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The Excel Depression
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In this age of information, math errors can lead to disaster. NASA’s FACEBOOK
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story so far: At the beginning of
2010, two Harvard economists,
Carmen Reinhart and Kenneth
Rogoff, circulated a paper, “Growth
in a Time of Debt,” that purported to identify a critical
“threshold,” a tipping point, for government
indebtedness. Once debt exceeds 9o percent of gross
domestic product, they claimed, economic growth drops

off sharply.
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Ms. Reinhart and Mr. Rogoff had credibility thanks to a
widely admired earlier book on the history of financial
crises, and their timing was impeccable. The paper came
out just after Greece went into crisis and played right into
the desire of many officials to “pivot” from stimulus to
austerity. As a result, the paper instantly became famous;
it was, and is, surely the most influential economic
analysis of recent years.




FAQ: Reinhart, Rogoff, and the Excel Error
That Changed History

By Peter Coy W | April 18,2013

00000 OQ svr

Photograph by Gregor Schuster



FAQ: Reinhart, Rogoff, and the Excel Error
That Changed History

By Peter Coy W  April 18,2013
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How big is this mistake?
Reinhart and Rogoff wrote in their 2010 paper that average annual growth was
neﬁative 0.1 Bercent in countries with episodes of gross government debt equal to
90 percent or more of GDP between 1945 and 2009. Liberal economists have been
critical of their work for years (just economists being their usual cranky selves), but
now three economists at UMass say Reinhart and Rogoff made several mistakes and

omissions. According to the UMass scholars, the “corrected” number is Bositive 2.2

percent—which means GDP still grows, even when debt levels are very high.
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State of the Art

How to Avoid Spreadsheet Errors

Like most programs, using spreadsheet software like
Microsoft Excel is a manual process. That means your
calculations are always susceptible to human error, such
as keying in the wrong numbers or copying over the
wrong amounts.

Unfortunately, every formula is unique and has a specific
task, there isn’t an automated tool to check for
spreadsheet errors. Still, there are some steps you can
take to prevent most errors from happening.
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How to Avoid Spreadsheet Errors

Like most programs, using spreadsheet software like
Microsoft Excel is a manual process. That means your
calculations are always susceptible to human error, such
as keying in the wrong numbers or copying over the
wrong amounts.

Unfortunately, every formula is unique and has a specific
task, there isn’t an automated tool to check for
spreadsheet errors. Still, there are some steps you can
take to prevent most errors from happening.

According to experts, many mistakes can be spotted
early visually or through double-checking formulas.
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Reinhart-Rogoff Spreadsheet
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from — o (G Wiz, Glx il )

1. converts each cell to reference vectors:
unitying dependence & spatial relationships

2. combine vectors to form “fingerprints”
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Data, strings and whitespace also have fingerprints
s "5y fOr a human to see likely errors

What about fixes?




Rectangular Decomposition



Rectangular Decomposition

Entropy as proxy tor geometric complexity



Rectangular Decomposition

Entropy as proxy tor geometric complexity

Good decomposition = low entropy



Rectangular Decomposition

Entropy as proxy tor geometric complexity

Good decomposition = low entropy
Bad decomposition = high entropy
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Algorithm: Recursively subdivide spreadsheet
by split that minimizes sum total Shannon entropy,
until splits contain only equal value fingerprints.
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Small part is the “error”

Big part is the “fix”
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2nd part: Minimal entropy ranking

Rank fixes by three factors.
First: we want fixes that reduce entropy (the least).

The two on the right are better than the one on the lett.
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2nd part: Minimal entropy ranking

Second: The distance between fingerprints.
E,g., =SUM (A1 :A10) is a more probable fix
for =SUM (A1 :A9) than =MAX (B20:B30)
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Third: The size of the invariant cluster.

