text ")" has been modified: The location of the text has been changed ( 457.945 : 394.248 ) -> ( 516.804 : 339.578 )

The text "which" has been modified: The location of the text has been changed ( 464.983 : 394.248 ) -> ( 523.872 : 339.578 )

The text "P" has been modified: The location of the text has been changed ( 145.498 : 403.513 ) -> ( 198.928 : 348.843 )

The text "P P" has been modified: The location of the text has been changed ( 324.373 : 403.513 ) -> ( 371.777 : 348.843 )

The text "a" has been modified: The location of the text has been changed ( 46.489 : 411.046 ) -> ( 103.932 : 356.385 )

The text "linear" has been modified: The location of the text has been changed ( 54.359 : 411.046 ) -> ( 110.807 : 356.385 )

The text "combination" has been modified: The location of the text has been changed ( 80.491 : 411.046 ) -> ( 135.932 : 356.385 )

The text "as" has been modified: The location of the text has been changed ( 133.751 : 411.046 ) -> ( 188.186 : 356.385 )

The text "αi" was replaced by "i"

The text "= 1" has been modified: The location of the text has been changed ( 169.025 : 401.346 ) -> ( 222.455 : 349.435 )

The text "," was replaced by ";"

The text "0" has been modified: The location of the text has been changed ( 197.806 : 411.046 ) -> ( 251.236 : 356.385 )

The text "i" was added

The text "1" has been modified: The location of the text has been changed ( 236.830 : 411.046 ) -> ( 290.260 : 356.385 )

The text "in" has been modified: The location of the text has been changed ( 245.259 : 411.046 ) -> ( 297.684 : 356.385 )

The text "such" has been modified: The location of the text has been changed ( 256.457 : 411.046 ) -> ( 307.876 : 356.385 )

The text "a" has been modified: The location of the text has been changed ( 278.165 : 411.046 ) -> ( 328.578 : 356.385 )

The text "way" has been modified: The location of the text has been changed ( 286.036 : 411.046 ) -> ( 335.452 : 356.385 )

The text "that" has been modified: The location of the text has been changed ( 305.981 : 411.046 ) -> ( 354.391 : 356.385 )

The text "[" has been modified: The location of the text has been changed ( 335.996 : 411.046 ) -> ( 383.400 : 356.385 )

The text "αif" was replaced by "if"

The text "(xi)]" has been modified: The location of the text has been changed ( 354.403 : 401.346 ) -> ( 401.808 : 349.435 )

The text "f [" has been modified: The location of the text has been changed ( 386.106 : 401.346 ) -> ( 433.511 : 349.435 )

The text "(" has been modified: The location of the text has been changed ( 406.447 : 411.046 ) -> ( 453.851 : 356.385 )

The text "αixi" was replaced by "ixi"

The text ")]" has been modified: The location of the text has been changed ( 429.022 : 401.346 ) -> ( 476.427 : 349.435 )

The text "." has been modified: The location of the text has been changed ( 435.664 : 411.046 ) -> ( 483.068 : 356.385 )

The text "Then" was added

The text "under" has been modified: The location of the text has been changed ( 46.489 : 427.722 ) -> ( 510.914 : 356.385 )

The text "the" has been modified: The location of the text has been changed ( 71.664 : 427.722 ) -> ( 536.049 : 356.385 )

The text "correct" has been modified: The location of the text has been changed ( 86.329 : 427.722 ) -> ( 46.488 : 373.052 )

The text "conditions" has been modified: The location of the text has been changed ( 116.476 : 427.722 ) -> ( 76.236 : 373.052 )

The text "we" has been modified: The location of the text has been changed ( 160.481 : 427.722 ) -> ( 119.853 : 373.052 )

The text "end up with" was replaced by "may simplify the argument to"

The text "f(" has been modified: The location of the text has been changed ( 224.121 : 418.022 ) -> ( 251.785 : 366.102 )

The text "nx)" has been modified: The location of the text has been changed ( 233.946 : 418.022 ) -> ( 261.609 : 366.102 )

The text "nf(" has been modified: The location of the text has been changed ( 261.670 : 418.022 ) -> ( 289.334 : 366.102 )

The text "x)" has been modified: The location of the text has been changed ( 277.475 : 418.022 ) -> ( 305.138 : 366.102 )

The text ". If" was replaced by ", which implies that"

The text "the" has been modified: The location of the text has been changed ( 65.030 : 444.459 ) -> ( 394.209 : 373.052 )

The text "payoff" has been modified: The location of the text has been changed ( 79.157 : 444.459 ) -> ( 408.485 : 373.052 )

The text "function" has been modified: The location of the text has been changed ( 106.853 : 444.459 ) -> ( 436.330 : 373.052 )

The text "f(x)" has been modified: The location of the text has been changed ( 142.004 : 434.759 ) -> ( 471.632 : 366.102 )

The text "of" has been modified: The location of the text has been changed ( 163.342 : 444.459 ) -> ( 493.120 : 373.052 )

The text "the" has been modified: The location of the text has been changed ( 173.583 : 444.459 ) -> ( 503.511 : 373.052 )

The text "random" has been modified: The location of the text has been changed ( 187.710 : 444.459 ) -> ( 517.787 : 373.052 )

The text "variable" has been modified: The location of the text has been changed ( 220.089 : 444.459 ) -> ( 46.488 : 389.790 )

The text "X" has been modified: The location of the text has been changed ( 253.876 : 444.459 ) -> ( 80.819 : 389.790 )

The text "with" has been modified: The location of the text has been changed ( 264.857 : 444.459 ) -> ( 92.345 : 389.790 )

The text "support" has been modified: The location of the text has been changed ( 284.513 : 444.459 ) -> ( 112.549 : 389.790 )

The text "in" has been modified: The location of the text has been changed ( 316.353 : 444.459 ) -> ( 144.928 : 389.790 )

The text "[" has been modified: The location of the text has been changed ( 326.047 : 444.459 ) -> ( 155.169 : 389.790 )

The text "a" has been modified: The location of the text has been changed ( 328.815 : 444.459 ) -> ( 157.936 : 389.790 )

The text "," was replaced by ";"

The text "b]" has been modified: The location of the text has been changed ( 337.954 : 434.759 ) -> ( 167.076 : 382.840 )

The text "is well behaved and convex;" was replaced by "we will satisfy"

The text "the" has been modified: The location of the text has been changed ( 458.555 : 444.459 ) -> ( 237.213 : 389.790 )

The text "Jensen"s" has been modified: The location of the text has been changed ( 472.672 : 444.459 ) -> ( 251.878 : 389.790 )

The text "Inequality" has been modified: The location of the text has been changed ( 507.820 : 444.459 ) -> ( 287.574 : 389.790 )

The text "implies that" was replaced by "and then"

The text "previous work" was added

The text "E(f(x))" has been modified: The location of the text has been changed ( 46.489 : 494.825 ) -> ( 46.488 : 426.168 )

The text "f(E(x))" has been modified: The location of the text has been changed ( 92.449 : 494.825 ) -> ( 92.448 : 426.168 )

The text "." was replaced by ":"

The text "(1)" has been modified: The location of the text has been changed ( 536.605 : 495.275 ) -> ( 536.604 : 426.318 )

The text "Or" has been modified: The location of the text has been changed ( 56.452 : 531.116 ) -> ( 56.451 : 459.709 )

The text "as" has been modified: The location of the text has been changed ( 69.324 : 531.116 ) -> ( 69.532 : 459.709 )

The text "shown" has been modified: The location of the text has been changed ( 79.984 : 531.116 ) -> ( 80.391 : 459.709 )

The text "in" has been modified: The location of the text has been changed ( 108.108 : 531.116 ) -> ( 108.725 : 459.709 )

The text "45" was added

The text "(Taleb" has been modified: The location of the text has been changed ( 118.220 : 521.866 ) -> ( 178.612 : 452.909 )

The text "and" has been modified: The location of the text has been changed ( 145.787 : 531.116 ) -> ( 206.388 : 459.709 )

The text "Douady" has been modified: The location of the text has been changed ( 162.534 : 531.116 ) -> ( 223.335 : 459.709 )

The text "," has been modified: The location of the text has been changed ( 194.075 : 531.116 ) -> ( 254.229 : 459.709 )

The text "2013)," has been modified: The location of the text has been changed ( 198.927 : 521.866 ) -> ( 259.290 : 452.909 )

The text "the" has been modified: The location of the text has been changed ( 227.022 : 531.116 ) -> ( 287.593 : 459.709 )

The text "expectation" has been modified: The location of the text has been changed ( 241.557 : 531.116 ) -> ( 302.328 : 459.709 )

The text "of" has been modified: The location of the text has been changed ( 289.686 : 531.116 ) -> ( 350.677 : 459.709 )

The text "f" has been modified: The location of the text has been changed ( 300.350 : 531.116 ) -> ( 361.544 : 459.709 )

The text "under" has been modified: The location of the text has been changed ( 308.661 : 531.116 ) -> ( 370.061 : 459.709 )

The text "a" has been modified: The location of the text has been changed ( 333.707 : 531.116 ) -> ( 395.316 : 459.709 )

The text "probability" has been modified: The location of the text has been changed ( 340.491 : 531.116 ) -> ( 402.300 : 459.709 )

The text "density" has been modified: The location of the text has been changed ( 386.578 : 531.116 ) -> ( 448.596 : 459.709 )

The text "distribution" has been modified: The location of the text has been changed ( 417.721 : 531.116 ) -> ( 479.949 : 459.709 )

The text "ϕ" was replaced by """

The text "(x)" has been modified: The location of the text has been changed ( 472.345 : 521.416 ) -> ( 534.778 : 452.759 )

The text "with" has been modified: The location of the text has been changed ( 488.148 : 531.116 ) -> ( 46.488 : 476.446 )

The text "support" has been modified: The location of the text has been changed ( 508.222 : 531.116 ) -> ( 66.692 : 476.446 )

The text "in" has been modified: The location of the text has been changed ( 540.471 : 531.116 ) -> ( 99.071 : 476.446 )

The text "[a" has been modified: The location of the text has been changed ( 46.489 : 538.153 ) -> ( 109.312 : 469.496 )

The text "," was replaced by ";"

The text "b" has been modified: The location of the text has been changed ( 58.396 : 547.853 ) -> ( 121.219 : 476.446 )

The text "] indexed by the scale" has been modified: The location of the text has been changed ( 62.673 : 538.153 ) -> ( 125.495 : 469.496 )

The text "is" has been modified: The location of the text has been changed ( 159.729 : 547.853 ) -> ( 222.551 : 476.446 )

The text "8 2" was added

The text ">" has been modified: The location of the text has been changed ( 64.400 : 591.412 ) -> ( 64.399 : 520.027 )

The text "1;E 2" was added

The text "[f(x)]" has been modified: The location of the text has been changed ( 105.151 : 581.712 ) -> ( 105.150 : 513.077 )

The text "E 1" was added

The text "[f(x)];" has been modified: The location of the text has been changed ( 159.006 : 581.712 ) -> ( 159.005 : 513.077 )

The text "(2)" has been modified: The location of the text has been changed ( 536.605 : 582.162 ) -> ( 536.604 : 513.227 )

The text "which means that we have either a convex dose-response behavior over" has been modified: The location of the text has been changed ( 56.452 : 625.259 ) -> ( 56.451 : 556.302 )

The text "[" has been modified: The location of the text has been changed ( 345.903 : 634.509 ) -> ( 345.901 : 563.102 )

The text "a" has been modified: The location of the text has been changed ( 348.670 : 634.509 ) -> ( 348.669 : 563.102 )

The text "," was replaced by ";"

The text "b] or the expectation increases with the scale of" has been modified: The location of the text has been changed ( 357.809 : 624.809 ) -> ( 357.809 : 556.152 )

The text "the distribution." has been modified: The location of the text has been changed ( 46.489 : 641.996 ) -> ( 46.488 : 573.039 )

The text "50" has been modified: The location of the text has been changed ( 27.055 : 667.983 ) -> ( 27.053 : 596.577 )
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Discussions

2 Methods
2.1 Entropy production as Payoff function

As noticed in previous work by Michaelian (2005) and Michaelian (2015), Ecosystems arise and evolve, as any other physical
system, under the laws of thermodynamics; in particular under the imperative of dissipating the solar photon fl ux into heat.
In his work, Michaelian as Ulanowicz and Hannon (1987) before, proposes that healthy ecosystems have greater entropy

production than unhealthy or stressed ones and entropy production should then be a reliable indicator of its health, given by

o0
Health=J = / 27 Lyaq (A) = 0.04L;, (\) dA 3)
0

where

5 5 5 5
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Nevertheless, it is necessary to find a systemic variable that contains relevant information on the entropy production of
ecosystems and is measured at a planetary scale. Following original ideas discussed by Ulanowicz and Hannon (1987) and
Michaelian (2015), the possibility of using satellite measurements of Albedo as a proxy of Eq(3). In this work we took pub-
lished data for Surface Albedo anomalies on the Northern Hemisphere during the months of July (GLASS albedo product) for
19812010 (He et al., 2014) and calculate Fisher information in the same way Ahmad and Co-workers has done for global-
mean temperature (1880-2015) (Ahmad et al., 2016). In their work, the authors organized the time series data such that each
month represents one system variable and end up with 12 variables describing global temperature anomalies from January to
December for each time step (year).

In previous work it has been propose how as both Complexity and Fisher Information are maximum at Criticality, which has
also been proposed as a fingerprint of Ecosystem Health (Lopez-Corona and Padilla, 2019; Ramirez-Carrillo et al., 2018); and
as Ecosystem Antifragility may be measured using Complexity, then Fisher Information of ecosystems key variables in form

of a time series (for example albedo) could be a good proxy of its Antifragility.
2.2 Data inputs

Data used here, comes from The Global Land Surface Satellites (GLASS), which is built using very high resolution radiometers
(AVHRR) and MODIS data (Liang et al., 2013). Two direct albedo calculations are incorporated for the MODIS component;
one for surface refl ectance and one for TOA refl ectance (Qu et al., 2014). The AVHRR observation GLASS albedo compo-
nent is based on a direct measurement algorithm using radiometric calibration and atmospheric correction surface refl ectance
(Pedelty et al., 2007) comparable to that used on MODIS data (Liu et al., 2013).

We used the 1982 to 2010 time series of July months for Northern Hemisphere (more land area implies more albedo changes

and higher rates of CC are expected), which show a decrease rate of 0.0013 per decade (p < 0.01) (Figure 2)(He et al., 2014).
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75

for Humanity" that incorporates not only PBs state value but also the capacity of the Earth to respond in a convex way to
anthropogenic stressors.

From previous work on ecosystem antifragility (Equihua et.al. 2020) we know that it can be be measured using changes in
ecosystem complexity and so the most healthy state should be the one that is at maximum complexity, a state that is reached
when ecosystems are in criticality, a dynamic regime characterized by scale invariance in Fourier space and also in good balance
between informational emergence and self-organization (Ramirez-Carrillo et.al. 2018). Finally, we also know that in criticality,
the system also reaches its maximum of Fisher information (L6pez-Corona and Padilla, 2019). In this way, antifragility may
be approximated using the Fisher information of payoff time series.

