Research Article

@www.biomedgrid.com

ISSN: 2642-1747

.o: American Journal of
S Biomedical Science & Research

Copy Right@ Walter R Schumm

The Importance of Catastrophe Theory and Nonlinear
Modeling Applied to the Collapse of Afghanistan in the
Late Summer of 2021

Walter R Schumm™*, Corey Alan Brady?, Julianna Cerny3, Melissa Francis®, Marshal Mann?,
Daisy Solis? and Samantha Jo Standefer?

!Math Department, Highland Community College, Highland, Kansas; Department of Applied Human Science, Kansas State University, Manhattan, Kansas
USA

2Perry Campus, Highland Community College, USA
3Wamego Campus, Highland Community College, USA

*Corresponding author: Walter R Schumm, Math Department, Highland Community College; Department of Applied Human
Science, Kansas State University

To Cite This Article: Walter R Schumm?*, Corey Alan Brady, Julianna Cerny, Melissa Francis, Marshal Mann, et al., The Importance of Catastrophe
Theory and Nonlinear Modeling Applied to the Collapse of Afghanistan in the Late Summer of 2021. Am ] Biomed Sci & Res. 2021 - 15(2). AJBSR.
MS.1D.002083. DOI: 10.34297 /A]BSR.2021.15.002083

Received: @ December 12, 2021 Published: & December 23,2021

Abstract

Was the fall of Afghanistan predictable? What theory might have been overlooked in interpreting relevant data? What sorts of modeling errors
may have occurred? Here we looked into such questions and present evidence that the fall of Afghanistan could have been better predicted with ca-
tastrophe theory and nonlinear models, rather than by using only linear modeling and other theories. In particular, using data, from April to August
of 2021, from the Long War Journal’s website on the number of provinces in Afghanistan controlled by the Taliban or the government, it appears
that the fall of the government or the rise of the Taliban were both better predicted by quadratic models than either linear or exponential models.
While none of the models would have predicted the fall of the government in mid-August 2021, linear models predicted substantially later dates than
did the nonlinear models. Even as early as May or June of 2021, nonlinear models were predicting an earlier collapse of the government than were
linear models, ruling out “hindsight” as the best explanation of our findings. For didactic purposes, our results serve as learning points for students
to avoid exclusive reliance on both linear modeling and status quo theories that would suggest that sudden change is either unlikely or impossible,
despite numerous historical counter-examples.

Keywords: Afghanistan; Collapse; Catastrophe Theory; Linear Modeling; Nonlinear Modeling; History; Biden Administration; U.S. Foreign Policy;

Stem Courses; Statistics.

Introduction

Statistics classes can be challenging both emotionally and
intellectually for undergraduate students. The senior author
experienced this in the fall of 1970, when as a junior at the College
of William and Mary (Virginia), his statistics professor told his
students on the first day of class that he would fail at least 75% of
the class because he didn’t want to teach classes of more than ten
students (42 had enrolled). When the senior author had attained
an average of 35%, which was above the class average of 22%,

he was offered a “C” grade if he would promise to never enroll in

another course with the professor, which led to his taking a course
in law in the spring of 1971. Such situations tend to intimidate
students, especially with respect to STEM courses. One way to
overcome anxiety about STEM courses is to use ancient or recent
historical events for statistical testing. If students are shown
practical examples of the use of statistics regarding important past
or current events, learning may be facilitated. Along the way it
may be possible for students to co-publish such tests, establishing
a publication record prior to attending graduate school. Recent

articles that have combined history with statistical testing have
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concerned the space shuttle Challenger disaster, the loss of the RMS
Titanic, and the attack on Pearl Harbor in December 1941 [1], the
sinking of the Sewol [2], arrow wounds prior to the U.S. Civil War as
well as ancient documents [3], and the early history of Islam [4,5].