.e., strong

y-held invariants are bet

‘er candidates

than weakly-held invariants.
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Finally, threshold and return ranking.
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High precision

ExcelLint vs CUSTODES Precision and Recall

|

Excelint Precision ExcelLint Recall CUSTODES Precision CUSTODES Recall

Average precision: 76% (vs. 60%)




High Overall Recall

Bugs Found

CUSTODES

Farlier research ("CUSTODES") found 841 formula errors

Using Excelint: found 1,658 more
Averaged 2.45 reference bugs per minute




Fast analysis
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E26 - Jr || =SUM(E5:E24) v
A B 5 D E F G H | J K L M N | (o} P Q R ) T V] W W X Y z AA -
1 last update: December 5, 2009 Number of observations Average Median
2 Real GDP growth Inflation Real GDP growth Inflation
3 Debt/GDP Debt/GDP Debt/GDP Debt/GDP ! Debt/GDP
4 | Country Coverage Total 30 orless 30to 60 60to 90 90 or abov 30 or less |30 to 60  60to 90 90 or abow 30 or less 30to 60 60to 90 90 or abov 30 or less 30to 60 60 to 90 90 or abov 30 or less 30to 60 60to 90 90 or above
5 | 1 U3 1791-2009 129 59 23 5 4.0 3.4 33 -1.8 1.1 1.8 2.3 6.1 4.0 37 3.4 -0.9 0.6 2.5 2.1 5.6
6 2 UK 1830-2009 3 638 27 82 2.5 2.2 2.1 1.8 0.8 4.2 1.4 2.0 2.0 2.6 1.8 2.3 0.0 2.6 0.0 1.4
7 3 Sweden 1880-2009 79 40 11 0 2.9 2.9 2.7 n.a 2.8 4.6 4.2 na 33 3.0 2.9 na. 2.1 3.2 37 n.a.
8 4 Spain 1850-2009 26 53 47 30 1.6 3.2 1.3 2.8 9.9 55 2.3 0.5 1.7 33 0.8 2.4 9.3 4.3 1.4 0.4
9 5 Portugal 1880-2009 42 10 39 0 4.8 2.5 1.4 na 8.8 33 0.9 na 5.4 2.4 1.4 na. 59 33 1.1 na.
10| 6 Norway 1880-2009 98 25 1 0 2.9 4.4 10.2 n.a. 4.4 -0.1 0.0 n.a. 3.0 4.4 10.2/ na 34 1.6 0.0 n.a.
11 7 New Zealand 1932-2009 9 33 17 19 2.5 2.9 39 3.6 2.6 74 5.0 2.8 2.8 3.0 2.9 4.7 2.6 6.1 35 2.8
12 8 Netherlands  1880-2009 17 50 32 8 4.1 2.8 24 2.0 6.4 1.5 0.0 -2.2 4.2 31 2.0 1.9 6.5 1.8 1.2 -2.1
13| 9 Japan 1885-2009 47 42 11 11 4.9 37 39 0.7 6.0 2.1 3.2 -1.1 6.2 35 1.9 1.4 6.2 1.8 0.6 -1.2
14 10 Italy 1880-2009 26 12 39 49 5.4 4.9 1.9 0.7 5.6 11.1 10.6 13.1 5.8 31 1.6 1.5 33 14.9 5.0 1.0