The main idea in this context is that a safe human operating space should consider not only a "safe" range of important state
variables in terms of tipping point but also the dynamics of the system (see for example unpublished work by Toledo-Roy
and co-workers https://www.youtube.com/watch?v=WzfdnoC3Kik), especially its capacity to respond to perturbations. The
dynamic interpretation of Fisher information could be understood as a measure of the system stability or as we have proposed
elsewhere (Lépez-Corona and Padilla, 2020) as a universal payoff function for antifragility.

Also there is cumulative evidence presented on our previous work on Ecosystem Antifragility (Equihua et.al. 2020), that
points to the conjecture that Earth System should be not only under a limited range values for key biogeochemical variables but
also in a criticality regime (Hidalgo et.al. 2014) in which the system is in its maximum complexity, maximum Fisher Informa-
tion and balance between emergence (flexibility/randomness), and self-organization. Under these conditions, the ecosystems
(including Earth systems) exhibit the greatest computational and inferential capacities related to the system capacity to respond

and adapt to perturbations.

2  Methods
2.1 Entropy production as Payoff function

As noticed in previous work by Michaelian (2005, 2015), Ecosystems arise and evolve, as any other physical system, under the
laws of thermodynamics. In particular, the relation between entropy production and ecosystem functioning up to Earth system
is well established and has been studied since 1972 in the pioneering work of Prigogine and co-workers; then by Ulanowicz
and Hannon (1987); Aoki (1989); Schneider and Kay (1994); Schymanski et.al. (2010); Michaelian (2005, 2011, 2012, 2015);
Kleidon (2005, 2009, 2010a, 2010b, 2010c, 2021); Panwar et.al. (2021).

In the current paper, we build our new planetary Antifragility concept mainly on the work of Michaelian (2015) who proposes

that healthy ecosystems have greater entropy production than unhealthy or stressed ones and entropy production should then

i-net PDFC comparison results from 11/10/2021
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The text "necessary to ﬁnd" was replaced by "at maximum complexity,"

The text "a" has been modified: The location of the text has been changed ( 206.120 : 381.011 ) -> ( 461.600 : 88.521 )

The text "systemic variable" was replaced by "state"

The text "that" has been modified: The location of the text has been changed ( 288.222 : 381.011 ) -> ( 489.973 : 88.521 )

The text "is" has been modified: The location of the text has been changed ( 112.850 : 397.748 ) -> ( 507.756 : 88.521 )

The text "measured at" was replaced by "reached"

The text "then" was removed

The text "a" has been modified: The location of the text has been changed ( 174.767 : 397.748 ) -> ( 183.165 : 105.258 )

The text "planetary scale. Following original ideas discussed" was replaced by "dynamic regime characterized"
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The text "Ulanowicz" was replaced by "scale invariance in Fourier space"
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The text "Hannon (1987)" was replaced by "also in good balance between informational emergence"
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The text "In this work" was replaced by "Finally,"
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The text "Fisher" has been modified: The location of the text has been changed ( 219.908 : 447.960 ) -> ( 210.821 : 138.732 )
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The text "," has been modified: The location of the text has been changed ( 229.293 : 464.697 ) -> ( 397.231 : 138.732 )

The text "2016" was replaced by "2019"
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The text "," has been modified: The location of the text has been changed ( 101.552 : 684.720 ) -> ( 388.693 : 429.640 )

The text "2007) comparable to that used on MODIS data (Liu et al." was replaced by "as any other physical system"

The text "," has been modified: The location of the text has been changed ( 334.806 : 684.720 ) -> ( 506.342 : 429.640 )

The text "2013)" was replaced by "under the"

The text "." has been modified: The location of the text has been changed ( 363.030 : 684.720 ) -> ( 144.281 : 446.377 )

The text "We used" was replaced by "In particular,"

The text "the" has been modified: The location of the text has been changed ( 92.178 : 701.458 ) -> ( 202.791 : 446.377 )

The text "1982" was replaced by "relation between entropy production and ecosystem functioning up"
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Figure 1. July shortwave albedo time series from GLASS data for Northern Hemisphere

We took this data set because it is the season when less snow or ice may be found in the Northern Hemisphere and so, a more
clear response to Climate Change could be found. We used then a Python implementation of Ahmad et al. (2016) algorithm

for asses Fisher information, available at https://github.com/csunlab/fisher-information.
2.3 Stability analysis using Fisher Information

Consider a dynamical system characterized by a phase space s = (21,...,2;,...,Zy, ) built up n state variables z; under which a

measurement y is made, then we can define the quality of the measurement by its Fisher information

7]
1 s//z
I(s)= T/?dt’ )
0

where 7 is the time period required for the system to complete a cycle; s'(t) and s”(t) are the tangential velocity and accelera-

tion of the system in the phase space, calculated as a function of the state variables z; given by
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This dynamic interpretation of Fisher information (Frieden, 2007; Cabezas and Fath, 2002) implies that if the system is
constraint to small tangential velocities and acceleration, then in a specific measurement time range the system will occupy a
small hyper-volume which is interpreted as the system being stable.
In this way, dynamic stability corresponds itself with higher levels of constant Fisher information. Then self-organized

systems would tend to reduce their variability by gaining Fisher information. On the other hand, a loss of stability would looks
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be a reliable indicator of its health, given by the following expression of total entropy production (more precisely photon

dissipation) per unit area of the ecosystem (/) (Michaelian, 2015):

o0
Health = J = /27TLTud (A) —0.04L;;, (N) dA, 3)
0
in which the 0.04 factor comes from the cosine of the angle of the incident radiation, and both the L, 44 () and L;,, (A) comes

from the following expression using I as measured by a detecting spectrometer or as solar spectrum at surface, respectively.

o 2 22 1) (222200

Where ) is the wavelength of radiation I [Jm™2]; ¢ is the velocity of light; ng is the photon’s polarization sate (o = 1 for

polarized and ny = 2 for unpolarized); i and k are as usual the Planck and Boltzmann constants.

The key point here is that we don’t need to account for all individual living systems, that have several non-linear couplings
among both biotic and abiotic (i.e. water cycle) components of the Earth system, but a global planetary good enough approxi-
mation of the entropy production (more precisely photon dissipation) contribution by the biosphere is achievable by measuring
the difference between the incident and outgoing light spectrum as defined above using as proxies remote sensing data from
already existing satellites.

Nevertheless, it is necessary to find the specific proxy that contains the most relevant information on the entropy production
of ecosystems, that is measured at a planetary scale and available from existing databases. So, following original ideas discussed
by Ulanowicz (1987) and Michaelian (2015), we went with satellite measurements of Albedo as a fair proxy of Eq(3).

With that selection in mind, in this work, we used published data for Surface Albedo anomalies on the Northern Hemisphere
during the months of July (GLASS albedo product) for 1981-2010 (He et.al., 2014) and calculate its Fisher information
in the same way Ahmad and Co-workers (2016) have done for global-mean temperature (1880-2015). In their work, the
authors organized the time series data such that each month represents one system variable so that 12 variables describe global

temperature anomalies from January to December for each time step (year).
2.2 Data inputs

Data used here (Fig.1), comes from The Global Land Surface Satellites (GLASS), which is built using very high resolution
radiometers (AVHRR) and MODIS data (Liang et.al. 2013). Two direct albedo calculations are incorporated for the MODIS
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The text ")" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 384.061 : 525.726 ) -> ( 194.165 : 225.905 )

The text "are" has been modified: The location of the text has been changed ( 390.331 : 525.726 ) -> ( 235.840 : 225.905 )

The text "the" has been modified: The location of the text has been changed ( 404.886 : 525.726 ) -> ( 284.806 : 225.905 )

The text "tangential velocity" was replaced by "Planck"

The text "and" has been modified: The location of the text has been changed ( 495.496 : 525.726 ) -> ( 329.080 : 225.905 )

The text "acceleration " was replaced by "Boltzmann constants."

The text "of" has been modified: The location of the text has been changed ( 64.481 : 542.534 ) -> ( 288.440 : 259.366 )

The text "the" has been modified: The location of the text has been changed ( 75.271 : 542.534 ) -> ( 299.299 : 259.366 )

The text "system" has been modified: The location of the text has been changed ( 89.936 : 542.534 ) -> ( 338.173 : 259.366 )

The text "," has been modified: The location of the text has been changed ( 192.311 : 542.534 ) -> ( 365.849 : 259.366 )

The text "calculated as" was replaced by "but"

The text "a" has been modified: The location of the text has been changed ( 250.961 : 542.534 ) -> ( 386.004 : 259.366 )

The text "function" was replaced by "global planetary good enough approxi-"

The text "of" has been modified: The location of the text has been changed ( 293.571 : 542.534 ) -> ( 76.446 : 276.103 )

The text "the" has been modified: The location of the text has been changed ( 304.361 : 542.534 ) -> ( 87.036 : 276.103 )

The text "state variables xi given by" was replaced by "entropy production"

The text "v u 2 m uX dxi t s0" was removed

The text "(" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 57.358 : 586.571 ) -> ( 179.568 : 276.103 )

The text "t" was replaced by "more precisely photon dissipation"

The text ")" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 64.830 : 586.571 ) -> ( 317.032 : 276.103 )

The text "=" was replaced by "contribution by the biosphere is achievable by measuring the difference between the incident and outgoing light spectrum as deﬁned above using as proxies remote sensing data from already existing satellites. Nevertheless"

The text "x1, ..., xi,..., xm" was removed

The text "a measurement y is made, then we can deﬁne" was removed

The text "," has been modified: Font-Family was changed from "CMMI10" to "Nimbus Rom No9L Regu", Font-Style was changed from italic to plain, The location of the text has been changed ( 158.116 : 586.571 ) -> ( 107.509 : 326.314 )

The text "(" has been modified: The location of the text has been changed ( 536.605 : 586.571 ) -> ( 104.341 : 359.789 )

The text "6" was replaced by "1987"

The text ")" has been modified: The location of the text has been changed ( 544.903 : 586.571 ) -> ( 127.584 : 359.789 )

The text "dt i m X dxi d2xi 1 s00" was removed

The text "(" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 57.358 : 623.030 ) -> ( 197.581 : 359.789 )

The text "t" was replaced by "2015"

The text ")" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 64.830 : 623.030 ) -> ( 220.824 : 359.789 )

The text "=" was replaced by ", we went with satellite measurements of Albedo as a fair proxy of Eq(3)"

The text "." has been modified: Font-Family was changed from "CMMI10" to "Nimbus Rom No9L Regu", Font-Style was changed from italic to plain, The location of the text has been changed ( 188.710 : 623.851 ) -> ( 514.003 : 359.789 )

The line "line(7x0)" was removed

The line "line(14x0)" was removed

The text "s" was removed

The text "(" has been modified: The location of the text has been changed ( 536.605 : 623.851 ) -> ( 158.478 : 393.263 )

The text "7" was replaced by "GLASS albedo product"

The text ")" has been modified: The location of the text has been changed ( 544.903 : 623.851 ) -> ( 258.153 : 393.263 )

The text "s0" was replaced by "for 1981–2010"

The text "(" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 106.146 : 630.273 ) -> ( 329.655 : 393.263 )

The text "t" was replaced by "He et.al., 2014"

The text ")" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 113.618 : 630.273 ) -> ( 394.193 : 393.263 )

The text "dt dt2 i" was removed

The text "This dynamic interpretation of" was replaced by "and calculate its"

The text "Fisher" has been modified: The location of the text has been changed ( 184.372 : 651.246 ) -> ( 472.359 : 393.263 )

The text "information" has been modified: The location of the text has been changed ( 212.755 : 651.246 ) -> ( 501.181 : 393.263 )

The text "(Frieden, 2007; Cabezas" was replaced by "in the same way Ahmad"

The text "and" has been modified: The location of the text has been changed ( 365.840 : 651.246 ) -> ( 152.420 : 410.000 )

The text "Fath, 2002" was replaced by "Co-workers (2016"

The text ")" has been modified: The location of the text has been changed ( 427.170 : 651.246 ) -> ( 244.764 : 410.000 )

The text "implies that if" was replaced by "have done for global-mean temperature (1880-2015). In their work,"

The text "the" has been modified: The location of the text has been changed ( 494.766 : 651.246 ) -> ( 536.050 : 410.000 )

The text "system" has been modified: The location of the text has been changed ( 510.417 : 651.246 ) -> ( 344.400 : 426.737 )

The text "is 95 constraint" was replaced by "variable so that 12 variables describe global"

The text "in the phase space" was removed

The text "to" has been modified: The location of the text has been changed ( 88.541 : 667.983 ) -> ( 194.781 : 443.474 )

The text "small tangential velocities and acceleration, then in a speciﬁc measurement" was replaced by "December for each"

The text "time" has been modified: The location of the text has been changed ( 403.399 : 667.983 ) -> ( 283.299 : 443.474 )

The text "range the system will occupy a small hyper-volume" was replaced by "step (year)."

The line "line(51x0)" was removed

The line "line(14x0)" was removed

The text "which" has been modified: The location of the text has been changed ( 128.501 : 684.720 ) -> ( 383.642 : 496.154 )

The text "is" has been modified: The location of the text has been changed ( 155.340 : 684.720 ) -> ( 411.129 : 496.154 )

The text "interpreted as the system being stable" was replaced by "built using very high resolution radiometers (AVHRR) and MODIS data (Liang et.al"

The text "." has been modified: The location of the text has been changed ( 313.616 : 684.720 ) -> ( 257.894 : 512.891 )

The text "In this way, dynamic stability corresponds itself with higher levels" was replaced by "2013). Two direct albedo calculations are incorporated for the MODIS (Moderate Resolution Imaging Spectroradiometer) component; one for surface reﬂectance and one for Top"

The text "of" has been modified: The location of the text has been changed ( 336.022 : 701.458 ) -> ( 487.692 : 529.628 )

The text "constant Fisher information" was replaced by "Atmosphere"

The line "line(20x0)" was removed

The line "line(14x0)" was removed

The line "line(19x0)" was removed

The text "." has been modified: The location of the text has been changed ( 460.893 : 701.458 ) -> ( 161.456 : 546.365 )

The text "Then self-organized systems would tend" was replaced by "2014). The AVHRR observation GLASS albedo component is based on a direct measurement"

The text "to" has been modified: The location of the text has been changed ( 127.096 : 718.195 ) -> ( 523.198 : 563.102 )

The text "reduce their variability by gaining Fisher information" was replaced by "that used on MODIS data (Liu et.al"

The text "." has been modified: The location of the text has been changed ( 348.674 : 718.195 ) -> ( 169.895 : 579.839 )

The text "On" was replaced by "2013)."