Literature Review

A very recent example that combined history with the use of
statistics in a fall 2021 basic statistics class in a midwestern United
States community college was the use of statistics to predict the
fall of the government of Afghanistan and the rise of the Taliban
in the summer of 2021. The United States’ role in Afghanistan has
not been without controversy. Some leaders wanted to maintain
a presence in Afghanistan, even if at reduced levels, while others
wanted us to entirely withdraw our military forces [6,7]. Some
thought that if U.S. military forces were withdrawn, the Afghanistan
government would collapse, or that, at least, collapse would be a
possibility, while others were not sure if that would happen [7]. It
was possible that withdrawal from Afghanistan might allow the
United States to better focus on strategic goals in other regions,
especially areas threatened by China [6,7]. Since 1960, there have
been at least 15 cases of state collapse, as detailed by Johais, Bayer,
& Lambach [8]. With reference to Afghanistan, it was recognized
by the spring of 2020 that “It will take urgent efforts to prevent
the collapse of Afghanistan” (9, p. 142) and by February 2021 that
there was a strong possibility that the Taliban might overthrow
the Afghan government unless the U.S. continued to provide
political and military support [9]. Some attributed the crisis of the
COVID-19 epidemic as a factor in weakening U.S. resolve to remain
in Afghanistan [9, p. 141].

Relevance for Public Health

Collapse of state governments can create serious humanitarian
emergencies. Rubin [8,9], fearing a collapse of Afghanistan, was
concerned about the consequences for humanitarian reasons,
especially with respect to public health. Britten and Amer [10]
feared that without continued funding of health care systems in
Afghanistan from overseas, their health service which had grown
to support 90% of Afghanistan’s population [11] might collapse.
The replacement of the minister of public health with an official
untrained in health services was seen as a bad omen [10]. A recent
report alleges that “Afghanistan will face its worst famine in 35
years” with “roughly 23 million of the 38 million population....
already facing food insecurity so grave they do not know where
their next meal will come from” and that “95% of Afghans don’t
have enough food” [12].
precede even greater public health disasters. Many wondered if
it had to end in the way it did. “How had two decades of blood
and treasure left a porous apparatus either unwilling or unable
to defend itself?” [14, p. 108]. However, it appears that “Few had

Poor nutrition and famine might well
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predicted how quickly Kabul would fall and how rapidly the Afghan
military forces would collapse” [6, p. 1). That raised the questions
of [1] whether the timing of the fall of Afghanistan could have been
predicted statistically from open source data, [2] if so, why did the
fall seem to occur so unexpectedly and [3] could anyone have done
a more accurate job of predicting the fall?

OnJuly 8%, President Biden stated in public ata news conference
that Afghanistan was no where near falling to the Taliban. Many
may not know that there were data available at that time to use
to predict when Afghanistan might fall. One could use linear
and nonlinear (quadratic) models to predict when it might fall.
Furthermore, catastrophe theory could have been used to consider
the possibility of a rapid collapse after a critical mass was met or
a critical event occurred. Such a critical event might have been the
abandonment of Bagram Air Base on July 2/3. Once Afghan soldiers
realized “no more air support, no more Army/Marine support, no
communications support, no more intelligence support” they may
have felt abandoned, too. Their morale may have crashed. With
respect to public health, the ability to more accurately predict
the collapse of a regime would be useful for maintaining public
health services, maintaining the health and safety of public health
personnel, and reducing health-related consequences associated
with a collapse of government and related government services,
including public health services.

Theory

A theory that may have been overlooked with respect to
predicting the fall of Afghanistan - for example, it was overlooked
in a study [8] of the collapse of 15 nations’ governments - is
catastrophe theory [13]. Inits full form, catastrophe theory predicts
disaster as a three-dimensional situation in which an interaction
effect among two independent variables leads to disaster in some
situations but not others, depending on change in one of the two
independent variables [14,15]. However, our approach was less
complex, predicting disaster (i.e., fall to the Taliban) as a function of
the number of provinces under government vs. Taliban control over
time, from April to August 2021. Our model was two-dimensional
but still related to catastrophe theory in that it was potentially
capable of predicting a sudden fall of Afghanistan or a much slower
decline in government control. Catastrophe theory might predict
an earlier collapse of the Government and takeover by the Taliban,
which could be tested using a nonlinear (i.e., quadratic) statistical
model, which could explain more variance than linear models.
Furthermore, if the fall of Afghanistan was more rapid than could
be modeled statistically, that by itself might provide support for
catastrophe theory, as a theory capable of explaining changes more
rapid than what might be expected statistically, using any form of
linear or nonlinear models.
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Research Questions

a) LinearModel: Could the fall of Afghanistan have been predicted
by a linear ordinary least squares regression analysis of the
time from April 2, 2021, forward from the growing number of

provinces controlled by either the Taliban or the Government?

b) Nonlinear Models: Could the accuracy of the timing of the
fall of Afghanistan have been predicted more accurately using

nonlinear models?

c) Difference Between Linear and Nonlinear Models: Would
the difference between linear and nonlinear models be

significantly different by statistical testing?