15 | 11 Ireland 1949-2009 8 14 32 7 4.4 4.5 4.0 2.4 2.9 4.3 73 5.3 5.3 4.1 37 3.0 2.8 3.2 4.2 4.0
16 12 Greece 1884-2009 13 5 11 55 4.0 0.3 4.3 2.5 13.3 19.4 12.3 2.8 3.9 0.5 3.8 31 13.1 19.3 9.8 3.0
17 | 13 Germany 1880-2009 96 11 0 0 3.6 0.9 na na 1.8 1.5 na na 3.6 1.2 na na 2.1 1.8 na na
18 | 14 France 1880-2009 26 21 19 37 4.9 2.7 2.3 2.3 5.2 5.0 1.5 1.2 5.4 2.7 2.8 1.7 4.3 3.2 1.7 0.0
19 15 Finland 1914-2009 69 18 6 3 32 3.0 473 1.9 10.3 5.4 13.2 32.7 33 32 3.8 0.0 4.5 1.5 9.1 11.2
20 | 16 Denmark 1880-2009 57 16 17 0 31 1.7 2.4 na 2.5 4.7 33 na 2.8 0.3 2.6 na 2.2 2.4 2.5 na
21 17 Canada 1925-2009 3 52 23 7 1.9 4.5 3.0 2.2 22 4.1 0.6 6.0 2.5 4.2 4.1 22 2.1 3.4 1.3 5.0
22 | 18 Belgum 1835-2009 37 60 32 31 3.0 2.6 2.1 33 1.0 2.0 3.0 32 2.8 2.3 2.6 2.7 0.1 1.1 2.3 2.3
23 19 Austria 1880-2009 43 32 s 0 473 3.0 2.3 na 5.3 2.4 0.7 na 4.6 2.3 2.1 na 37 1.9 0.3 na
24 20 Australia 1902-2009 38 33 23 8 31 4.1 2.3 4.6 5.9 2.9 5.2 37 35 4.7 34 6.0 4.2 2.2 39 6.7
25
26 2317
27 | Minimum 1.6 0.3 1.3 -1.8 0.8 -0.1 0.0 -2.2 1.7 0.5 0.8 -0.9 0.0 1.5 0.0 -2.1
28 | Maximum 5.4 4.9 10.2 3.6 13.3 19.4 13.2 327 6.2 4.4 10.2, 4.7 13.1 19.3 9.8 11.2
29
30 | 1 U3 1946-2009 0 37 23 4 n.a. 3.4 33 -2.0 n.a. 4.2 2.3 7.0 n.a. 35 34 -0.7 n.a. 3.8 2.1 8.2
31 2 UK 1946-2009 0 39 ] 19 na. 2.4 2.5 2.4 na. 6.8 5.0 4.1 na. 2.7 2.21 2.9 na. 5.0 4.9 3.6
32 | 3 Sweden 1946-2009 18 35 11 0 3.6 2.9 2.7 n.a 6.3 4.5 4.2 na 4.2 2.9 2.9 na 5.2 3.2 37 n.a.
33 4 Spain 1946-2009 26 37 1 0 1.5 3.4 4.2 n.a 9.9 6.5 215 n.a 1.7 3.4 4.2 n.a. 9.3 5.4 21.5 n.a.
34 5 Portugal 1952-2009 38 9 7 0 4.3 2.5 0.3 na 7.9 3.6 2.2 na 5.1 2.3 0.9 na. 5.6 37 2.5 na.
35 | & New Zealand 1948-2009 9 33 17 1 2.5 2.9 39 -7.9 2.6 74 5.0 114 2.8 3.0 2.9 -7.6 2.6 6.1 35 114
36 7 Netherlands  1956-2009 17 35 2 0 4.1 2.7 1.1 n.a 6.4 2.5 2.9 n.a 4.2 3.0 L1 na. 6.5 2.2 2.9 na.
37 8 Norway 1947-2009 51 12 0 0 34 5.1 na na 5.4 44 na na 35 4.4 na na 4.9 4.1 na n.a
18 | 9 Ianan 1944.20N9 23 17 4 11 In an 1n n7 an 1.8 -N1 -11 17 472 17! 14 AR 1R -N2 -1.2 v
Summary ©) 4 »
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6 2 UK 1830-2009 3 638 27 82 2.5 2.2 2.1 1.8 0.8 4.2 1.4 2.0 2.0 2.6 1.8 2.3 0.0 2.6 0.0 1.4