The text "the" has been modified: The location of the text has been changed ( 368.071 : 718.195 ) -> ( 94.169 : 596.577 )

The text "other hand" was replaced by "1982 to 2010 time series of July months for the Northern Hemisphere (more land area implies more albedo"

The text "," has been modified: The location of the text has been changed ( 424.808 : 718.195 ) -> ( 226.303 : 613.314 )

The text "a" has been modified: The location of the text has been changed ( 429.670 : 718.195 ) -> ( 281.107 : 613.314 )

The text "loss" was replaced by "decrease rate"

The text "of" has been modified: The location of the text has been changed ( 454.318 : 718.195 ) -> ( 341.929 : 613.314 )

The text "stability would looks" was removed

The text "reliable indicator of its health, given by the following expression of total entropy production (" was added

The text "J = 2 Lrad" was added

The text "as measured by a detecting spectrometer or as solar spectrum at surface, respectively. n0kc 5I" was added

The text "We took this data set because it is the season when less snow or ice may" was replaced by "80"

The text "5I ( ) 5I ( ) 5I ( ) 85 L( )" was added

The line "line(20x0)" was added

The line "line(30x0)" was added

The line "line(30x0)" was added

The line "line(30x0)" was added

The line "line(30x0)" was added

The text "be" has been modified: The location of the text has been changed ( 337.586 : 345.677 ) -> ( 46.488 : 38.309 )

The text "a" has been modified: The location of the text has been changed ( 520.728 : 345.677 ) -> ( 59.579 : 38.309 )

The text "more" has been modified: The location of the text has been changed ( 527.752 : 345.677 ) -> ( 456.738 : 38.309 )

The text "clear response to Climate Change could be found. We used then a Python implementation" was replaced by "precisely photon dissipation) per unit area"

The text "of" has been modified: The location of the text has been changed ( 413.401 : 362.414 ) -> ( 147.758 : 55.046 )

The text "Ahmad et al." was replaced by "the ecosystem"

The text "(" has been modified: The location of the text has been changed ( 479.912 : 362.414 ) -> ( 217.207 : 55.046 )

The text "2016" was replaced by "J"

The text ")" has been modified: The location of the text has been changed ( 503.154 : 362.414 ) -> ( 227.006 : 55.046 )

The text "(Michaelian" was added

The text "," has been modified: The location of the text has been changed ( 158.000 : 379.151 ) -> ( 280.954 : 55.046 )

The text "available at https" was replaced by "2015)"

The text ":" has been modified: The location of the text has been changed ( 230.050 : 379.151 ) -> ( 309.178 : 55.046 )

The text "; h and k" was added

The text "as usual" was added

The text "1 Z Health" was added

The text "Earth" was added

The text "=" has been modified: The location of the text has been changed ( 297.135 : 432.041 ) -> ( 80.204 : 98.448 )

The text "(" has been modified: The location of the text has been changed ( 307.095 : 432.041 ) -> ( 151.681 : 98.448 )

The text ")" has been modified: The location of the text has been changed ( 374.001 : 432.041 ) -> ( 161.367 : 98.448 )

The text "0:04Lin ( )d ; (3) 0 in" was added

The text "which" has been modified: The location of the text has been changed ( 517.016 : 432.041 ) -> ( 66.194 : 128.504 )

The text "the" has been modified: The location of the text has been changed ( 222.439 : 448.735 ) -> ( 92.536 : 128.504 )

The text "quality" was replaced by "0.04 factor comes from the cosine"

The text "of" has been modified: The location of the text has been changed ( 267.271 : 448.735 ) -> ( 241.666 : 128.504 )

The text "the" has been modified: The location of the text has been changed ( 278.060 : 448.735 ) -> ( 251.957 : 128.504 )

The text "measurement by its Fisher information" was replaced by "angle of the incident radiation, and both the Lrad ( ) and Lin ( ) comes"

The text "from the following expression using" was added

The text "I" has been modified: The location of the text has been changed ( 46.489 : 494.676 ) -> ( 193.027 : 145.188 )

The text "it is necessary to ﬁnd the speciﬁc proxy that contains the most relevant information on the entropy production of ecosystems, that is measured at a planetary scale and available from existing databases. So, following original ideas discussed 95 by Ulanowicz" was added

The text "(" has been modified: The location of the text has been changed ( 52.757 : 494.676 ) -> ( 150.258 : 177.541 )

The text ")" has been modified: The location of the text has been changed ( 61.301 : 494.676 ) -> ( 159.944 : 177.541 )

The text "=" has been modified: The location of the text has been changed ( 67.387 : 494.676 ) -> ( 70.147 : 184.623 )

The text "1 + ln 1 + ln ;" was added

The text "(" has been modified: The location of the text has been changed ( 536.605 : 494.676 ) -> ( 536.604 : 184.623 )

The text "5" was replaced by "4"

The text ")" has been modified: The location of the text has been changed ( 544.903 : 494.676 ) -> ( 544.903 : 184.623 )

The text "4 n0hc2 n0hc2 n0hc2 n0hc2 Where" was added

The text "is" has been modified: The location of the text has been changed ( 81.102 : 525.726 ) -> ( 94.119 : 209.122 )

The text "the" has been modified: The location of the text has been changed ( 90.138 : 525.726 ) -> ( 103.414 : 209.122 )

The text "wavelength of radiation I [Jm 2]; c is" was added

The text "the" has been modified: The location of the text has been changed ( 202.277 : 525.726 ) -> ( 276.356 : 209.122 )

The text "system to complete a cycle" was replaced by "velocity of light"

The text ";" has been modified: The location of the text has been changed ( 323.671 : 525.726 ) -> ( 355.011 : 209.122 )

The text "n0 is the photon"s polarization sate" was added

The text "(" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 336.303 : 525.726 ) -> ( 503.022 : 209.122 )

The text "n0 = 1 for polarized" was added

The text "and" has been modified: The location of the text has been changed ( 350.045 : 525.726 ) -> ( 86.050 : 225.905 )

The text "n0 = 2 for unpolarized" was added

The text ")" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 384.061 : 525.726 ) -> ( 194.165 : 225.905 )

The text "are" has been modified: The location of the text has been changed ( 390.331 : 525.726 ) -> ( 235.840 : 225.905 )

The text "the" has been modified: The location of the text has been changed ( 404.886 : 525.726 ) -> ( 284.806 : 225.905 )

The text "tangential velocity" was replaced by "Planck"

The text "and" has been modified: The location of the text has been changed ( 495.496 : 525.726 ) -> ( 329.080 : 225.905 )

The text "acceleration " was replaced by "Boltzmann constants."

The text "The key point here is that we don"t need to account for all individual living systems, that have several non-linear couplings among both biotic and abiotic (i.e. water cycle) components" was added

The text "With that selection in mind, in this work, we used published data for Surface Albedo anomalies on the Northern Hemisphere during the months of July" was added

The text "of" has been modified: The location of the text has been changed ( 64.481 : 542.534 ) -> ( 288.440 : 259.366 )

The text "the" has been modified: The location of the text has been changed ( 75.271 : 542.534 ) -> ( 299.299 : 259.366 )

The text "system" has been modified: The location of the text has been changed ( 89.936 : 542.534 ) -> ( 338.173 : 259.366 )

The text "," has been modified: The location of the text has been changed ( 192.311 : 542.534 ) -> ( 365.849 : 259.366 )

The text "calculated as" was replaced by "but"

The text "a" has been modified: The location of the text has been changed ( 250.961 : 542.534 ) -> ( 386.004 : 259.366 )

The text "function" was replaced by "global planetary good enough approxi-"

The text "90 mation" was added

The text "of" has been modified: The location of the text has been changed ( 293.571 : 542.534 ) -> ( 76.446 : 276.103 )

The text "the" has been modified: The location of the text has been changed ( 304.361 : 542.534 ) -> ( 87.036 : 276.103 )

The text "state variables xi given by" was replaced by "entropy production"

The text "authors organized the time series data such that each month represents one" was added

The text "(" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 57.358 : 586.571 ) -> ( 179.568 : 276.103 )

The text "t" was replaced by "more precisely photon dissipation"

The text ")" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 64.830 : 586.571 ) -> ( 317.032 : 276.103 )

The text "=" was replaced by "contribution by the biosphere is achievable by measuring the difference between the incident and outgoing light spectrum as deﬁned above using as proxies remote sensing data from already existing satellites. Nevertheless"

The text "," has been modified: Font-Family was changed from "CMMI10" to "Nimbus Rom No9L Regu", Font-Style was changed from italic to plain, The location of the text has been changed ( 158.116 : 586.571 ) -> ( 107.509 : 326.314 )

The text "(" has been modified: The location of the text has been changed ( 536.605 : 586.571 ) -> ( 104.341 : 359.789 )

The text "6" was replaced by "1987"

The text ")" has been modified: The location of the text has been changed ( 544.903 : 586.571 ) -> ( 127.584 : 359.789 )

The text "and Michaelian" was added

The text "(" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 57.358 : 623.030 ) -> ( 197.581 : 359.789 )

The text "t" was replaced by "2015"

The text ")" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 64.830 : 623.030 ) -> ( 220.824 : 359.789 )

The text "=" was replaced by ", we went with satellite measurements of Albedo as a fair proxy of Eq(3)"

The text "." has been modified: Font-Family was changed from "CMMI10" to "Nimbus Rom No9L Regu", Font-Style was changed from italic to plain, The location of the text has been changed ( 188.710 : 623.851 ) -> ( 514.003 : 359.789 )

The text "(" has been modified: The location of the text has been changed ( 536.605 : 623.851 ) -> ( 158.478 : 393.263 )

The text "7" was replaced by "GLASS albedo product"

The text ")" has been modified: The location of the text has been changed ( 544.903 : 623.851 ) -> ( 258.153 : 393.263 )

The text "s0" was replaced by "for 1981–2010"

The text "(" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 106.146 : 630.273 ) -> ( 329.655 : 393.263 )

The text "t" was replaced by "He et.al., 2014"

The text ")" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 113.618 : 630.273 ) -> ( 394.193 : 393.263 )

The text "This dynamic interpretation of" was replaced by "and calculate its"

The text "Fisher" has been modified: The location of the text has been changed ( 184.372 : 651.246 ) -> ( 472.359 : 393.263 )

The text "information" has been modified: The location of the text has been changed ( 212.755 : 651.246 ) -> ( 501.181 : 393.263 )

The text "(Frieden, 2007; Cabezas" was replaced by "in the same way Ahmad"

The text "and" has been modified: The location of the text has been changed ( 365.840 : 651.246 ) -> ( 152.420 : 410.000 )

The text "Fath, 2002" was replaced by "Co-workers (2016"

The text ")" has been modified: The location of the text has been changed ( 427.170 : 651.246 ) -> ( 244.764 : 410.000 )

The text "implies that if" was replaced by "have done for global-mean temperature (1880-2015). In their work,"

The text "the" has been modified: The location of the text has been changed ( 494.766 : 651.246 ) -> ( 536.050 : 410.000 )

The text "system" has been modified: The location of the text has been changed ( 510.417 : 651.246 ) -> ( 344.400 : 426.737 )

The text "is 95 constraint" was replaced by "variable so that 12 variables describe global"

The text "100 temperature anomalies from January" was added

The text "to" has been modified: The location of the text has been changed ( 88.541 : 667.983 ) -> ( 194.781 : 443.474 )

The text "small tangential velocities and acceleration, then in a speciﬁc measurement" was replaced by "December for each"

The text "time" has been modified: The location of the text has been changed ( 403.399 : 667.983 ) -> ( 283.299 : 443.474 )

The text "range the system will occupy a small hyper-volume" was replaced by "step (year)."

The text "2.2 Data inputs Data used here (Fig.1), comes from The Global Land Surface Satellites (GLASS)," was added

The text "which" has been modified: The location of the text has been changed ( 128.501 : 684.720 ) -> ( 383.642 : 496.154 )

The text "is" has been modified: The location of the text has been changed ( 155.340 : 684.720 ) -> ( 411.129 : 496.154 )

The text "interpreted as the system being stable" was replaced by "built using very high resolution radiometers (AVHRR) and MODIS data (Liang et.al"

The text "." has been modified: The location of the text has been changed ( 313.616 : 684.720 ) -> ( 257.894 : 512.891 )

The text "In this way, dynamic stability corresponds itself with higher levels" was replaced by "2013). Two direct albedo calculations are incorporated for the MODIS (Moderate Resolution Imaging Spectroradiometer) component; one for surface reﬂectance and one for Top"
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like a reduction in the system’s Fisher information and even more, sudden sharp changes could be used as an early warning of

tipping points.

3 Results

In Fig. 3 we show the Fisher Information for 1988—2010 (the algorithm requires the first 7 points to start the calculation) of
Northern Hemisphere albedo, which exhibits an oscillation with a mean value of 3.59, a maximum value of 5.35 in 1988,
minimum of 2.55 in 1998 and a net reduction of 47.63% between 1988 and 2010. The reduction does not occur in a linear
fashion, but shows an oscillating behaviour: A first decrease happened between 1988 and 1998, followed by a gradual increase

until 2007 to again decrease until 2010.

Fisher Information of Albedo anomalies

1990 1995 2000 2005 2010

Figure 2. Fisher information for July albedo time series

4 Discussion

The Safe Operating Space for Humanity is not fully characterized by the state values of Planetary Boundaries because not only
does interaction among them matter, but more importantly the perturbation response capacity dimension is missing.

As pointed out in a recent work (Hillebrand et al., 2020), to understand ecosystem responses to anthropogenic global change,
it is key to test if ecosystem really goes trough thresholds or tipping points. In their work, the authors found that threshold
transgressions were rarely detectable, either within or across meta-analyses.

On the one hand as we have been highlighting in this work and also commented by Dudney and Suding (2020), Ecosystems
seldom respond to environmental drivers in isolation, and the inclusion of interacting drivers may indicate more frequent
threshold dynamics than expected from the discussed meta-analyses(Hillebrand et al., 2020). In this way, our thermodynamic
framework using global albedo as proxy of planetary entropy production could by interpreted as a systemic response that

integrate all drives and responses.

105

(Moderate Resolution Imaging Spectroradiometer) component; one for surface reflectance and one for Top of Atmosphere
(TOA) Reflectance (Qu et.al. 2014). The AVHRR observation GLASS albedo component is based on a direct measurement
algorithm using radiometric calibration and atmospheric correction surface reflectance (Pedalty et.al. 2007) comparable to that
used on MODIS data (Liu et.al. 2013).

We used the 1982 to 2010 time series of July months for the Northern Hemisphere (more land area implies more albedo

changes and higher rates of CC are expected), which show a decrease rate of 0.0013 per decade (p < 0.01) (Figure 1)(He et.al.
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Figure 1. July shortwave terrestrial albedo time series from GLASS data for Northern Hemisphere

2014). We took this data set because it is the season when less snow or ice may be found in the Northern Hemisphere and so,
a more clear response to Climate Change could be found. We used then a Python implementation of the algorithm created by
Ahmad et al. (2016) to assess Fisher information, available at https://github.com/csunlab/fisher-information.

In this work, we are only using land albedo that does not include any oceanic contribution. The different albedo products
derived from satellite imagery, in general, are processed only for terrestrial surfaces because ocean albedo is rather stable
and low which may cause that higher fluctuations get masked/averaged by ocean albedo, and thus the original input does not
include ocean surface albedo. So, the influence of periodic phenomena like El Nifio Southern Oscillation (ENSO) could not
affect the results because of the change in ocean surface albedo. But it must be considered that land cover, which influences
terrestrial albedo to a large extent, is heavily influenced by the teleconnections caused by “spatially and temporally large-scale
anomalies that influence the variability of the atmospheric circulation” (ENSO, Arctic Oscillation, North Atlantic Oscillation,
Pacific Decadal Oscillation, Pacific-North America Index (https://www.ncdc.noaa.gov/teleconnections/). This leads to climate
anomalies linked across geographically separated regions, and also to bigger or smaller changes in land cover type (e.g. arid en-
vironments with abrupt growth of annual plants after unusual precipitation or drought-related phenotypical changes in normally
humid areas).