Would the fall of Afghanistan occur more rapidly than predicted

Copy@ Walter R Schumm

by the best linear or nonlinear models? If so, that result might lend

more support to catastrophe theory.
Methods
Data

Data were obtained from open sources, including the website
for the Long War Journal [16] and an article published by Reuters
[17]. For certain dates after April 1, 2021, reports were available on
the number of provinces in Afghanistan controlled by the Taliban or
the Government as well as those contested between the Taliban and
the Government. We also developed a measure that was the sum of
the number of the contested and the Taliban-controlled provinces.
The predictor variable was time, expressed as the number of days
since April 2, 2021. The data are presented in Table 1.

Table 1: Changes Over Time for Afghanistan Districts Controlled by the Taliban, the Government, or Contested.

Date Taliban Contested Government Source

April 13 77 194 129 Long War Journal
April 21 77 194 129 Long War Journal
April 27 77 194 129 Long War Journal
May 11 88 206 105 Long War Journal
May 18 86 215 98 Long War Journal
June 3 89 212 98 Long War Journal
June 9 94 208 97 Long War Journal
June 16 104 201 94 Long War Journal
June 23 139 173 88 Long War Journal

July 9 90 167 141 Reuters

July 10 216 118 73 Long War Journal

July 12 103 158 137 Reuters

July 17 221 113 73 Long War Journal

July 19 102 161 135 Reuters

July 23 104 159 135 Reuters

July 25 223 111 73 Long War Journal

July 29 105 158 135 Reuters
August 3 223 116 68 Long War Journal
August 5 104 163 131 Reuters
August 6 104 165 129 Reuters
August 6 223 116 68 Long War Journal
August 7 224 116 67 Long War Journal
August 8 229 112 66 Long War Journal
August 9 230 112 65 Long War Journal
August 10 233 109 65 Long War Journal
August 10 109 162 127 Reuters
August 11 117 159 122 Reuters
August 11 233 109 65 Long War Journal
August 12 118 160 120 Reuters
August 12 242 100 65 Long War Journal
August 13 132 152 114 Reuters
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August 13 247 97 63 Long War Journal
August 14 269 86 52 Long War Journal
August 15 345 41 12 Reuters
August 15 304 66 37 Long War Journal
August 16 391 7 0 Reuters
August 16 305 94 8 Long War Journal
September 6 398 0 0 Reuters

Analyses

We used the regression curvefit program in SPSS [18] to
predict linear and quadratic models for the predicted dates of the
fall of Afghanistan. Since the Taliban would consider taking over
400 provinces as victory, we calculated that date (of collapse)
by substracting 400 from the constant obtained and solving the
quadratic

equation using https://www.calculatorsoup.com/

calculators/algebra/quadratic-formula-calculator.php website
with ax?+bx+c = 0. Since the government would be deemed fallen
when its provinces under control reached zero, we solved our
quadratic equations for zero for the government predictions. In
three cases, the quadratic equations did not have solutions because
the quadratic curve did not reach zero (government) or 400

(Taliban); in such cases we recommend using the linear model.

We also used a quality control model [20, p. 277] to detect
significant changes in Taliban and government control. Control
models were invented in the 1920’s as warning devices; times do
not have to be equally spaced and normal distributions are not
necessary for them to be useful [19]. The general principle is that
if there are no significant changes over time, then it will be very
rare to see deviations of two or three standard deviations from
the mean. Up to but not including June 23, the mean score for the
number of districts controlled by the Taliban was 86.5 (SD=9.58).
A control model would put demarcations at plus two or three
standard deviations, that being 106 and 115 districts under their
control. If the total under Taliban control reached 115 that would
be a type I “out of control” signal; if the total featured two or three
adjacent dates being 106 or greater, that would be a type III “out of
control” signal; if nine or more in a row were above 92, that would
be a type Il “out of control” signal. However, because the changes
were generally monotonic, the first day at two or three standard
deviations would probably have meant more than one adjacent day

atthatlevel, so for our purposes the first day at two or three standard
deviations would be a valid “signal”. For the government the mean
score was 109.88 (SD = 16.13) with 78 districts representing a loss
of two standard deviations and 61 districts representing a loss of
three standard deviations.