7 3 Sweden 1880-2009 79 40 11 0 2.9 2.9 2.7 n.a 2.8 4.6 4.2 na 33 3.0 2.9 na. 2.1 3.2 37 n.a.
8 4 Spain 1850-2009 26 53 47 30 1.6 3.2 1.3 2.8 9.9 55 2.3 0.5 1.7 33 0.8 2.4 9.3 4.3 1.4 0.4
9 5 Portugal 1880-2009 42 10 39 0 4.8 2.5 1.4 na 8.8 33 0.9 na 5.4 2.4 1.4 na. 59 33 1.1 na.
10| 6 Norway 1880-2009 98 25 1 0 2.9 4.4 10.2 n.a. 4.4 -0.1 0.0 n.a. 3.0 4.4 10.2/ na 34 1.6 0.0 n.a.
11 7 New Zealand 1932-2009 9 33 17 19 2.5 2.9 39 3.6 2.6 74 5.0 2.8 2.8 3.0 2.9 4.7 2.6 6.1 35 2.8
12 8 Netherlands  1880-2009 17 50 32 8 4.1 2.8 24 2.0 6.4 1.5 0.0 -2.2 4.2 31 2.0 1.9 6.5 1.8 1.2 -2.1
13| 9 Japan 1885-2009 47 42 11 11 4.9 37 39 0.7 6.0 2.1 3.2 -1.1 6.2 35 1.9 1.4 6.2 1.8 0.6 -1.2
14 10 Italy 1880-2009 26 12 39 49 5.4 4.9 1.9 0.7 5.6 11.1 10.6 13.1 5.8 31 1.6 1.5 33 14.9 5.0 1.0
15 | 11 Ireland 1949-2009 8 14 32 7 4.4 4.5 4.0 2.4 2.9 4.3 73 5.3 5.3 4.1 37 3.0 2.8 3.2 4.2 4.0
16 12 Greece 1884-2009 13 5 11 55 4.0 0.3 4.3 2.5 13.3 19.4 12.3 2.8 3.9 0.5 3.8 31 13.1 19.3 9.8 3.0
17 | 13 Germany 1880-2009 96 11 0 0 3.6 0.9 na na 1.8 1.5 na na 3.6 1.2 na na 2.1 1.8 na na
18 | 14 France 1880-2009 26 21 19 37 4.9 2.7 2.3 2.3 5.2 5.0 1.5 1.2 5.4 2.7 2.8 1.7 4.3 3.2 1.7 0.0
19 15 Finland 1914-2009 69 18 6 3 32 3.0 473 1.9 10.3 5.4 13.2 32.7 33 32 3.8 0.0 4.5 1.5 9.1 11.2
20 | 16 Denmark 1880-2009 57 16 17 0 31 1.7 2.4 na 2.5 4.7 33 na 2.8 0.3 2.6 na 2.2 2.4 2.5 na
21 17 Canada 1925-2009 3 52 23 7 1.9 4.5 3.0 2.2 22 4.1 0.6 6.0 2.5 4.2 4.1 22 2.1 3.4 1.3 5.0
22 | 18 Belgum 1835-2009 37 60 32 31 3.0 2.6 2.1 33 1.0 2.0 3.0 32 2.8 2.3 2.6 2.7 0.1 1.1 2.3 2.3
23 19 Austria 1880-2009 43 32 s 0 473 3.0 2.3 na 5.3 2.4 0.7 na 4.6 2.3 2.1 na 37 1.9 0.3 na
24 20 Australia 1902-2009 38 33 23 8 31 4.1 2.3 4.6 5.9 2.9 5.2 37 35 4.7 34 6.0 4.2 2.2 39 6.7
25
26 2317
27 | Minimum 1.6 0.3 1.3 -1.8 0.8 -0.1 0.0 -2.2 1.7 0.5 0.8 -0.9 0.0 1.5 0.0 -2.1
28 | Maximum 5.4 4.9 10.2 3.6 13.3 19.4 13.2 327 6.2 4.4 10.2, 4.7 13.1 19.3 9.8 11.2
29
30 | 1 U3 1946-2009 0 37 23 4 n.a. 3.4 33 -2.0 n.a. 4.2 2.3 7.0 n.a. 35 34 -0.7 n.a. 3.8 2.1 8.2
31 2 UK 1946-2009 0 39 ] 19 na. 2.4 2.5 2.4 na. 6.8 5.0 4.1 na. 2.7 2.21 2.9 na. 5.0 4.9 3.6