‘We are using also only northern hemisphere data and it would be also interesting compare both hemisphere, which as far as
we understand would be possible but we do not think that it is necessary for making a proof of concept analysis as the one we

present here as we argue in discussion section.

i-net PDFC comparison results from 11/10/2021
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On the other hand, our informational approach using Fisher Information as a measure of the entropy production stability leads
very straightforward to the medical notion of homeostasis, that has been re-framed in terms of time series analysis by Fossion
et al. (2018). In their work they found that when the human body needs to maintain some homeostatic physiological process
(keep it within a defined range of values) such as blood pressure, this is only achieved by coupling it with another process
that absorbs variability from the environment. For homeostasis of blood pressure, heart rate needs to absorb environmental
volatility. In their work they show that healthy people have a blood pressure that is normally distributed, while heart rate is fat-
tailed to the right. Whereas when there is a chronic disease such as diabetes, blood pressure is no longer Gaussian and generates
a fat-tail to the left, while heart rate becomes normally distributed. When a process is normally distributed, it means that there
is a well-defined characteristic scale around which all values are clustered, with very few extreme values. Conversely, having
fat-tails means that there are many extreme events, which in fact dominate the phenomenon to the degree that the characteristic
scale can be lost.

Considering the above, we could explain why threshold transgressions were rarely detectable as an effect of the homeostatic
processes in Ecosystems that actually tries to prevent tipping point events. For example, we could consider ecosystem functions
as homeostatic processes maintained by the fl uctuations in species composition. Then compositional shifts should be much
more prone to threshold dynamics than ecosystem functions.

Also interesting is the similarity between the results of Fossion et al. (2018) with Taleb’s ideas about Antifragility (Taleb,
2012). This made us reconceptualise ecosystem homeostasis or resilience, as it is generally identified in ecology, as a particular
case of Taleb’s conceptual framework in which a system can be fragile, robust or antifragile, depending on how it responds to
disturbances in its environment (see Fig. 1). As quantitative Antifragility is measured as the system’s response to perturbation,
in order to evaluate it one needs to identify the adequate payoff function; in this case we have discussed it is planetary entropy
production, which may be approximated by Earth’s albedo.

Using published data (He et al., 2014) we calculated Fisher Information for 1988—2010 of Northern Hemisphere albedo
which exhibits an oscillation with a mean value of 3.59, a maximum value of 5.35, minimum of 2.55 and a net reduction
of 47.63%. So it is not only that the planet is decreasing its albedo as a response of human perturbations (mainly Climate
Change and Land use change) as the data show, with a rate of 0.0013 per decade (p < 0.01) that is in agreement with findings
by Marcianesi et al. (2020) who calculated for example a global Clear-sky albedo (%) decrease of 0.24% per decade, with a
confidence of 99% for land; and a decrease of 0.66% per decade, with a confidence of 99% for land. As albedo is a proxy of
Entropy production, what Michaelian recognized as the thermodynamic function of life (Michaelian, 2012), loss of albedo’s
stability means the planet is losing a key feature of its dynamics: the planet’s Antifragility.

This means that we may have a compounding problem because human perturbation such as Climate Change is increasing

but at the same time the planet is losing its capacity to respond to it. In that sense we need to not only to reduce or capture CO2

135

140

145

2.3 Stability analysis using Fisher Information

Consider a dynamical system characterized by a phase space s = (21, ..., Z;,..., Z,, ) built up n state variables ; under which a

measurement y is made, then we can define the quality of the measurement by its Fisher information

T
il s//z
19)=7 / St ®)
0

where 7 is the time period required for the system to complete a cycle; s'(t) and s”(t) are the tangential velocity and accelera-

tion of the system in the phase space, calculated as a function of the state variables z; given by

s (t)

” _ 1 <= (dz; dx;
@ = T(t);(dt dt2>' D

This dynamic interpretation of Fisher information (Frieden et.al. 2007; and Fath, 2002) implies that if the system is a

(6)

constraint to small tangential velocities and acceleration, then in a specific measurement time range the system will occupy a
small hyper-volume which is interpreted as the system is stable.

In this way, dynamic stability corresponds with higher levels of constant Fisher information. Then self-organized systems
would tend to reduce their variability by gaining Fisher information. On the other hand, a loss of stability would look like
a reduction in the system’s Fisher information, and even more, sudden sharp changes could be used as an early warning of

tipping points.

3 Results

In Fig. 2 we show the Fisher Information for 1988-2010 (the algorithm requires an initial calculation using the first 7 data
points) of Northern Hemisphere albedo, which exhibits an oscillation with a mean value of 3.59, a maximum value of 5.35 in
1988, minimum of 2.55 in 1998 and a net reduction of 47.63% between 1988 and 2010. The reduction does not occur linearly,
but shows an oscillating behavior: A first decrease happened between 1988 and 1998, followed by a gradual increase until 2007
to again decrease until 2010.

These results are not meant to nrovide a comnlete data analvsis on Planetarv antifracilitv nsine Fisher information of land

i-net PDFC comparison results from 11/10/2021

Page 6/15



The text "On the other hand, our informational approach" was replaced by "2.3 Stability analysis"

The text "using" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu" to "Nimbus Rom No9L Medi", The location of the text has been changed ( 240.581 : 143.191 ) -> ( 143.643 : 38.309 )

The text "Fisher" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu" to "Nimbus Rom No9L Medi", The location of the text has been changed ( 264.082 : 143.191 ) -> ( 168.839 : 38.309 )

The text "Information" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu" to "Nimbus Rom No9L Medi", The location of the text has been changed ( 290.902 : 143.191 ) -> ( 198.448 : 38.309 )

The text "as" was replaced by "Consider"

The text "a" has been modified: The location of the text has been changed ( 350.627 : 143.191 ) -> ( 84.894 : 65.060 )

The text "measure of the entropy production stability leads very straightforward to the medical notion of homeostasis" was removed

The text "," has been modified: The location of the text has been changed ( 277.213 : 159.927 ) -> ( 140.546 : 81.746 )

The text "that has been re-framed in terms" was replaced by "then we can deﬁne the quality"

The text "of" has been modified: The location of the text has been changed ( 413.810 : 159.927 ) -> ( 267.270 : 81.746 )

The text "time series analysis" was replaced by "the measurement"

The text "by" has been modified: The location of the text has been changed ( 504.848 : 159.927 ) -> ( 348.336 : 81.746 )

The text "Fossion 120 et al." was replaced by "its Fisher information"

The text "(" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu" to "CMR10", The location of the text has been changed ( 69.144 : 176.665 ) -> ( 52.756 : 130.757 )

The text "2018" was replaced by "s"

The text ")" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu" to "CMR10", The location of the text has been changed ( 92.387 : 176.665 ) -> ( 61.300 : 130.757 )

The text ". In their work they found that when the human body needs to maintain some homeostatic physiological process" was removed

The text "(" has been modified: The location of the text has been changed ( 46.489 : 193.402 ) -> ( 536.604 : 130.757 )

The text "keep it within a deﬁned range of values" was replaced by "5"

The text ")" has been modified: The location of the text has been changed ( 212.057 : 193.402 ) -> ( 544.903 : 130.757 )

The text "such as blood pressure, this" was removed

The text "is" has been modified: The location of the text has been changed ( 334.557 : 193.402 ) -> ( 81.101 : 164.858 )

The text "the" has been modified: The location of the text has been changed ( 165.333 : 210.139 ) -> ( 90.137 : 164.858 )

The text "environment. For homeostasis of blood pressure, heart rate needs" was replaced by "time period required for the system"

The text "to" has been modified: The location of the text has been changed ( 450.054 : 210.139 ) -> ( 246.919 : 164.858 )

The text "absorb environmental volatility. In their work they show that healthy people have" was replaced by "complete"

The text "only achieved by coupling it with another process that absorbs variability from" was removed

The text "a" has been modified: The location of the text has been changed ( 281.885 : 226.876 ) -> ( 295.984 : 164.858 )

The text "blood pressure that is normally distributed, while heart rate is fattailed  to" was removed

The text "the" has been modified: The location of the text has been changed ( 80.581 : 243.613 ) -> ( 404.885 : 164.858 )

The text "right. Whereas when there is a chronic disease such as diabetes, blood pressure is no longer Gaussian" was replaced by "tangential velocity"

The text "and" has been modified: The location of the text has been changed ( 494.118 : 243.613 ) -> ( 495.495 : 164.858 )

The text "generates 125 a fat-tail to" was replaced by "acceleration "

The text "the" has been modified: The location of the text has been changed ( 92.765 : 260.350 ) -> ( 75.270 : 181.686 )

The text "left" was replaced by "system in the phase space"

The text "," has been modified: The location of the text has been changed ( 120.770 : 260.350 ) -> ( 192.311 : 181.686 )

The text "while heart rate becomes normally distributed. When" was replaced by "calculated as"

The text "a" has been modified: The location of the text has been changed ( 340.156 : 260.350 ) -> ( 250.960 : 181.686 )

The text "process is normally distributed" was replaced by "function of the state variables xi given by"

The text "," has been modified: The location of the text has been changed ( 469.690 : 260.350 ) -> ( 389.630 : 296.535 )

The text "it means" was replaced by "2002) implies"

The text "that" has been modified: The location of the text has been changed ( 510.815 : 260.350 ) -> ( 456.539 : 296.535 )

The text "there" was replaced by "if the system"

The text "is" has been modified: The location of the text has been changed ( 46.489 : 277.087 ) -> ( 533.201 : 296.535 )

The text "a" has been modified: The location of the text has been changed ( 55.894 : 277.087 ) -> ( 543.802 : 296.535 )

The text "well-deﬁned characteristic scale around which all values are clustered, with very few extreme values. Conversely, having fat-tails means that there are many extreme events" was replaced by "constraint to small tangential velocities and acceleration"

The text "," has been modified: The location of the text has been changed ( 244.217 : 293.825 ) -> ( 271.493 : 313.272 )

The text "which" was replaced by "then"

The text "in" has been modified: The location of the text has been changed ( 275.609 : 293.825 ) -> ( 296.649 : 313.272 )

The text "fact dominate the phenomenon to the degree that the characteristic scale can be lost. Considering" was replaced by "a speciﬁc measurement time range"

The text "the" has been modified: The location of the text has been changed ( 107.490 : 327.299 ) -> ( 448.748 : 313.272 )

The text "above, we could explain why threshold transgressions were rarely detectable" was replaced by "system will occupy a"

The text "an effect of" was removed

The text "as" has been modified: The location of the text has been changed ( 427.818 : 327.299 ) -> ( 210.124 : 330.009 )

The text "the" has been modified: The location of the text has been changed ( 485.571 : 327.299 ) -> ( 220.913 : 330.009 )

The text "homeostatic 130 processes in Ecosystems that actually tries to prevent tipping point events" was removed

The text "." has been modified: The location of the text has been changed ( 335.135 : 344.036 ) -> ( 298.123 : 330.009 )

The text "For example" was replaced by "In this way"

The text "," has been modified: The location of the text has been changed ( 389.122 : 344.036 ) -> ( 101.054 : 346.746 )

The text "we could consider ecosystem functions as homeostatic processes maintained by the ﬂuctuations in species composition" was replaced by "dynamic stability corresponds with higher levels of constant Fisher information"

The text "." has been modified: The location of the text has been changed ( 369.387 : 360.773 ) -> ( 427.857 : 346.746 )

The text "Then" has been modified: The location of the text has been changed ( 375.155 : 360.773 ) -> ( 433.386 : 346.746 )

The text "compositional shifts should be much more prone" was replaced by "self-organized systems"

The text "to" has been modified: The location of the text has been changed ( 94.628 : 377.510 ) -> ( 95.235 : 363.483 )

The text "threshold dynamics than ecosystem functions" was replaced by "reduce their variability by gaining Fisher information"

The text "." has been modified: The location of the text has been changed ( 285.840 : 377.510 ) -> ( 324.016 : 363.483 )

The text "Also interesting is the similarity between" was replaced by "On"

The text "the" has been modified: The location of the text has been changed ( 225.388 : 394.248 ) -> ( 345.466 : 363.483 )

The text "results of Fossion et al. (2018) with Taleb"s ideas about Antifragility (Taleb, 2012). This made us reconceptualise ecosystem homeostasis or resilience, as it is generally identiﬁed in ecology" was replaced by "other hand"

The text "," has been modified: The location of the text has been changed ( 488.250 : 410.985 ) -> ( 404.275 : 363.483 )

The text "a" has been modified: The location of the text has been changed ( 503.423 : 410.985 ) -> ( 410.163 : 363.483 )

The text "particular 135 case" was removed

The text "of" has been modified: The location of the text has been changed ( 66.225 : 427.722 ) -> ( 436.873 : 363.483 )

The text "Taleb"s conceptual framework in which" was replaced by "stability would look like"

The text "a" has been modified: The location of the text has been changed ( 237.213 : 427.722 ) -> ( 46.488 : 380.220 )

The text "system can be fragile, robust or antifragile, depending on how it responds to disturbances" was replaced by "reduction"

The text "as" was removed

The text "in" has been modified: The location of the text has been changed ( 98.723 : 444.459 ) -> ( 95.046 : 380.220 )

The text "the" has been modified: The location of the text has been changed ( 398.218 : 444.459 ) -> ( 106.054 : 380.220 )

The text "system"s" has been modified: The location of the text has been changed ( 412.823 : 444.459 ) -> ( 121.477 : 380.220 )

The text "response to perturbation" was replaced by "Fisher information"

The text "," has been modified: The location of the text has been changed ( 545.734 : 444.459 ) -> ( 234.253 : 380.220 )

The text "in order to evaluate it one needs to identify the adequate payoff function; in this case we have discussed it is planetary entropy production" was replaced by "and even more"

The text "," has been modified: The location of the text has been changed ( 89.657 : 477.933 ) -> ( 299.777 : 380.220 )

The text "which may" was replaced by "sudden sharp changes could"

The text "be" has been modified: The location of the text has been changed ( 141.124 : 477.933 ) -> ( 422.566 : 380.220 )

The text "approximated by Earth"s albedo" was replaced by "used as an early warning of tipping points"

The text "." has been modified: The location of the text has been changed ( 280.022 : 477.933 ) -> ( 101.571 : 396.958 )

The text "its environment (see Fig. 1). As quantitative Antifragility is measured as" was removed

The text "Using published data (He et al" was removed

The text "." has been modified: The location of the text has been changed ( 182.150 : 494.671 ) -> ( 71.355 : 460.320 )

The text ", 2014)" was replaced by "2"

The text "we" has been modified: The location of the text has been changed ( 217.278 : 494.671 ) -> ( 85.392 : 460.320 )

The text "calculated" was replaced by "show the"

The text "Fisher" has been modified: The location of the text has been changed ( 276.177 : 494.671 ) -> ( 139.808 : 460.320 )

The text "Information" has been modified: The location of the text has been changed ( 304.530 : 494.671 ) -> ( 167.992 : 460.320 )

The text "for" has been modified: The location of the text has been changed ( 355.569 : 494.671 ) -> ( 218.861 : 460.320 )

The text "1988–2010" has been modified: The location of the text has been changed ( 370.632 : 485.421 ) -> ( 233.765 : 453.520 )

The text "of" has been modified: The location of the text has been changed ( 418.911 : 494.671 ) -> ( 76.814 : 477.057 )

The text "Northern" has been modified: The location of the text has been changed ( 430.657 : 494.671 ) -> ( 87.763 : 477.057 )