Results
Linear Models

Almost all of the linear models were statistically significant,
which would probably have led analysts to believe that they were
accurate and sufficient. On one hand, none predicted the fall
before late September; on the other hand, they all predicted a fall
at some point in the future. There would seem to have been greater
certainty of the fall rather than regarding the precise timing of the
fall. We have 12 predictions about the fall of Afghanistan by linear
modeling (Table 2). The earliest predicted date would be October
25, the latest would be September 25, 2022. The average of the
11 earlier dates would be November 24 while the median would
be November 16 with SD = 21.96, making plus or minus 2SD from
September 29 to January 6, 2022. The SE of the Mean was 6.62
days. If we add in the latest predicted date, the average would be
December 19 while the median would be November 19, with an SD
0f 90.53; two SD below the average would be June 21 while two SD
above was June 18, 2020. The SE of the mean was 26.13. As of late
June, linear modeling would have predicted the fall of Afghanistan
in mid-November, excluding the one outlier date. As of late July,
linear modeling would have predicted sometime in November,
perhaps as late as the first week of December. Even about the time
it fell to the Taliban, linear modeling would have predicted late
October to late December. The predictions of linear modeling were
relatively consistent in that they failed to predict the fall in mid-
August, missing that date by at least two to three months.
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Table 2: Predicting Changes Over Time in District Control Using Only Linear Models, with Projected Takeover Dates.
Dependent . Unstandardized s e Projected
Group Variable Adjusted R2 Constant Beta Significance Level Takeover Date
Long War Journal
and Reuters Data, Taliban 0.401 8.26 1.57 <0.001 December 8
April to September
Taliban and 0.207 255.92 0.544 0.002 December 23
Contested
Government 0.203 142.38 -0.510 0.003 January 6, 2022
Long War Journal
Only, April to Taliban 0.855 19.81 1.70 <0.001 November 12
September
Taliban and 0.855 259.96 0.678 <0.001 October 25
Contested
Government 0.819 136.62 -0.600 <0.001 November 16
Long War journal Taliban 0.773 29.28 151 <0.001 December 4
Only, April to July
Taliban and 0.944 261.76 0.650 <0.001 November 1
Contested
Government 0.931 135.10 -0.579 <0.001 November 21
Long War Journal . September 25,
Only, April to June Taliban 0.618 62.76 0.623 0.007 2022
Taliban and 0.874 263.46 0.602 <0.001 November 15
Contested
Government 0.866 136.46 -0.612 <0.001 November 11
Nonlinear Results August 2021 predicting increasing Taliban control of districts;

. ) ) (Figure 2) illustrates the linear and quadratic models from the
Quadratic modeling (Table 3) would have predicted the fall of . o .
. ) same data for declining government control of districts over time.
Afghanistan between August 28" and October 25th, excluding an . . i ] .
. ) } . . (Figure 3) illustrates the linear, quadratic, and exponential results
outlier for May 27, 2022. (Figure 1) illustrates the linear, quadratic, . )
A ) for Long War Journal data as of the end of June for increasing
and exponential models for the combined Long War Journal data . . o .
o ) Taliban control (as a control against “hindsight” bias or error).
and the Reuters data for the entire time frame from April through