32 | 3 Sweden 1946-2009 18 35 11 0 3.6 2.9 2.7 n.a 6.3 4.5 4.2 na 4.2 2.9 2.9 na 5.2 3.2 37 n.a.
33 4 Spain 1946-2009 26 37 1 0 1.5 3.4 4.2 n.a 9.9 6.5 215 n.a 1.7 3.4 4.2 n.a. 9.3 5.4 21.5 n.a.
34 5 Portugal 1952-2009 38 9 7 0 4.3 2.5 0.3 na 7.9 3.6 2.2 na 5.1 2.3 0.9 na. 5.6 37 2.5 na.
35 | & New Zealand 1948-2009 9 33 17 1 2.5 2.9 39 -7.9 2.6 74 5.0 114 2.8 3.0 2.9 -7.6 2.6 6.1 35 114
36 7 Netherlands  1956-2009 17 35 2 0 4.1 2.7 1.1 n.a 6.4 2.5 2.9 n.a 4.2 3.0 L1 na. 6.5 2.2 2.9 na.
37 8 Norway 1947-2009 51 12 0 0 34 5.1 na na 5.4 44 na na 35 4.4 na na 4.9 4.1 na n.a
18 | 9 Ianan 1944.20N9 23 17 4 11 In an 1n n7 an 1.8 -N1 -11 17 472 17! 14 AR 1R -N2 -1.2 v
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Case study: Reinhart-Rogoft
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A 8 c o AVERAGE(number1, [number2], ..) ! ) K L M N | O P Q R S T u v w X Y z A 4
1 last update: December S, 2009 IMUIIUET UL UUSETVALUIS Average Median
2 Real GDP growth Inflation Real GDP growth Inflation
3 Debt/GDP Debt/GDP Debt/GDP Debt/GDP ! Debt/GDP
4 | Country Coverage Total 30 orless 30to 60 60to 90 90 or abov 30 or less 130to 60  60to 90 90 or abow 30 or less 30to 60 60to 90 90 or abov 30 orless 30to 60 60to 90 90 or abov 30 or less 30to 60 60to 90 90 or above
5 | 1 U3 1791-2009 129 59 23 5 4.0 3.4 33 -1.8 1.1 1.8 2.3 6.1 4.0 37 3.4 -0.9 0.6 2.5 2.1 5.6
6 2 UK 1830-2009 3 638 27 82 2.5 2.2 2.1 1.8 0.8 4.2 1.4 2.0 2.0 2.6 1.8 2.3 0.0 2.6 0.0 1.4
7 3 Sweden 1880-2009 79 40 11 0 2.9 2.9 2.7 n.a 2.8 4.6 4.2 na 33 3.0 2.9 na. 2.1 3.2 37 n.a.
8 4 Spain 1850-2009 26 53 47 30 1.6 3.2 1.3 2.8 9.9 55 2.3 0.5 1.7 33 0.8 2.4 9.3 4.3 1.4 0.4
9 5 Portugal 1880-2009 42 10 39 0 4.8 2.5 1.4 na 8.8 33 0.9 na 5.4 2.4 1.4 na. 59 33 1.1 na.
10| 6 Norway 1880-2009 98 25 1 0 2.9 4.4 10.2 n.a. 4.4 -0.1 0.0 n.a. 3.0 4.4 10.2/ na 34 1.6 0.0 n.a.
11 7 New Zealand 1932-2009 9 33 17 19 2.5 2.9 39 3.6 2.6 74 5.0 2.8 2.8 3.0 2.9 4.7 2.6 6.1 35 2.8
12 8 Netherlands  1880-2009 17 50 32 8 4.1 2.8 24 2.0 6.4 1.5 0.0 -2.2 4.2 31 2.0 1.9 6.5 1.8 1.2 -2.1
13| 9 Japan 1885-2009 47 42 11 11 4.9 37 39 0.7 6.0 2.1 3.2 -1.1 6.2 35 1.9 1.4 6.2 1.8 0.6 -1.2