The text "Hemisphere" has been modified: The location of the text has been changed ( 470.069 : 494.671 ) -> ( 126.378 : 477.057 )

The text "albedo" has been modified: The location of the text has been changed ( 521.665 : 494.671 ) -> ( 177.167 : 477.057 )

The text "140" was replaced by ","

The text "which" has been modified: The location of the text has been changed ( 46.489 : 511.408 ) -> ( 208.868 : 477.057 )

The text "exhibits" has been modified: The location of the text has been changed ( 74.374 : 511.408 ) -> ( 235.867 : 477.057 )

The text "an" has been modified: The location of the text has been changed ( 109.313 : 511.408 ) -> ( 269.929 : 477.057 )

The text "oscillation" has been modified: The location of the text has been changed ( 122.264 : 511.408 ) -> ( 281.984 : 477.057 )

The text "with" has been modified: The location of the text has been changed ( 167.315 : 511.408 ) -> ( 326.148 : 477.057 )

The text "a" has been modified: The location of the text has been changed ( 188.565 : 511.408 ) -> ( 346.512 : 477.057 )

The text "mean" has been modified: The location of the text has been changed ( 196.526 : 511.408 ) -> ( 353.585 : 477.057 )

The text "value" has been modified: The location of the text has been changed ( 221.641 : 511.408 ) -> ( 377.814 : 477.057 )

The text "of" has been modified: The location of the text has been changed ( 246.508 : 511.408 ) -> ( 401.794 : 477.057 )

The text "3.59," has been modified: The location of the text has been changed ( 258.353 : 502.158 ) -> ( 412.743 : 470.257 )

The text "a" has been modified: The location of the text has been changed ( 281.815 : 511.408 ) -> ( 435.318 : 477.057 )

The text "maximum" has been modified: The location of the text has been changed ( 289.775 : 511.408 ) -> ( 442.392 : 477.057 )

The text "value" has been modified: The location of the text has been changed ( 333.720 : 511.408 ) -> ( 485.450 : 477.057 )

The text "of" has been modified: The location of the text has been changed ( 358.587 : 511.408 ) -> ( 509.430 : 477.057 )

The text "5.35" has been modified: The location of the text has been changed ( 370.423 : 511.408 ) -> ( 520.379 : 477.057 )

The text "," has been modified: The location of the text has been changed ( 387.857 : 511.408 ) -> ( 66.413 : 493.794 )

The text "minimum" has been modified: The location of the text has been changed ( 393.895 : 511.408 ) -> ( 71.335 : 493.794 )

The text "of" has been modified: The location of the text has been changed ( 436.186 : 511.408 ) -> ( 112.520 : 493.794 )

The text "2.55" has been modified: The location of the text has been changed ( 448.021 : 511.408 ) -> ( 123.250 : 493.794 )

The text "and" has been modified: The location of the text has been changed ( 468.993 : 511.408 ) -> ( 175.663 : 493.794 )

The text "a" has been modified: The location of the text has been changed ( 486.915 : 511.408 ) -> ( 192.480 : 493.794 )

The text "net" has been modified: The location of the text has been changed ( 494.875 : 511.408 ) -> ( 199.334 : 493.794 )

The text "reduction" has been modified: The location of the text has been changed ( 510.596 : 511.408 ) -> ( 213.949 : 493.794 )

The text "of" has been modified: The location of the text has been changed ( 46.489 : 528.145 ) -> ( 254.009 : 493.794 )

The text "47" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 58.216 : 528.145 ) -> ( 264.739 : 493.794 )

The text "." has been modified: Font-Family was changed from "CMMI10" to "Nimbus Rom No9L Regu", Font-Style was changed from italic to plain, The location of the text has been changed ( 68.179 : 528.145 ) -> ( 274.701 : 493.794 )

The text "63%" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 70.946 : 528.145 ) -> ( 277.192 : 493.794 )

The text "." has been modified: The location of the text has been changed ( 89.211 : 528.145 ) -> ( 392.619 : 493.794 )

The text "So it is" was replaced by "The reduction does"

The text "not" has been modified: The location of the text has been changed ( 128.125 : 528.145 ) -> ( 476.215 : 493.794 )

The text "only that the planet is decreasing its albedo as a response of human perturbations (mainly Climate Change and Land use change) as the data show" was replaced by "occur linearly"

The text "," has been modified: The location of the text has been changed ( 234.383 : 544.882 ) -> ( 545.734 : 493.794 )

The text "with a rate of 0.0013 per decade (p < 0.01) that is in agreement with ﬁndings by Marcianesi et al. (2020) who calculated for example a global Clear-sky albedo (%)" was removed

The text "decrease" has been modified: The location of the text has been changed ( 397.063 : 561.619 ) -> ( 209.765 : 510.531 )

The text "of 0.24% per decade, with a conﬁdence of 99% for land;" was removed

The text "and" has been modified: The location of the text has been changed ( 161.676 : 578.356 ) -> ( 343.951 : 510.531 )

The text "a" has been modified: The location of the text has been changed ( 178.842 : 578.356 ) -> ( 434.491 : 510.531 )

The text "decrease" has been modified: The location of the text has been changed ( 186.055 : 578.356 ) -> ( 80.749 : 527.268 )

The text "of 0.66% per decade, with" was replaced by "until 2010."

The text "a" has been modified: The location of the text has been changed ( 331.950 : 578.356 ) -> ( 213.531 : 544.006 )

The text "conﬁdence" was replaced by "complete data analysis on Planetary antifragility using Fisher information"

The text "of" has been modified: The location of the text has been changed ( 385.100 : 578.356 ) -> ( 519.911 : 544.006 )

The text "land" has been modified: The location of the text has been changed ( 431.626 : 578.356 ) -> ( 531.069 : 544.006 )

The text "albedo" has been modified: The location of the text has been changed ( 467.909 : 578.356 ) -> ( 46.488 : 560.743 )

The text "(" has been modified: The location of the text has been changed ( 402.851 : 595.093 ) -> ( 75.937 : 560.743 )

The text "Michaelian, 2012" was replaced by "consider the already discussed oceanic and hemispheric contributions"

The text ")" has been modified: The location of the text has been changed ( 476.405 : 595.093 ) -> ( 358.776 : 560.743 )

The text ", loss of albedo"s stability means" was replaced by ". We are presenting some preliminary analysis"

The text "99% for" was removed

The text ". As" was removed

The text "is a proxy of 145 Entropy production, what Michaelian recognized as the thermodynamic function of life" was removed

The text "On the other hand, our informational approach" was replaced by "2.3 Stability analysis"

The text "using" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu" to "Nimbus Rom No9L Medi", The location of the text has been changed ( 240.581 : 143.191 ) -> ( 143.643 : 38.309 )

The text "Fisher" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu" to "Nimbus Rom No9L Medi", The location of the text has been changed ( 264.082 : 143.191 ) -> ( 168.839 : 38.309 )

The text "Information" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu" to "Nimbus Rom No9L Medi", The location of the text has been changed ( 290.902 : 143.191 ) -> ( 198.448 : 38.309 )

The text "as" was replaced by "Consider"

The text "a" has been modified: The location of the text has been changed ( 350.627 : 143.191 ) -> ( 84.894 : 65.060 )

The text "dynamical system characterized by a phase space s = (x1; :::; xi;:::; xm) built up n state variables xi under which a measurement y is made" was added

The text "," has been modified: The location of the text has been changed ( 277.213 : 159.927 ) -> ( 140.546 : 81.746 )

The text "that has been re-framed in terms" was replaced by "then we can deﬁne the quality"

The text "of" has been modified: The location of the text has been changed ( 413.810 : 159.927 ) -> ( 267.270 : 81.746 )

The text "time series analysis" was replaced by "the measurement"

The text "by" has been modified: The location of the text has been changed ( 504.848 : 159.927 ) -> ( 348.336 : 81.746 )

The text "Fossion 120 et al." was replaced by "its Fisher information"

The text "T Z s002 1 130 I" was added

The line "line(7x0)" was added

The line "line(14x0)" was added

The text "(" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu" to "CMR10", The location of the text has been changed ( 69.144 : 176.665 ) -> ( 52.756 : 130.757 )

The text "2018" was replaced by "s"

The text ")" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu" to "CMR10", The location of the text has been changed ( 92.387 : 176.665 ) -> ( 61.300 : 130.757 )

The text "= dt;" was added

The text "(" has been modified: The location of the text has been changed ( 46.489 : 193.402 ) -> ( 536.604 : 130.757 )

The text "keep it within a deﬁned range of values" was replaced by "5"

The text ")" has been modified: The location of the text has been changed ( 212.057 : 193.402 ) -> ( 544.903 : 130.757 )

The text "T s04 0 where" was added

The text "is" has been modified: The location of the text has been changed ( 334.557 : 193.402 ) -> ( 81.101 : 164.858 )

The text "the" has been modified: The location of the text has been changed ( 165.333 : 210.139 ) -> ( 90.137 : 164.858 )

The text "environment. For homeostasis of blood pressure, heart rate needs" was replaced by "time period required for the system"

The text "to" has been modified: The location of the text has been changed ( 450.054 : 210.139 ) -> ( 246.919 : 164.858 )

The text "absorb environmental volatility. In their work they show that healthy people have" was replaced by "complete"

The text "a" has been modified: The location of the text has been changed ( 281.885 : 226.876 ) -> ( 295.984 : 164.858 )

The text "cycle; s0(t) and s00(t) are" was added

The text "the" has been modified: The location of the text has been changed ( 80.581 : 243.613 ) -> ( 404.885 : 164.858 )

The text "right. Whereas when there is a chronic disease such as diabetes, blood pressure is no longer Gaussian" was replaced by "tangential velocity"

The text "and" has been modified: The location of the text has been changed ( 494.118 : 243.613 ) -> ( 495.495 : 164.858 )

The text "generates 125 a fat-tail to" was replaced by "acceleration "

The text "of" was added

The line "line(51x0)" was added

The text "the" has been modified: The location of the text has been changed ( 92.765 : 260.350 ) -> ( 75.270 : 181.686 )

The text "left" was replaced by "system in the phase space"

The text "," has been modified: The location of the text has been changed ( 120.770 : 260.350 ) -> ( 192.311 : 181.686 )

The text "while heart rate becomes normally distributed. When" was replaced by "calculated as"

The text "a" has been modified: The location of the text has been changed ( 340.156 : 260.350 ) -> ( 250.960 : 181.686 )

The text "process is normally distributed" was replaced by "function of the state variables xi given by"

The text "v u m 2 X u dxi 0 t s (t) = ; (6) dt i m 2 X 1 dxi d xi s00 (t) = : (7) s0 (t) dt dt2 i 135 This dynamic interpretation of Fisher information (Frieden et.al. 2007; and Fath" was added

The line "line(14x0)" was added

The line "line(20x0)" was added

The line "line(14x0)" was added

The line "line(19x0)" was added

The text "," has been modified: The location of the text has been changed ( 469.690 : 260.350 ) -> ( 389.630 : 296.535 )

The text "it means" was replaced by "2002) implies"

The text "that" has been modified: The location of the text has been changed ( 510.815 : 260.350 ) -> ( 456.539 : 296.535 )

The text "there" was replaced by "if the system"

The text "is" has been modified: The location of the text has been changed ( 46.489 : 277.087 ) -> ( 533.201 : 296.535 )

The text "a" has been modified: The location of the text has been changed ( 55.894 : 277.087 ) -> ( 543.802 : 296.535 )

The text "well-deﬁned characteristic scale around which all values are clustered, with very few extreme values. Conversely, having fat-tails means that there are many extreme events" was replaced by "constraint to small tangential velocities and acceleration"

The text "," has been modified: The location of the text has been changed ( 244.217 : 293.825 ) -> ( 271.493 : 313.272 )

The text "which" was replaced by "then"

The text "in" has been modified: The location of the text has been changed ( 275.609 : 293.825 ) -> ( 296.649 : 313.272 )

The text "fact dominate the phenomenon to the degree that the characteristic scale can be lost. Considering" was replaced by "a speciﬁc measurement time range"

The text "the" has been modified: The location of the text has been changed ( 107.490 : 327.299 ) -> ( 448.748 : 313.272 )

The text "above, we could explain why threshold transgressions were rarely detectable" was replaced by "system will occupy a"

The text "small hyper-volume which is interpreted" was added

The text "as" has been modified: The location of the text has been changed ( 427.818 : 327.299 ) -> ( 210.124 : 330.009 )

The text "the" has been modified: The location of the text has been changed ( 485.571 : 327.299 ) -> ( 220.913 : 330.009 )

The text "system is stable" was added

The text "." has been modified: The location of the text has been changed ( 335.135 : 344.036 ) -> ( 298.123 : 330.009 )

The text "For example" was replaced by "In this way"

The text "," has been modified: The location of the text has been changed ( 389.122 : 344.036 ) -> ( 101.054 : 346.746 )

The text "we could consider ecosystem functions as homeostatic processes maintained by the ﬂuctuations in species composition" was replaced by "dynamic stability corresponds with higher levels of constant Fisher information"

The text "." has been modified: The location of the text has been changed ( 369.387 : 360.773 ) -> ( 427.857 : 346.746 )

The text "Then" has been modified: The location of the text has been changed ( 375.155 : 360.773 ) -> ( 433.386 : 346.746 )

The text "compositional shifts should be much more prone" was replaced by "self-organized systems"

The text "would tend" was added

The text "to" has been modified: The location of the text has been changed ( 94.628 : 377.510 ) -> ( 95.235 : 363.483 )

The text "threshold dynamics than ecosystem functions" was replaced by "reduce their variability by gaining Fisher information"

The text "." has been modified: The location of the text has been changed ( 285.840 : 377.510 ) -> ( 324.016 : 363.483 )

The text "Also interesting is the similarity between" was replaced by "On"

The text "the" has been modified: The location of the text has been changed ( 225.388 : 394.248 ) -> ( 345.466 : 363.483 )

The text "results of Fossion et al. (2018) with Taleb"s ideas about Antifragility (Taleb, 2012). This made us reconceptualise ecosystem homeostasis or resilience, as it is generally identiﬁed in ecology" was replaced by "other hand"

The text "," has been modified: The location of the text has been changed ( 488.250 : 410.985 ) -> ( 404.275 : 363.483 )

The text "a" has been modified: The location of the text has been changed ( 503.423 : 410.985 ) -> ( 410.163 : 363.483 )

The text "loss" was added

The text "of" has been modified: The location of the text has been changed ( 66.225 : 427.722 ) -> ( 436.873 : 363.483 )

The text "Taleb"s conceptual framework in which" was replaced by "stability would look like"

The text "140" was added

The text "a" has been modified: The location of the text has been changed ( 237.213 : 427.722 ) -> ( 46.488 : 380.220 )

The text "system can be fragile, robust or antifragile, depending on how it responds to disturbances" was replaced by "reduction"

The text "in" has been modified: The location of the text has been changed ( 98.723 : 444.459 ) -> ( 95.046 : 380.220 )

The text "the" has been modified: The location of the text has been changed ( 398.218 : 444.459 ) -> ( 106.054 : 380.220 )

The text "system"s" has been modified: The location of the text has been changed ( 412.823 : 444.459 ) -> ( 121.477 : 380.220 )

The text "response to perturbation" was replaced by "Fisher information"

The text "," has been modified: The location of the text has been changed ( 545.734 : 444.459 ) -> ( 234.253 : 380.220 )