Table 3: Predicting Changes Over Time in District Control Using Linear/Quadratic Models, with Projected Takeover Dates.
Unstandardized I .
Group Depe.ndent Adjusted R2 Constant Betas (Linear/ gleniicante L i
Variable . Levels Takeover Date
Quadratic)
Long War Journal
and Reuters -2.436 0.092 September 22
Taliban 0.504 -269.6
Data, April to 0.024 0.006 Figure 1
September
; -0.999 ,219
Tg“ba“ a‘:jd 0.266 97.08 September 16
onteste 0.009 0.056
1.019 0.185 September 21
Government 0.27 95.79
-0.009 0.045 Figure 2
Long War Journal -0.281 0.624
Only, April to Taliban 0.925 -324.87 September 25
September 0.012 0.002
; 0.44 0.186
Taliban a‘:jd 0.852 -133.88 October-25
Conteste 0.001 0.459
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-0.476 0.161
Government 0.811 133.15 October-16
-0.001 0.704
-1.382 0.033
Long War. Journal Taliban 0.941 -305.23 August-28
Only, April to July 0.023 <.001
. 0.662 0.015
Taliban and 0.938 26148 May 27,2022
onteste -0.000095 0.956
-0.843 0.002
Government 0.936 141.08 Uncertain
0.002 0.207
-0.94 0.213 September-14
Long War Journal Taliban 0.769 -310.79
Only, April to June 0.017 0.056 Figure 3
; 1.118 0.03
Taliban and 0.886 -149.29 Uncertain
Contested -0.006 0.233
-1.201 0.025
Government 0.886 146.45 Uncertain
0.006 0.188
Taliban
/ ® Chserved

400.00 — | inear

=+ Quadratic
= *Exponential

300.00

200.00

100.00

0o 50.00 100.00 150.00 200,00

TIMELINE, April2=0

Figure 1: Linear, Quadratic, and Exponential Modeling of the Fall of Afghanistan Using Data from April to August 2021.
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Figure 2: Linear and Quadratic Modeling of the Fall of Afghanistan Using Data from April to August 2021.
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Figure 3: Linear, Quadratic, and Exponential Modeling of the Fall of Afghanistan Using Data as of the 23rd of June 2021.

Comparing Results for Linear and Nonlinear Models

Initially we compared the results for linear versus quadratic
modeling with a paired samples t-test, but the assumption of a
positive correlation between the items was not met, so we changed
to an independent samples t-test, followed by nonparametric
Mann-Whitney U tests (both of which tests compare independent
samples), since neither the total group (N = 24) nor the subgroups
for linear and for quadratic data featured normally distributed
results (one sample Kolmogorov-Smirnov tests, all results rejected
the normal hypothesis, p<.005). Where quadratic predictions were
not available, we substituted the linear predictions for our first
analysis. Thus, we had an average date of December 19 (Mean =
261.33,SD =90.53 days) for the linear model and October 28 (Mean
=209.58, SD = 71.61 days) for the quadratic model. However, that
difference was not statistically significant (t [22] = 1.55, p =.135),
although if you assumed the quadratic method was better, you
could use a one-tailed test and reduce p to < .07, possibly a trend
worth noting. The effect size was d = 0.63, a medium or larger effect
size [20]. However, the U test = 25.0, with z = 2.72, p =.007. Since
the data used were not normally distributed, the nonparametric
results should be deemed more likely to be accurate. However, we
redid the analysis after removing the largest outlier in each group;
then we had an average data of November 24 (Mean = 235.91, SD =
21.96 days) for the linear modeling compared to October 8 (Mean
= 190.45, SD = 28.48 days) for the quadratic modeling. For this
comparison t (20) = 4.19 (p <.001, two-tailed), a significant result,
with a very large effect size of d = 1.79. Cohen [21] stated that an
effect size of 0.80 or larger could be considered “large”. A Mann-
Whitney U test yielded z = 3.06, p =.002.

We performed a third set of analyses, deleting the quadratic
results that could not be solved, rather than replacing them with

the linear results. We found an average date of November 24 (Mean
= 23591, SD = 21.96, as before) for the linear method with an
average date of September 24 /25 (Mean = 176.50, SD = 18.32, N=8
for the quadratic modeling). For this comparison, t(17) = 6.22, p <
.001 with an effect size, d = 2.94. The Mann-Whitney U test yielded
z = 3.59, p < .001. While these results may seem to indicate less
than complete support for our comparison of linear and nonlinear
models, one must consider the dangers of type Il error as well as as
type 1 error. If you think that the linear model is correct and expect
Afghanistan to fall late in the autumn of 2021 but it occurs in August,
you would look like your predictions were very poor, that you were
taken by surprise, which could be seen as an embarrassment to
those who used only a linear model. In addition, there would be
many practical problems created by a “premature” collapse of the

Afghan government.