14 10 Italy 1880-2009 26 12 39 49 5.4 4.9 1.9 0.7 5.6 11.1 10.6 13.1 5.8 31 1.6 1.5 33 14.9 5.0 1.0
15 | 11 Ireland 1949-2009 8 14 32 7 4.4 4.5 4.0 2.4 2.9 4.3 73 5.3 5.3 4.1 37 3.0 2.8 3.2 4.2 4.0
16 12 Greece 1884-2009 13 5 11 55 4.0 0.3 4.3 2.5 13.3 19.4 12.3 2.8 3.9 0.5 3.8 31 13.1 19.3 9.8 3.0
17 | 13 Germany 1880-2009 96 11 0 0 3.6 0.9 na na 1.8 1.5 na na 3.6 1.2 na na 2.1 1.8 na na
18 | 14 France 1880-2009 26 21 19 37 4.9 2.7 2.3 2.3 5.2 5.0 1.5 1.2 5.4 2.7 2.8 1.7 4.3 3.2 1.7 0.0
19 15 Finland 1914-2009 69 18 6 3 3.2 3.0 473 1.9 10.3 5.4 13.2 32.7 33 32 3.8 0.0 4.5 1.5 9.1 11.2
20 | 16 Denmark 1880-2009 57 16 17 0 31 1.7 2.4 na 2.5 4.7 33 na 2.8 0.3 2.6 na 2.2 2.4 2.5 na
21 17 Canada 1925-2009 3 52 23 7 1.9 4.5 3.0 2.2 22 4.1 0.6 6.0 2.5 4.2 4.1 22 2.1 3.4 1.3 5.0
22 | 18 Belgum 1835-2009 37 60 32 31 3.0 2.6 2.1 33 1.0 2.0 3.0 32 2.8 2.3 2.6 2.7 0.1 1.1 2.3 2.3
23 19 Austria 1880-2009 43 32 s 0 473 3.0 2.3 na 5.3 2.4 0.7 na 4.6 2.3 2.1 na 37 1.9 0.3 na
24 20 Australia 1902-2009 38 33 23 8 31 4.1 2.3 4.6 5.9 2.9 5.2 37 35 4.7 34 6.0 4.2 2.2 39 6.7
25
26 2317
27 | Minimum 1.6 0.3 1.3 -1.8 0.8 -0.1 0.0 -2.2 1.7 0.5 0.8 -0.9 0.0 1.5 0.0 -2.1
28 | Maximum 5.4 4.9 10.2 3.6 13.3 19.4 13.2 327 6.2 4.4 10.2, 4.7 13.1 19.3 9.8 11.2
29
30 | 1 U3 1946-2009 0 37 23 4 n.a. 3.4 33 -2.0 n.a. 4.2 2.3 7.0 n.a. 35 34 -0.7 n.a. 3.8 2.1 8.2
31 2 UK 1946-2009 0 39 ] 19 na. 2.4 2.5 2.4 na. 6.8 5.0 4.1 na. 2.7 2.21 2.9 na. 5.0 4.9 3.6
32 | 3 Sweden 1946-2009 18 35 11 0 3.6 2.9 2.7 n.a 6.3 4.5 4.2 na 4.2 2.9 2.9 na 5.2 3.2 37 n.a.
33 4 Spain 1946-2009 26 37 1 0 1.5 3.4 4.2 n.a 9.9 6.5 215 n.a 1.7 3.4 4.2 n.a. 9.3 5.4 21.5 n.a.
34 5 Portugal 1952-2009 38 9 7 0 4.3 2.5 0.3 na 7.9 3.6 2.2 na 5.1 2.3 0.9 na. 5.6 37 2.5 na.
35 | & New Zealand 1948-2009 9 33 17 1 2.5 2.9 39 -7.9 2.6 74 5.0 114 2.8 3.0 2.9 -7.6 2.6 6.1 35 114
36 7 Netherlands  1956-2009 17 35 2 0 4.1 2.7 1.1 n.a 6.4 2.5 2.9 n.a 4.2 3.0 L1 na. 6.5 2.2 2.9 na.
37 8 Norway 1947-2009 51 12 0 0 34 5.1 na na 5.4 44 na na 35 4.4 na na 4.9 4.1 na n.a
18 | 9 Ianan 1944.20N9 23 17 4 11 In an 1n n7 an 1.8 -N1 -11 17 472 17! 14 AR 1R -N2 -1.2 v
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