The text "in order to evaluate it one needs to identify the adequate payoff function; in this case we have discussed it is planetary entropy production" was replaced by "and even more"

The text "," has been modified: The location of the text has been changed ( 89.657 : 477.933 ) -> ( 299.777 : 380.220 )

The text "which may" was replaced by "sudden sharp changes could"

The text "be" has been modified: The location of the text has been changed ( 141.124 : 477.933 ) -> ( 422.566 : 380.220 )

The text "approximated by Earth"s albedo" was replaced by "used as an early warning of tipping points"

The text "." has been modified: The location of the text has been changed ( 280.022 : 477.933 ) -> ( 101.571 : 396.958 )

The text "(the algorithm requires an initial calculation using the ﬁrst 7 data points)" was added

The text "3 Results In Fig" was added

The text "." has been modified: The location of the text has been changed ( 182.150 : 494.671 ) -> ( 71.355 : 460.320 )

The text ", 2014)" was replaced by "2"

The text "we" has been modified: The location of the text has been changed ( 217.278 : 494.671 ) -> ( 85.392 : 460.320 )

The text "calculated" was replaced by "show the"

The text "Fisher" has been modified: The location of the text has been changed ( 276.177 : 494.671 ) -> ( 139.808 : 460.320 )

The text "Information" has been modified: The location of the text has been changed ( 304.530 : 494.671 ) -> ( 167.992 : 460.320 )

The text "for" has been modified: The location of the text has been changed ( 355.569 : 494.671 ) -> ( 218.861 : 460.320 )

The text "1988–2010" has been modified: The location of the text has been changed ( 370.632 : 485.421 ) -> ( 233.765 : 453.520 )

The text "in 145 1988" was added

The text "of" has been modified: The location of the text has been changed ( 418.911 : 494.671 ) -> ( 76.814 : 477.057 )

The text "Northern" has been modified: The location of the text has been changed ( 430.657 : 494.671 ) -> ( 87.763 : 477.057 )

The text "Hemisphere" has been modified: The location of the text has been changed ( 470.069 : 494.671 ) -> ( 126.378 : 477.057 )

The text "albedo" has been modified: The location of the text has been changed ( 521.665 : 494.671 ) -> ( 177.167 : 477.057 )

The text "in 1998" was added

The text "between 1988 and 2010" was added

The text "140" was replaced by ","

The text "which" has been modified: The location of the text has been changed ( 46.489 : 511.408 ) -> ( 208.868 : 477.057 )

The text "exhibits" has been modified: The location of the text has been changed ( 74.374 : 511.408 ) -> ( 235.867 : 477.057 )

The text "an" has been modified: The location of the text has been changed ( 109.313 : 511.408 ) -> ( 269.929 : 477.057 )

The text "oscillation" has been modified: The location of the text has been changed ( 122.264 : 511.408 ) -> ( 281.984 : 477.057 )

The text "with" has been modified: The location of the text has been changed ( 167.315 : 511.408 ) -> ( 326.148 : 477.057 )

The text "a" has been modified: The location of the text has been changed ( 188.565 : 511.408 ) -> ( 346.512 : 477.057 )

The text "mean" has been modified: The location of the text has been changed ( 196.526 : 511.408 ) -> ( 353.585 : 477.057 )

The text "value" has been modified: The location of the text has been changed ( 221.641 : 511.408 ) -> ( 377.814 : 477.057 )

The text "of" has been modified: The location of the text has been changed ( 246.508 : 511.408 ) -> ( 401.794 : 477.057 )

The text "3.59," has been modified: The location of the text has been changed ( 258.353 : 502.158 ) -> ( 412.743 : 470.257 )

The text "a" has been modified: The location of the text has been changed ( 281.815 : 511.408 ) -> ( 435.318 : 477.057 )

The text "maximum" has been modified: The location of the text has been changed ( 289.775 : 511.408 ) -> ( 442.392 : 477.057 )

The text "value" has been modified: The location of the text has been changed ( 333.720 : 511.408 ) -> ( 485.450 : 477.057 )

The text "of" has been modified: The location of the text has been changed ( 358.587 : 511.408 ) -> ( 509.430 : 477.057 )

The text "5.35" has been modified: The location of the text has been changed ( 370.423 : 511.408 ) -> ( 520.379 : 477.057 )

The text "," has been modified: The location of the text has been changed ( 387.857 : 511.408 ) -> ( 66.413 : 493.794 )

The text "minimum" has been modified: The location of the text has been changed ( 393.895 : 511.408 ) -> ( 71.335 : 493.794 )

The text "of" has been modified: The location of the text has been changed ( 436.186 : 511.408 ) -> ( 112.520 : 493.794 )

The text "2.55" has been modified: The location of the text has been changed ( 448.021 : 511.408 ) -> ( 123.250 : 493.794 )

The text "and" has been modified: The location of the text has been changed ( 468.993 : 511.408 ) -> ( 175.663 : 493.794 )

The text "a" has been modified: The location of the text has been changed ( 486.915 : 511.408 ) -> ( 192.480 : 493.794 )

The text "net" has been modified: The location of the text has been changed ( 494.875 : 511.408 ) -> ( 199.334 : 493.794 )

The text "reduction" has been modified: The location of the text has been changed ( 510.596 : 511.408 ) -> ( 213.949 : 493.794 )

The text "of" has been modified: The location of the text has been changed ( 46.489 : 528.145 ) -> ( 254.009 : 493.794 )

The text "47" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 58.216 : 528.145 ) -> ( 264.739 : 493.794 )

The text "." has been modified: Font-Family was changed from "CMMI10" to "Nimbus Rom No9L Regu", Font-Style was changed from italic to plain, The location of the text has been changed ( 68.179 : 528.145 ) -> ( 274.701 : 493.794 )

The text "63%" has been modified: Font-Family was changed from "CMR10" to "Nimbus Rom No9L Regu", The location of the text has been changed ( 70.946 : 528.145 ) -> ( 277.192 : 493.794 )

The text "." has been modified: The location of the text has been changed ( 89.211 : 528.145 ) -> ( 392.619 : 493.794 )

The text "So it is" was replaced by "The reduction does"

The text "not" has been modified: The location of the text has been changed ( 128.125 : 528.145 ) -> ( 476.215 : 493.794 )

The text "only that the planet is decreasing its albedo as a response of human perturbations (mainly Climate Change and Land use change) as the data show" was replaced by "occur linearly"

The text "1998, followed by" was added

The text "gradual increase until 2007 to again" was added

The text "," has been modified: The location of the text has been changed ( 234.383 : 544.882 ) -> ( 545.734 : 493.794 )

The text "but shows an oscillating behavior: A ﬁrst" was added

The text "decrease" has been modified: The location of the text has been changed ( 397.063 : 561.619 ) -> ( 209.765 : 510.531 )

The text "happened between 1988" was added

The text "and" has been modified: The location of the text has been changed ( 161.676 : 578.356 ) -> ( 343.951 : 510.531 )

The text "a" has been modified: The location of the text has been changed ( 178.842 : 578.356 ) -> ( 434.491 : 510.531 )

The text "decrease" has been modified: The location of the text has been changed ( 186.055 : 578.356 ) -> ( 80.749 : 527.268 )

The text "of 0.66% per decade, with" was replaced by "until 2010."

The text "These results are not meant to provide" was added

The text "a" has been modified: The location of the text has been changed ( 331.950 : 578.356 ) -> ( 213.531 : 544.006 )

The text "conﬁdence" was replaced by "complete data analysis on Planetary antifragility using Fisher information"

The text "of" has been modified: The location of the text has been changed ( 385.100 : 578.356 ) -> ( 519.911 : 544.006 )

The text "land" has been modified: The location of the text has been changed ( 431.626 : 578.356 ) -> ( 531.069 : 544.006 )
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150 to show that the idea presented is scientifically sound and more importantly, to point to further future development of the this
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paper.
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Figure 2. Fisher information for July shortwave terrestrial albedo time series from GLASS data for Northern Hemisphere
Code available at:https://github.com/csunlab/fsher-information
Data is published and available in the corresponding reference (He et al., 2014). It is important to remark that an ESD Ideas article type as the present one, "presents innovative and well-founded scientific
ideas in a concise way that have not been comprehensively explored"; and then the main result of the article is the Planetary
e 155 Antifragility idea itself, that opens several paths: (1) a way to use a unified co-evolutionary representation for coupled human
and natural systems (CHANS); (2) introduce a precise and quantifiable mathematical framework to systematize the interdisci-
OL-C contributions: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Supervision, Writing — plinary nature of CHANS:; (3) promote and enhance the understanding of the dynamics of emerging, transitional and extreme
155 original draft preparation, Writing —review and editing regimes; (4) increase the interest in developing Artificial Intelligence tools (including Machine or Deep Learning) for interdis-
MK contibutions:Conceptualization, Investigation, Methodology, Supervision, Writing — original draft preparation, Writing ciplinary analysis beyond a mechanistic paradigm; (4) the potential to incorporate mathematical methods to improve decision
—review and editing 160 making processes, incorporating CHANS risks aspects.
Competing interests 4 Discussion
The authors declare that they have no conflict of interest. The Safe Operating Space for Humanity is not fully characterized by the state values of Planetary Boundaries because not only
does interaction among them matter, but more importantly the perturbation response capacity dimension is missing.
160 Acknowledgments As pointed out in a recent work (Hillebrand et.al. 2020), to understand ecosystem responses to anthropogenic global change,
165 itis key to test if the ecosystem really goes through thresholds or tipping points. In their work, the authors found that threshold
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collection and analysis, decision to publish, or preparation of the manuscript. We also thank Jonathan Kenny for valuable

proofreading.

transgressions were rarely detectable, either within or across meta-analyses.
On the one hand, as we have been highlighting in this work and also commented by (Dudney et. al. 2020), ecosystems
seldom respond to environmental drivers in isolation, and the inclusion of interacting drivers may indicate more frequent

threshold dynamics than expected from the discussed meta-analyses (Hillebrand et.al. 2020). In this way, our thermodynamic
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The text "planet is losing its capacity to respond to it. In that sense we need to not only to reduce or capture CO2 emissions, but we should also restore Earth"s Antigraﬁlity which means to restore its ecosystems" was replaced by "paper"

The text "." has been modified: The location of the text has been changed ( 431.483 : 662.042 ) -> ( 68.067 : 610.954 )

The text "150 Code/Data availability Code available at:https://github.com/csunlab/ﬁsher-information Data" was removed

The text "is" has been modified: The location of the text has been changed ( 77.752 : 186.627 ) -> ( 65.198 : 243.456 )

The text "published" was replaced by "important to remark that an ESD Ideas article type as the present one, "presents innovative"

The text "and" has been modified: The location of the text has been changed ( 128.123 : 186.627 ) -> ( 439.423 : 243.456 )

The text "available" was replaced by "well-founded scientiﬁc"

The text "in" has been modified: The location of the text has been changed ( 183.007 : 186.627 ) -> ( 69.781 : 260.193 )

The text "the" has been modified: The location of the text has been changed ( 193.248 : 186.627 ) -> ( 367.911 : 260.193 )

The text "corresponding reference (He et al." was removed

The text "," has been modified: The location of the text has been changed ( 343.733 : 186.627 ) -> ( 136.975 : 276.930 )

The text "2014)." was replaced by "that opens several paths"

The text "Author contribution OL-C contributions" was removed

The text ":" has been modified: The location of the text has been changed ( 125.353 : 249.989 ) -> ( 237.477 : 276.930 )

The text "Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Supervision, Writing 155  original draft preparation" was replaced by "(1) a way to use a uniﬁed co-evolutionary representation for coupled human"

The text "," has been modified: The location of the text has been changed ( 146.643 : 266.727 ) -> ( 446.586 : 310.405 )

The text "Writing – review" was replaced by "transitional"

The text "and" has been modified: The location of the text has been changed ( 221.681 : 266.727 ) -> ( 499.228 : 310.405 )

The text "editing MK contibutions:Conceptualization" was replaced by "extreme"

The text "," has been modified: The location of the text has been changed ( 199.306 : 283.464 ) -> ( 117.043 : 360.616 )

The text "Investigation" was replaced by "incorporating CHANS risks aspects."

The text "," has been modified: The location of the text has been changed ( 255.694 : 283.464 ) -> ( 189.421 : 440.716 )

The text "Methodology" was replaced by "but more importantly the perturbation response capacity dimension is missing."

The text "," has been modified: The location of the text has been changed ( 313.696 : 283.464 ) -> ( 275.738 : 457.453 )

The text "Supervision" was replaced by "to understand ecosystem responses to anthropogenic global change"

The text "," has been modified: The location of the text has been changed ( 366.269 : 283.464 ) -> ( 545.734 : 457.453 )

The text "Writing – original draft preparation" was removed

The text "," has been modified: The location of the text has been changed ( 512.260 : 283.464 ) -> ( 417.236 : 474.190 )

The text "Writing – review and editing" was replaced by "the"

The text "Competing interests The" was removed

The text "authors" has been modified: The location of the text has been changed ( 64.471 : 363.563 ) -> ( 436.594 : 474.190 )

The text "declare" was replaced by "found"

The text "that" has been modified: The location of the text has been changed ( 127.545 : 363.563 ) -> ( 493.849 : 474.190 )

The text "they have no conﬂict of interest" was replaced by "threshold transgressions were rarely detectable, either within or across meta-analyses"

The text "." has been modified: The location of the text has been changed ( 270.378 : 363.563 ) -> ( 346.113 : 490.927 )

The text "CONACyT fund M0037-2018-07, Number 296842, Cátedras CONACyT fellowship program" was removed

The text "160 Acknowledgments This" was removed

The text "work" has been modified: The location of the text has been changed ( 67.829 : 426.925 ) -> ( 283.967 : 507.664 )

The text "was supported" was replaced by "and also commented"

The text "by" has been modified: The location of the text has been changed ( 153.756 : 426.925 ) -> ( 395.399 : 507.664 )

The text "(" has been modified: The location of the text has been changed ( 46.489 : 443.663 ) -> ( 408.898 : 507.664 )

The text "Project Number 30" was replaced by "Dudney et. al. 2020"

The text ")," has been modified: The location of the text has been changed ( 127.853 : 434.413 ) -> ( 493.500 : 500.864 )

The text "and" has been modified: The location of the text has been changed ( 137.258 : 443.663 ) -> ( 270.248 : 524.401 )

The text "Sistema Nacional de Investigadores SNI support" was replaced by "the inclusion of interacting drivers may indicate more frequent"

The text "." has been modified: The location of the text has been changed ( 353.636 : 443.663 ) -> ( 387.139 : 541.139 )

The text "The funders had no role in study design" was replaced by "2020). In this way"

The text "," has been modified: The location of the text has been changed ( 525.530 : 443.663 ) -> ( 464.579 : 541.139 )

The text "data collection" was replaced by "our thermodynamic 170 framework using global albedo as a proxy of planetary entropy production could be interpreted as a systemic response that"

The text "and" has been modified: The location of the text has been changed ( 89.418 : 460.400 ) -> ( 126.458 : 574.613 )

The text "analysis" was replaced by "responses."