If your prediction had proved correct by the linear model, one
would have been into the deep of winter, a time when fighting
would be a challenge for both sides in the conflict, a time when not
much “action” might occur and the situation might be a stalemate
politically and militarily. Overall, the risks of an earlier-than-
expected collapse would seem to outweigh the risks of a later
expected collapse, especially in terms of threats to the health
care system associated with an unexpected, earlier collapse.
Furthermore, the effect sizes for our comparisons ranged between
0.63 and 2.94, in the medium to very large range, not something
to trifle with, as Cohen’s [20] interpretation of an effect size of less
than ours, d = 0.50, would be something observable to the naked
eye (i.e., of practical value). Furthermore, the results from our
nonparametric tests were consistently very significant (p <.01) and
those tests did not require an assumption of normally distributed

data, which was not met with the data we used.
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Avoiding “Hindsight” Bias

Limiting our analyses to time periods including April through
May and April through June, we found predicted dates of collapse
from August to mid-November 2021. Some calculations were
uncertain and did not predict collapse (the quadratic equations
could not be solved). In other words, had the models been tested
one to two months before the collapse, given the available data,
nonlinear models would still have predicted an earlier collapse

than linear models.
Quality Control Models

With respect to growing Taliban control, plus two standard
deviations occurred by June 23; plus three standard deviations
occurred on July 10. With respect to declining government control,
minus two standard deviations were met on July 10 but minus three
standard deviations were not met until August 14. Nevertheless,
both approaches feature July 10 as a key turning point in changing
control between the Taliban and the government of Afghanistan.
The results indicate that problems with unusually high gains for the
Taliban and unusually high losses for the government should have
been statistically detectable by July 10, not long after President
Biden’s speech on July 8.

Catastrophe Theory

None of the linear or nonlinear models tested predicted the
fall of Afghanistan in mid-August. That result supports the need
to consider catastrophe theory when evaluating potentially volatile
situations. Under some conditions, things can fall apart very
quickly, more quickly than might be expected. History is replete
with such examples. Normalcy bias (apres moi le deluge) may lead
a person or a group to believe that things will always continue the
same as they always have in the past or at least, the recent past.
Things will never change until I am gone. Catastrophe theory may
be an antidote to such normalcy bias. There are other theories
about the decline of more complex societies, especially with respect
to Western nations [21] versus the rise of China, but our focus here
is strictly on the fall of Afghanistan.

Teaching Points

As this project was part of the basic statistics class, it featured
lessons beyond the specifics of this set of data and the particular
analyses conducted. There were several teaching points made
during the class that related to this project and beyond. The first
teaching point was that developing an idea to check out is the most
important part of the research process. No idea, no results! There
are many very intelligent people with few new ideas. If you can
develop a new idea to test, you can, if you need to do so, hire others
to work out the details and apply the statistics. Developing new
ideas takes creativity, which may be a different form of intelligence
than that captured by simple IQ tests.

Copy@ Walter R Schumm

A second teaching point concerns the importance of valid data.
Getting valid data may often be the most difficult part of research.
In this case, the data from Reuters didn’t match that from the Long
War Journal. Because the Long War Journal featured data over a
longer time period, we focused on that source of data. However,
because of the data mismatch and the totals of the provinces
varying between Reuters and the Long War Journal, data is one of
the limitations of this analysis. At one point, it was discovered that
our data set had two errors, which we had to correct; we had to
redo the analyses, of course. Furthermore, if everything else is
equal, if you have a choice of data sets, you probably want to select
the set that has more data, as that will allow for more detailed
statistical testing.

At the same time, if the smaller data set is of higher quality, you
may have to sacrifice some of the depth of your statistical testing.
Another data issue illustrated here is that data may be ambiguous.
For example, a question might be answered, yes, no, or not sure.
How the” not sure” answers are coded could make a substantial
difference in the results of analyses. In this case, the “contested”
provinces are ambiguous in their status. Does “contested” mean
that the Taliban had control of 10% of the province or does it mean
that the Taliban had 90% control, except for the capital town of the
province? Our data sources were not clear on that issue although
we believe the latter was intended.