The text "," has been modified: The location of the text has been changed ( 139.540 : 460.400 ) -> ( 126.389 : 591.350 )

The text "decision" was replaced by "our informational approach using Fisher Information as a measure of the entropy production stability leads very straightforward"

The text "to" has been modified: The location of the text has been changed ( 182.518 : 460.400 ) -> ( 130.463 : 608.087 )

The text "publish" was replaced by "the medical notion of homeostasis"

The text "," has been modified: The location of the text has been changed ( 223.245 : 460.400 ) -> ( 277.132 : 608.087 )

The text "or preparation" was replaced by "which has been re-framed in terms"

The text "of" has been modified: The location of the text has been changed ( 290.323 : 460.400 ) -> ( 423.064 : 608.087 )

The text "the manuscript. We also thank Jonathan Kenny for valuable proofreading." was replaced by "time series analysis (Fossion"

The text "These results are not meant to provide" was added

The text "a" has been modified: The location of the text has been changed ( 331.950 : 578.356 ) -> ( 213.531 : 544.006 )

The text "conﬁdence" was replaced by "complete data analysis on Planetary antifragility using Fisher information"

The text "of" has been modified: The location of the text has been changed ( 385.100 : 578.356 ) -> ( 519.911 : 544.006 )

The text "land" has been modified: The location of the text has been changed ( 431.626 : 578.356 ) -> ( 531.069 : 544.006 )

The text "albedo" has been modified: The location of the text has been changed ( 467.909 : 578.356 ) -> ( 46.488 : 560.743 )

The text "(" has been modified: The location of the text has been changed ( 402.851 : 595.093 ) -> ( 75.937 : 560.743 )

The text "Michaelian, 2012" was replaced by "consider the already discussed oceanic and hemispheric contributions"

The text ")" has been modified: The location of the text has been changed ( 476.405 : 595.093 ) -> ( 358.776 : 560.743 )

The text ", loss of albedo"s stability means" was replaced by ". We are presenting some preliminary analysis"

The text "150 to show that" was added

The text "the" has been modified: The location of the text has been changed ( 109.034 : 611.831 ) -> ( 98.054 : 577.480 )

The text "planet" was replaced by "idea presented"

The text "is" has been modified: The location of the text has been changed ( 150.538 : 611.831 ) -> ( 173.093 : 577.480 )

The text "losing a key feature" was replaced by "scientiﬁcally sound and more importantly, to point to further future development"

The text "of" has been modified: The location of the text has been changed ( 240.212 : 611.831 ) -> ( 507.956 : 577.480 )

The text "the" has been modified: The location of the text has been changed ( 306.353 : 611.831 ) -> ( 518.954 : 577.480 )

The text "planet"s Antifragility" was replaced by "this"

The text "original idea" was added

The text "." has been modified: The location of the text has been changed ( 403.668 : 611.831 ) -> ( 96.680 : 594.217 )

The text "This means that" was replaced by "In Fig.3"

The text "we" has been modified: The location of the text has been changed ( 123.480 : 628.568 ) -> ( 136.032 : 594.217 )

The text "may have" was replaced by "present"

The text "a" has been modified: The location of the text has been changed ( 179.629 : 628.568 ) -> ( 181.621 : 594.217 )

The text "compounding problem because human perturbation such as Climate Change" was replaced by "visual conceptual abstract of the Planetary antifragility IDEA that"

The text "is" has been modified: The location of the text has been changed ( 497.655 : 628.568 ) -> ( 453.869 : 594.217 )

The text "the" has been modified: The location of the text has been changed ( 70.828 : 645.305 ) -> ( 463.114 : 594.217 )

The text "same time" was replaced by "main result of"

The text "the" has been modified: The location of the text has been changed ( 128.103 : 645.305 ) -> ( 536.050 : 594.217 )

The text "planet is losing its capacity to respond to it. In that sense we need to not only to reduce or capture CO2 emissions, but we should also restore Earth"s Antigraﬁlity which means to restore its ecosystems" was replaced by "paper"

The text "." has been modified: The location of the text has been changed ( 431.483 : 662.042 ) -> ( 68.067 : 610.954 )

The image "image(251x155)" was added

The text "Figure 2. Fisher information for July shortwave terrestrial albedo time series from GLASS data for Northern Hemisphere It" was added

The text "is" has been modified: The location of the text has been changed ( 77.752 : 186.627 ) -> ( 65.198 : 243.456 )

The text "published" was replaced by "important to remark that an ESD Ideas article type as the present one, "presents innovative"

The text "and" has been modified: The location of the text has been changed ( 128.123 : 186.627 ) -> ( 439.423 : 243.456 )

The text "available" was replaced by "well-founded scientiﬁc"

The text "ideas" was added

The text "in" has been modified: The location of the text has been changed ( 183.007 : 186.627 ) -> ( 69.781 : 260.193 )

The text "the" has been modified: The location of the text has been changed ( 193.248 : 186.627 ) -> ( 367.911 : 260.193 )

The text "main result of the article is the Planetary 155 Antifragility idea itself" was added

The text "," has been modified: The location of the text has been changed ( 343.733 : 186.627 ) -> ( 136.975 : 276.930 )

The text "2014)." was replaced by "that opens several paths"

The text "a concise way that have not been comprehensively explored"; and then" was added

The text ":" has been modified: The location of the text has been changed ( 125.353 : 249.989 ) -> ( 237.477 : 276.930 )

The text "Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Supervision, Writing 155  original draft preparation" was replaced by "(1) a way to use a uniﬁed co-evolutionary representation for coupled human"

The text "and natural systems (CHANS); (2) introduce a precise and quantiﬁable mathematical framework to systematize the interdisciplinary  nature of CHANS; (3) promote and enhance the understanding of the dynamics of emerging" was added

The text "," has been modified: The location of the text has been changed ( 146.643 : 266.727 ) -> ( 446.586 : 310.405 )

The text "Writing – review" was replaced by "transitional"

The text "and" has been modified: The location of the text has been changed ( 221.681 : 266.727 ) -> ( 499.228 : 310.405 )

The text "editing MK contibutions:Conceptualization" was replaced by "extreme"

The text "regimes; (4) increase the interest in developing Artiﬁcial Intelligence tools (including Machine or Deep Learning) for interdisciplinary  analysis beyond a mechanistic paradigm; (4) the potential to incorporate mathematical methods to improve decision 160 making processes" was added

The text "," has been modified: The location of the text has been changed ( 199.306 : 283.464 ) -> ( 117.043 : 360.616 )

The text "Investigation" was replaced by "incorporating CHANS risks aspects."

The text "4 Discussion The Safe Operating Space for Humanity is not fully characterized by the state values of Planetary Boundaries because not only does interaction among them matter" was added

The text "," has been modified: The location of the text has been changed ( 255.694 : 283.464 ) -> ( 189.421 : 440.716 )

The text "Methodology" was replaced by "but more importantly the perturbation response capacity dimension is missing."

The text "As pointed out in a recent work (Hillebrand et.al. 2020)" was added

The text "," has been modified: The location of the text has been changed ( 313.696 : 283.464 ) -> ( 275.738 : 457.453 )

The text "Supervision" was replaced by "to understand ecosystem responses to anthropogenic global change"

The text "," has been modified: The location of the text has been changed ( 366.269 : 283.464 ) -> ( 545.734 : 457.453 )

The text "165 it is key to test if the ecosystem really goes through thresholds or tipping points. In their work" was added

The text "," has been modified: The location of the text has been changed ( 512.260 : 283.464 ) -> ( 417.236 : 474.190 )

The text "Writing – review and editing" was replaced by "the"

The text "authors" has been modified: The location of the text has been changed ( 64.471 : 363.563 ) -> ( 436.594 : 474.190 )

The text "declare" was replaced by "found"

The text "that" has been modified: The location of the text has been changed ( 127.545 : 363.563 ) -> ( 493.849 : 474.190 )

The text "they have no conﬂict of interest" was replaced by "threshold transgressions were rarely detectable, either within or across meta-analyses"

The text "." has been modified: The location of the text has been changed ( 270.378 : 363.563 ) -> ( 346.113 : 490.927 )

The text "On the one hand, as we have been highlighting in this" was added

The text "work" has been modified: The location of the text has been changed ( 67.829 : 426.925 ) -> ( 283.967 : 507.664 )

The text "was supported" was replaced by "and also commented"

The text "by" has been modified: The location of the text has been changed ( 153.756 : 426.925 ) -> ( 395.399 : 507.664 )

The text "(" has been modified: The location of the text has been changed ( 46.489 : 443.663 ) -> ( 408.898 : 507.664 )

The text "Project Number 30" was replaced by "Dudney et. al. 2020"

The text ")," has been modified: The location of the text has been changed ( 127.853 : 434.413 ) -> ( 493.500 : 500.864 )

The text "and" has been modified: The location of the text has been changed ( 137.258 : 443.663 ) -> ( 270.248 : 524.401 )

The text "Sistema Nacional de Investigadores SNI support" was replaced by "the inclusion of interacting drivers may indicate more frequent"

The text "threshold dynamics than expected from the discussed meta-analyses (Hillebrand et.al" was added

The text "." has been modified: The location of the text has been changed ( 353.636 : 443.663 ) -> ( 387.139 : 541.139 )

The text "The funders had no role in study design" was replaced by "2020). In this way"

The text "," has been modified: The location of the text has been changed ( 525.530 : 443.663 ) -> ( 464.579 : 541.139 )

The text "data collection" was replaced by "our thermodynamic 170 framework using global albedo as a proxy of planetary entropy production could be interpreted as a systemic response that"

The text "ecosystems seldom respond to environmental drivers in isolation," was added
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Figure 3. Planetary Antifragility is a new concept based on well established non-equilibrium thermodynamic principles that measure the

Earth System’s capacity to respond to perturbations (i.e. Anthropogenic) as changes in global Fisher Information of entropy production
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But considering the overall fisher information lost, it is not only that the planet is decreasing its albedo as a response to human
perturbations (mainly Climate Change and Land use change) as the data show: if albedo is a proxy of Entropy production,
what Michaelian recognized as the thermodynamic function of life (Michaelian, 2012), then loss of albedo’s stability means
the planet is losing a key feature of its dynamics: it’s Antifragility.

This means that we may have a compounding problem because human perturbation such as Climate Change is increasing
but at the same time, the planet is losing its capacity to respond to it. In that sense, we need to not only reduce or capture CO2
emissions, but we should also restore Earth’s Antigrafility, which means to restore its ecosystems.

Now let us consider some problems or limitations: (1) In human health assessment the first-order approximation has been
identified with the previously known reference range of value of some key physiological variables such as heart rate and
systolic blood pressure. So one problem with using visible albedo as a proxy for global entropy production is we do not have
the equivalent of those reference values, which in this case should be determined for each ecosystem type. In that sense, visible
albedo should be applied in a spatially explicit way, not averaging mean values over large regions, but using local values
because the values need to be evaluated about the correct reference values.

(2) Another problem would be considering visible albedo values without their dynamics, as can be illustrated with an
analogy to human health: Consider a person with a broken arm (unhealthy state) but a healthy heart (healthy dynamics) versus
an olympic athlete (healthy state) but with a condition prone to sudden cardiac syndrome (unhealthy dynamics). Given these
two considerations, we decided not to rely on the direct value of albedo but rather its Fisher information, which encodes the
system’s dynamics in terms of its capacity to respond to perturbations.

(3) As suggested by Michaelian (2015), other problems could be that the real extent of the ecosystem considered in the
measurement depends on the height of the remote sensor because of the relation with the solid angle of the detector.

(4) Consider that an albedo value is an “instant” measurement and it could be necessary to integrate measurements across
a 24 h cycle (if possible) or other longer cycles; but perhaps this is not important for a long term analysis, as presented in
this work. Nevertheless, it does point to the fact that this work does not present a fully developed framework for Planetary
Antifragility, we still need to resolve if remote sensing measurements of albedo really can capture sufficiently well entropy
production or if other signals would be needed, which most likely would be the case in a more detailed scale, for example, a
particular ecosystem in a concrete region.

As the type of publication indicates, this is a first illustration of the general idea of using antifragility as a new dimension
in the definition of the Safe Operating Space for Humanity and after discussing some aspects of the advantages and problems
with using albedo measurements derived from satellite imagery in this manuscript, we would very much like to further explore
other variables that could be used to construct indicators for planetary antifragility.

In addition to albedo, we think it would be very interesting to eventually incorporate other entropy production sources as

could be the bioacoustic signals and maybe also ecosystem respiration. Every sound emitted by a living agent in an ecosystem
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The text "how time series of continuous monitoring reﬂect the function" was removed

The text "of" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 101.774 : 235.245 ) -> ( 141.577 : 389.790 )

The text "physiological variables" was removed

The text "in" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 196.387 : 235.245 ) -> ( 303.120 : 389.790 )

The text "regulatory mechanisms" was replaced by "agreement with ﬁndings by (Marcianesi et"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 288.894 : 235.245 ) -> ( 486.073 : 389.790 )

The text "Physiological measurement" was replaced by "al. 2020) who"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 393.303 : 235.245 ) -> ( 86.876 : 406.527 )

The text "39" was replaced by "for example, a global Clear-sky albedo"

The text "(" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 406.752 : 235.245 ) -> ( 247.075 : 406.527 )

The text "8" was replaced by "%"

The text ")" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 414.221 : 235.245 ) -> ( 258.691 : 406.527 )

The text ":" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu" to "CMMI10", Font-Size was changed from 8.966 to 9.963, Font-Style was changed from plain to italic, The location of the text has been changed ( 417.207 : 235.245 ) -> ( 316.322 : 406.527 )

The text "084007" was removed

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 446.599 : 235.245 ) -> ( 382.221 : 406.527 )

The text "2018. F Marcianesi" was replaced by "with the conﬁdence of 99% for land; and"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 93.625 : 250.587 ) -> ( 173.334 : 423.264 )

The text "G Aulicino" was replaced by "with the conﬁdence of 99% for land. In this context land-use changes might be an important"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 138.350 : 250.587 ) -> ( 519.124 : 456.738 )

The text "and P Wadhams" was replaced by "as the"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 200.603 : 250.587 ) -> ( 445.560 : 473.475 )

The text "Arctic sea ice and snow cover" was replaced by "This decrease would be"

The text "albedo" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 315.786 : 250.587 ) -> ( 501.480 : 490.212 )

The text "variability and trends during" was replaced by "as a response to teleconnected climate oscillations. Another interpretation related to this cyclical pattern could be based on critical slowing down: Strogatz 1994 proposed critical slowing down as representing"

The text "the" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 446.166 : 250.587 ) -> ( 200.420 : 540.424 )

The text "last three decades" was replaced by "major contribution from the authors"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 522.820 : 250.587 ) -> ( 360.758 : 540.424 )

The text "Polar 210 Science, page 100617, 2020" was replaced by "Critical slowing down “implies that recovery"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 156.800 : 265.929 ) -> ( 438.686 : 557.161 )

The text "Karo Michaelian" was replaced by "2015)"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 106.618 : 281.272 ) -> ( 467.488 : 557.161 )

The text "Hess opinions" biological catalysis of" was replaced by "This could explain why"

The text "the" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 246.771 : 281.272 ) -> ( 66.144 : 573.898 )

The text "hydrological" was replaced by "recovery after the ﬁrst"

The text "cycle" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 306.730 : 281.272 ) -> ( 171.559 : 573.898 )

The text ": life"s thermodynamic function"" was replaced by "of loss of Fisher information does not reach the original value, as a slowing down means less recovery in the same amount of time"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 441.351 : 281.272 ) -> ( 212.614 : 590.635 )