A third teaching point is that many scholars limit themselves
to testing linear models, i.e., straight lines. However, life is often
nonlinear, usually that being quadratic. The ancient Greek idea
of the golden mean, if valid, suggests that some aspects of life will
feature a quadratic model. A classic example is blood pressure
- too low or too high are both dangerous, while a balanced level
is best. There are several possible nonlinear patterns; the SPSS
curve estimation program under the REGRESSION program allows
for testing of a several nonlinear patterns and provides relative
estimates of the ability of each to fit the data provided. In this
example, a quadratic model often worked better than other models,
including the exponential model. The point being that if one limits
oneself to testing only linear models, then one may make some

serious errors of prediction.

A fourth teaching point is that any problem may be considered
from a variety of theoretical perspectives. Even if you have a favorite
theory or theoretical framework, there may be situations in which
your favorite theory does not work as well at suggesting hypotheses
as would a different theory. Just as it is unwise to consider only
linear models, it is unwise to limit oneself to only one theory. For
any problem, it is likely that more than one theory might be relevant
and useful. In this case, catastrophe theory seemed relevant, even
though it was probably overlooked by many scholars.
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A fifth teaching point is that after the fact, analyses may fit
the data by chance. One could contest our research by saying that
fitting the data after the fall of Afghanistan is like predicting that
the murder victim is dead after being found deceased by the police.
Nor does statistically controlling for the impact of bullets on the
deceased victim bring them back to life. Fitting data to a model after
the fact does not help prevent the undesired outcome, indeed. That
is why we modeled our data from points in May or June (Figure 3)
in order to see if the fall could have been more accurately predicted
months before it occurred.

A sixth point is that when lives and fortunes are at stake, one
should always consider the worst possible or worst likely outcome,
rather than just seeing the world through rose-colored glasses. If
things go well, no harm done. If things go badly, lots of harm done.
So, if there are four indicators of a successful outcome but one of
failure, one should take pains to avoid the failure if possible. At the
same time, it seems that humans take notice of and can obsess about
bad things more easily than good things, so one must be careful to
not overreact to predictions of bad outcomes while not wishing
them away either. In this case, even if some models at sometimes
predicted a sooner collapse of Afghanistan, while others did not, the
wise leader would have given due respect to the more disastrous
predictions rather than just hoping they would not occur.

A seventh teaching point is that statistical tests depend upon
assumptions about the nature of the variables being used or
assessed or compared. Generally, it is assumed that data are
random. Parametric statistics further assume the use of interval
or ratio measurement of key variables (especially dependent
variables) and of data being normally distributed. Nonparametric
statistics do not need to assume the latter two points. If you use
statistics where assumptions are not met, you may produce errant
results. This is especially of concern if you are using complex
multivariate statistics that require parametric assumptions but
such assumptions are not valid. In our example, the results differed
depending on the extent to which the assumptions were valid for
the statistics used.

An eighth teaching point with respect to this report is that
many statistics reviewed in basic statistics classes and texts [19]
became part of this analysis - means, standard deviations, out-of-
control signals or control charts, graphing or visualization of data,
paired samples t-tests, independent samples t-tests, statistical
assumptions, nonparametric statistics, correlations and regression,
and nonlinear regression.

A final teaching point is that even if data are found and are valid,
statistical analyses can be performed incorrectly. Between invalid
data and incorrect analyses, scholars are left to question the results
of published research. For small data sets, N <200, there are several
ways to detect such problems and ultimately correct the scientific
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record [22].
statistical packages, many useful statistics can be obtained and

Even if one cannot afford to purchase expensive
used for free on the internet [23]. In addition to these teaching
points, collaboration between statistics teachers and their students
can occur in a variety of other areas, including as examples, articles
that have investigated the importance of variance [24], evaluation
of published articles that feature significant statistical errors
[25], attempts to estimate standard deviations from the range
[26-28], dealing with controversial or often misunderstood areas
in statistics [29], reanalyses of published journal articles, which
may reveal formerly hidden flaws [30], and statistical issues and
problems associated with particular sub-disciplines (e.g., military

families) of the social sciences [31].
Discussion

Even quadratic modeling could not capture the high rate of
loss of provinces to the Taliban, which highlights the importance
of catastrophe theory and the risk of relying solely upon statistical
modeling (at least in two dimensions). Linear modeling would have
predicted the fall of Afghanistan between November and December
2021 compared to between August and October for the quadratic
modeling. While our comparisons between the predictions for
the two models were not always significant statistically using only
parametric statistics, the effect sizes ranged between 0.63 (medium
or larger) and 2.94 (very large). Given that a late prediction of the
fall might have more painful consequences, especially for public
health, than an earlier prediction, an argument can be paid that
more attention should have been paid to the earlier predictions
from nonlinear modeling. Catastrophe theory may depend on
critical changes in predictor variables; we would suggest that the
United States decision to abandon Bagram Air Base and along with
it, a variety of military support for Afghan military forces, may have
been such a critical event. There may have been another critical
event or events at the beginning of August 2021 (e.g., government
soldiers collected their monthly pay and then went home?) just
before the collapse accelerated even faster than earlier, but we
are not going to speculate further on those possible events at this
time. When President Biden stated on July 8%, 2021 that the fall of
Afghanistan was not imminent, his advisors were probably basing
that estimate on linear modeling and might have better advised
him had they used nonlinear modeling and taken the principles
of catastrophe theory in account in their development of their
estimates. Perhaps a similar failure to consider nonlinearing
modeling and catastrophe theory was behind senior officials from
the Pentagon later testifying to the U.S. Congress that the rapidity of
the fall of Afghanistan had taken them by surprise.

However, ordinary citizens with basic statistical training and
an awareness of a variety of scientific theories, may, on occasion,
be able to detect and recognize data patterns that may have been
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missed by national intelligence services across the globe; if we are
wrong about this, perhaps those intelligence services would be
willing to come forth and refute our results and prove that there
was absolutely no way that Afghanistan could have been predicted
to fall until perhaps some time in very late 2021 or early 2022.
Alternatively, they might report that they did due diligence on
predicting the fall of Afghanistan, perhaps better than we have done,
but that their national leaders ignored their recommendations and
advice. We feel compelled to note that our results also contradict, to
some extent, the idea that “the Afghan army was routed in a week”
[22, p. 1]. Yes, the loss of districts fell off a cliff in August 2021 but
the losses had begun months earlier. A key turning point may have
been around July 10th. While we have focused on catastrophe
theory, others have noted that “Nonlinearities, positive feedbacks,
abrupt collapses and regime shifts are being observed globally”
[32] as cited by Peters [22], which might raise further questions as
to how some political and military leaders seem to have failed to
predict the collapse of Afghanistan.

Conclusion

From a public health perspective, the earlier than expected fall
of Afghanistan may have led to a destruction of much of the public
health infrastructure and personnel that had been built up over the
previous twenty years. Those more educated in providing health
care may have been more likely to depart Taliban control when
they had a chance. If western style health care facilities are seen
as “too western” or “non-Islamic” by some in the Taliban, such
facilities might be damaged or destroyed. To what extent that such
losses might have been mitigated or reduced by more accurate
prediction of the timing of the Taliban takeover we may never know.
However, there are some indications that food insecurity may be
the preeminent concern over the winter of 2021-2022 [13], with
other public health problems ensuing. Further research in this area
might look to past regime changes to determine if nonlinear models
or catastrophe theory would have applied to earlier situations.
Should future situations occur that portended the decline of a
government, nonlinear models might be tried then. While we
tested mainly quadratic models, other models might work better in
other situations. One candidate might be an exponential model. A
step function model might also be useful if changes occurred with a
series of declines followed by plateaus.

Other scholars may be able to develop a variety of other
useful models or statistical methods more suited to past or future
situations. Quality control models may also help to detect key
turning points in the rise/fall of competing factions prior to a
government’s collapse. It may be possible to use similar statistical
methods to predict if and when military incursions into contested

areas (e.g., Taiwan, Ukraine) might occur in the future, although
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that would depend on being able to select indicators that could not
be easily disguised or obscured.
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