The text "Hydrology" was replaced by "If the time of recovery"

The text "and" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu Ital" to "Nimbus Rom No9L Regu", Font-Size was changed from 8.966 to 9.963, Font-Style was changed from italic to plain, The location of the text has been changed ( 485.724 : 281.272 ) -> ( 311.902 : 590.635 )

The text "Earth System Sciences, 16(8):2629–2645" was removed

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 154.066 : 296.614 ) -> ( 124.236 : 607.373 )

The text "2012" was replaced by "a slowing down of recovery would mean less recovery between cycles"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 176.482 : 296.614 ) -> ( 408.409 : 607.373 )

The text "Photon dissipation" was added

The text ")" has been modified: The location of the text has been changed ( 72.884 : 598.082 ) -> ( 113.001 : 576.826 )

The text "approximated by" was added

The text "albedo" has been modified: The location of the text has been changed ( 76.623 : 674.794 ) -> ( 180.984 : 576.826 )

The text "satellite" was added

The text "data" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu Ital" to "Nimbus Rom No9L Regu", Font-Style was changed from italic to plain, The location of the text has been changed ( 406.003 : 690.137 ) -> ( 237.266 : 576.826 )

The text "." has been modified: The location of the text has been changed ( 154.461 : 705.479 ) -> ( 252.204 : 576.826 )

The text "Heriberto Cabezas and Brian D Fath" was replaced by "et"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 177.084 : 143.191 ) -> ( 53.681 : 38.309 )

The text "Towards" was replaced by "al. 2018). In their work, they found that when the human body needs to maintain some homeostatic physiological process"

The text "175 (keep it within" was added

The text "a" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 215.138 : 143.191 ) -> ( 109.442 : 55.046 )

The text "theory" was replaced by "deﬁned range"

The text "of" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 246.511 : 143.191 ) -> ( 175.245 : 55.046 )

The text "sustainable systems" was replaced by "values) such as blood pressure, this is only achieved by coupling it with another process that absorbs variability from the environment"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 326.707 : 143.191 ) -> ( 230.816 : 71.784 )

The text "Fluid phase equilibria" was replaced by "For homeostasis of blood pressure"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 412.376 : 143.191 ) -> ( 376.639 : 71.784 )

The text "194:3–14" was replaced by "heart rate needs to absorb environmental volatility. They show that healthy people have a blood pressure that is normally distributed"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 450.734 : 143.191 ) -> ( 418.362 : 88.521 )

The text "2002" was replaced by "while heart rate is fat-tailed to"

The text "the right" was added

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 473.150 : 143.191 ) -> ( 80.959 : 105.258 )

The text "Helmut Hillebrand" was replaced by "Whereas when there is a chronic disease such as diabetes"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 115.198 : 158.533 ) -> ( 323.518 : 105.258 )

The text "Ian Donohue" was replaced by "blood pressure is no longer Gaussian and generates a fat-tail to the left"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 168.692 : 158.533 ) -> ( 114.891 : 121.995 )

The text "W Stanley Harpole" was replaced by "while heart rate becomes normally distributed. When a process is normally distributed"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 245.435 : 158.533 ) -> ( 468.225 : 121.995 )

The text "Dorothee Hodapp" was replaced by "it means that there"

The text "180 is a well-deﬁned characteristic scale around which all values are clustered" was added

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 316.350 : 158.533 ) -> ( 343.254 : 138.732 )

The text "Michal Kucera" was replaced by "with very few extreme values. Conversely"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 376.676 : 158.533 ) -> ( 516.055 : 138.732 )

The text "Aleksandra M Lewandowska" was replaced by "having"

The text "fat-tails means that there are many extreme events" was added

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 489.366 : 158.533 ) -> ( 244.216 : 155.469 )

The text "Julian Merder" was replaced by "which in fact dominate the phenomenon to the degree that the characteristic scale can be lost. Considering the above"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 545.980 : 158.533 ) -> ( 145.487 : 188.944 )

The text "Jose M Montoya" was replaced by "we could explain why threshold transgressions were rarely detectable as an effect of the homeostatic processes in Ecosystems that actually tries to prevent tipping point events. For example"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 117.573 : 173.875 ) -> ( 389.122 : 205.681 )

The text "and Jan A Freund" was replaced by "we could consider ecosystem functions"

The text "185 as homeostatic processes maintained by the ﬂuctuations in species composition" was added

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 187.448 : 173.875 ) -> ( 369.386 : 222.418 )

The text "Thresholds for ecological responses" was replaced by "Then compositional shifts should be much"

The text "more prone" was added

The text "to" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 327.288 : 173.875 ) -> ( 94.627 : 239.155 )

The text "global change do not emerge from empirical data" was replaced by "threshold dynamics than ecosystem functions"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 516.667 : 173.875 ) -> ( 285.840 : 239.155 )

The text "Also interesting is the similarity between the results of Fossion and co-workers" was added

The text "(" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 141.037 : 189.217 ) -> ( 371.488 : 255.892 )

The text "11" was replaced by "2018"

The text ")" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 152.990 : 189.217 ) -> ( 394.731 : 255.892 )

The text ":1502–1509" was replaced by "with Taleb"s ideas about Antifragility (Taleb"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 198.817 : 189.217 ) -> ( 71.693 : 272.629 )

The text "2020" was replaced by "2012)"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 221.233 : 189.217 ) -> ( 100.177 : 272.629 )

The text "This made us reconceptualize ecosystem homeostasis or resilience, as it is generally identiﬁed in ecology, as a particular case of Taleb"s conceptual framework, in which a system can be fragile, robust, or antifragile, depending on how it 190 responds to disturbances in its environment (see Fig" was added

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 182.572 : 204.560 ) -> ( 255.075 : 306.104 )

The text "The elusive search for tipping points" was replaced by "1)"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 318.924 : 204.560 ) -> ( 268.604 : 306.104 )

The text "Nature Ecology & Evolution" was replaced by "As quantitative Antifragility is measured as the system"s response to perturbation"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 426.831 : 204.560 ) -> ( 95.185 : 322.841 )

The text "4" was replaced by "in order to evaluate it one needs to identify the adequate payoff function; in this case, we argue that planetary"

The text "entropy production can be approximated by Earth"s albedo. Using published data" was added

The text "(" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 435.797 : 204.560 ) -> ( 146.623 : 356.315 )

The text "11" was replaced by "He et.al. 2014"

The text ")" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 447.749 : 204.560 ) -> ( 208.211 : 356.315 )

The text ":1449" was replaced by "we calculated Fisher Information for 1988"

The text "–" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 471.161 : 204.560 ) -> ( 389.640 : 356.315 )

The text "1450" was replaced by "2010 of Northern Hemisphere albedo"

The text "which exhibits an oscillation with a mean value of 3.59" was added

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 493.577 : 204.560 ) -> ( 274.711 : 373.052 )

The text "2020. Ruben Fossion" was replaced by "a maximum value of 5.35"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 99.794 : 219.902 ) -> ( 386.203 : 373.052 )

The text "Ana Leonor Rivera" was replaced by "minimum of 2.55"

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 172.790 : 219.902 ) -> ( 463.443 : 373.052 )

The text "and" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 177.156 : 219.902 ) -> ( 469.351 : 373.052 )

The text "a net reduction 195" was added

The text "of" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 316.763 : 219.902 ) -> ( 46.488 : 389.790 )

The text "homeostasis" was replaced by "47"

The text ":" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu" to "CMMI10", Font-Size was changed from 8.966 to 9.963, Font-Style was changed from plain to italic, The location of the text has been changed ( 370.194 : 219.902 ) -> ( 67.941 : 389.790 )

The text "63%; with a rate" was added

The text "of" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 101.774 : 235.245 ) -> ( 141.577 : 389.790 )

The text "0.0013 per decade (p < 0:01) that is" was added

The text "in" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 196.387 : 235.245 ) -> ( 303.120 : 389.790 )

The text "regulatory mechanisms" was replaced by "agreement with ﬁndings by (Marcianesi et"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 288.894 : 235.245 ) -> ( 486.073 : 389.790 )

The text "Physiological measurement" was replaced by "al. 2020) who"

The text "calculated" was added

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 393.303 : 235.245 ) -> ( 86.876 : 406.527 )

The text "39" was replaced by "for example, a global Clear-sky albedo"

The text "(" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 406.752 : 235.245 ) -> ( 247.075 : 406.527 )

The text "8" was replaced by "%"

The text ")" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 414.221 : 235.245 ) -> ( 258.691 : 406.527 )

The text ":" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu" to "CMMI10", Font-Size was changed from 8.966 to 9.963, Font-Style was changed from plain to italic, The location of the text has been changed ( 417.207 : 235.245 ) -> ( 316.322 : 406.527 )

The text "24% per decade" was added

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 446.599 : 235.245 ) -> ( 382.221 : 406.527 )

The text "2018. F Marcianesi" was replaced by "with the conﬁdence of 99% for land; and"

The text "decrease of 0" was added
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by members of the Animalia kingdom and would prevent the problem posed by defaunated ecosystems, which from a plant

perspective could seem to be healthy (in the short term). For its part, ecosystem respiration includes soil respiration and soil

10

is a complex system that incorporates all spheres (biosphere, geosphere, atmosphere, hydrosphere), several biogeochemical
245 processes, many spatial and time scales, so it conjugate many sources of information about the ecosystem. Although there

are great projects as Ameriflux (https://ameriflux.lbl.gov/) that collect data of ecosystem respiration (among others) in many

places of America (mostly North America), currently there is not enough data for considering these variables at a planetary

scale, but the concept may downscale to ecosystem-scale both using remote sensing and in situ data, which could work also as
9 a benchmark against other ecosystem health metrics such as Integrity.

250 Finally, as happens always when we introduce new concepts, they lead us to revisit others, in this case, the Ecosystem defini-

tion that traditionally is understood in its basic form as a spatially explicit community of living organisms in conjunction with

the nonliving components of their environment, interacting as a system. As pointed out by Jax (2007) managing ecosystems or
increase their theoretical understanding, requires a clear conceptualization of what ecosystems are (Schaeffer and Cox 1992;
Sagoff 2003; Jax 2005); however, there are different and sometimes incompatible definitions of the notion of ecosystem (see
255 e.g. Jax et al. 1998; Jax 2006).
Depending on the specific definition under use, there might be different sets of questions difficult to answer. In particular,
under the basic definition given above: How many different species and interactions are necessary to constitute an ecosystem?
Is a community of trees of different species an ecosystem? What about function, dynamics, stability? Are there any require-
ments in terms of spatial extension and connectivity? Are there different types of ecosystems for example, what happens with
260 modified, degraded, or perturbed “ecosystems”? To what extend is a “modified” ecosystem of type A, still as an A ecosystem?
Based on what characteristics a type of ecosystem should be defined? What happens with different ecosystems that share some
interactions, species? Does this definition allow us to understand predict succession, and ecological tipping points?
Also, as commented by Sagoff (2003), to improve our understanding about ecosystems including the planetary, its definition
should: (1) define and classify them, and thus determine the conditions under which it remains the "same" system through time
265 and change; (2) find ways to reject as well as to create mathematical models of the ecosystem functioning and evolution; (3)
make possible to identify efficiently the causes of ecosystem organization; (4) show how Ecology can potentially help to solve
socio-environmental problems.
We think that the Antifragility framework could help to improve ecosystem definition in a manner that many of these
questions and goals are easier to tackle. So we are incorporating the ideas of this paper in this new definition: An ecosystem is
270 an open thermodynamic system constituted by a community of living organisms in conjunction with the nonliving components
of their environment; that through its interactions and evolutionary processes, constrained by the external conditions; self-
organized in a maximum solar photon flux dissipation , in which the system is at criticality, with maximum computational and
inferential capabilities that allows it to respond and thrive under uncertainty, stressors, perturbations and ultimately time, in a

well defined geographic context.

275 Code/Data availability

Code available at:https://github.com/csunlab/fisher-information

11

i-net PDFC comparison results from 11/10/2021 Page 10/15


The text "a decrease of 0:66% per decade" was added

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 93.625 : 250.587 ) -> ( 173.334 : 423.264 )

The text "G Aulicino" was replaced by "with the conﬁdence of 99% for land. In this context land-use changes might be an important"

The text "driver for antifragility loss. Observed oscillation in Fisher information values could be interpreted as a cyclical decrease in Fisher information" was added

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 138.350 : 250.587 ) -> ( 519.124 : 456.738 )

The text "and P Wadhams" was replaced by "as the"

The text "200 increase after the completion of one cycle does not rebound to the original value but stays below" was added

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 200.603 : 250.587 ) -> ( 445.560 : 473.475 )

The text "Arctic sea ice and snow cover" was replaced by "This decrease would be"

The text "associated with a loss of stability (degradation?) overlapped with oscillations caused by changes in terrestrial" was added

The text "albedo" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 315.786 : 250.587 ) -> ( 501.480 : 490.212 )

The text "variability and trends during" was replaced by "as a response to teleconnected climate oscillations. Another interpretation related to this cyclical pattern could be based on critical slowing down: Strogatz 1994 proposed critical slowing down as representing"

The text "the" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 446.166 : 250.587 ) -> ( 200.420 : 540.424 )

The text "last three decades" was replaced by "major contribution from the authors"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 522.820 : 250.587 ) -> ( 360.758 : 540.424 )

The text "Polar 210 Science, page 100617, 2020" was replaced by "Critical slowing down “implies that recovery"

The text "205 upon small perturbations becomes slower as a system approaches a tipping point” (Scheffer et al" was added

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 156.800 : 265.929 ) -> ( 438.686 : 557.161 )

The text "Karo Michaelian" was replaced by "2015)"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 106.618 : 281.272 ) -> ( 467.488 : 557.161 )

The text "Hess opinions" biological catalysis of" was replaced by "This could explain why"

The text "the" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 246.771 : 281.272 ) -> ( 66.144 : 573.898 )

The text "hydrological" was replaced by "recovery after the ﬁrst"

The text "cycle" has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 306.730 : 281.272 ) -> ( 171.559 : 573.898 )

The text ": life"s thermodynamic function"" was replaced by "of loss of Fisher information does not reach the original value, as a slowing down means less recovery in the same amount of time"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 441.351 : 281.272 ) -> ( 212.614 : 590.635 )

The text "Hydrology" was replaced by "If the time of recovery"

The text "and" has been modified: Font-Family was changed from "Nimbus Rom No9L Regu Ital" to "Nimbus Rom No9L Regu", Font-Size was changed from 8.966 to 9.963, Font-Style was changed from italic to plain, The location of the text has been changed ( 485.724 : 281.272 ) -> ( 311.902 : 590.635 )

The text "loss of Fisher information is determined by oscillating climate phenomena" was added

The text "," has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 154.066 : 296.614 ) -> ( 124.236 : 607.373 )

The text "2012" was replaced by "a slowing down of recovery would mean less recovery between cycles"

The text "." has been modified: Font-Size was changed from 8.966 to 9.963, The location of the text has been changed ( 176.482 : 296.614 ) -> ( 408.409 : 607.373 )

The page "page #10" was added

The page "page #11" was added
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The page "page #11" was added

The page "page #12" was added

The page "page #13" was added
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The page "page #13" was added

The page "page #14" was added
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The page "page #14" was added

The page "page #15" was added
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The page "page #15" was added
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