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Siirdiiriilebilirlik ya da ¢okiis, sorun ¢éziict
kurumlarin basarisindan ya da basarisizligindan
kaynaklanir. Sorun ¢6zmede uzun dénemli basariya ya
da basarisizliga gotiiren unsurlar pek az ilgi cekmistir,
dolayisiyla bu temel etkinlik pek az anlasiimistir.

Kurumlarin sorun ¢6zme kapasiteleri zamanla degisir;
bu da bize sorun ¢6zme biliminin, dolayisiyla da
sturdiritlebilirlik biliminin tarihsel olmasi gerektigine
isaret ediyor.

Karmasiklik temel bir sorun ¢ézme stratejisidir ve
cogu kez kisa donemde basarilidir, fakat kiimtlatif
oldugunda siirdiiriilebilirlige zarar verebilir.

Tarihsel vaka ¢alismalari sorun ¢6zmede uzun
dénemli karmasiklik gelisiminin farkli sonuglarini
gostermektedir. Bu vakalar ¢agdas toplumlarin
gelecekteki seceneklerini netlestirir: Coktis,
yalinlastirma ya da daha fazla enerji
stibvansiyonlarina dayali karmasiklik artirma.
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Orgiitsel sorun ¢6zme, tipik olarak yasanan anin
islerine egilir, fakat bizler bunun uzun dénemli
sonuglarini nadiren diisiiniiriiz.

Hi¢ kuskusuz, insanoglunun karsisina siradan
giicliiklerden uluslarin ve diinyanin biiyiik
ikilemlerine kadar degisen bir 6l¢ekte sorunlar her
zaman ¢ikmistir.

Beseri kurumlar ,

Problem Solving: Complexity,
History, Sustainability
Joseph A. Tainter
United States Department of Agriculture Forest Service

Sustainability or collapse follow from the success or
failure of problem-solving institutions. The factors
that lead to long-term success or failure in problem
solving have received little attention, so that this
fundamental activity is poorly understood.

The capacity of institutions to solve problems changes
over time, suggesting that a science of problem
solving, and thus a science of sustainability, must be
historical.

Complexity is a primary problem-solving strategy,
which is often successful in the short-term, but
cumulatively may become detrimental to
sustainability.

Historical case studies illustrate different outcomes to
long-term development of complexity in problem
solving. These cases clarify future options for
contemporary societies: Collapse, simplification, or
increasing complexity based on increasing energy
subsidies.
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Organizational problem solving is typically addressed
to the affairs of the moment, and we rarely consider
its long-term consequences.

Problems, of course, perennially confront human
existence at scales from common challenges to the
great dilemmas of nations and the world.

Human institutions, including nations and empires,
have disappeared because their members did not
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bunlarin tyeleri, sorun ¢6zmenin gelisimini
anlamadiklar! i¢in yok olurlar.

Son yillarda, érgiitsel karar verme?, 6rgtitsel ekoloji3

ve 6grenme orgiitleri* alanlarinda kurumlarin neden
gelistiklerini ya da hic ilerlemediklerini netlestirmek
icin ¢cok sey yapildi. Peter Senge’nin isaret ettigi gibis,
karar vericiler yaptiklarinin tam sonuglarini nadiren

gortrler.

Sorun ¢6zmenin, o an igin basarily, fakat daha sonra
basarisizliga katki yapabilecek derinden isleyen agir
zararl etkileri olabilir. Bu nedenle sorun ¢6zme
sistemlerinin onlarca yildan ytizyillara uzanan zaman
dilimlerde nasil gelistiklerini anlamak 6nemlidir.

Kurumsal sorun ¢é6zme bilimi her seyden 6nce tarihsel
bir bilimdir. Ne yazik ki, birka¢ on y1l1 asan kurum
calismasi sayis1 pek azdir. Orgiitsel arastirmalarda,
insanligin sorun ¢6ziimii konusundaki genis
deneyimleri yararlanilmadan kalmistir.

Bu makale uluslar ve imparatorluklarin basarilarinin
ve basarisizliklarinin tarihteki en dokunakli
orneklerini olusturan sorunlarin biiytik kurumlar
tarafindan ¢6ziimiini konu almaktadir.

Bu ¢ergevede, farkli sorun ¢ézme yollari sergileyen li¢
ornek sunulmustur. Amag, genel ilkeleri anlamak
oldugundan, sonuglar is diinyasi, ajanslar ya da STK
gibi baska sorun ¢6zme kurumlarina da uygulanabilir
(ve uygulanmistir®). Amag sadece tarihi anlamak degil,
ayni zamanda bugilinkii durumumuzu netlestiren bir
sorun ¢6zme anlayisi formiile etmek icin tarihi
kullanmaktir.

ORGUTSEL ETKILILiK VE KALICILIGIN
KARSISINDAKI KISITLAMALAR

Tiim biiyiik kurumlar gelismelerini ve sorun ¢é6zme
konusundaki etkililiklerini kisitlayan bazi unsurlar
vardir. Bunlarin arasinda kurum ¢evresinin yapisi
(diger benzeri kurumlar dahil), kurum igi islemlerin
verimi ve insanin idrak sinirlari ve bilgi islemedeki
sinirlar sayilabilir.

Bir orgiit tiiriini tanimlayan
sayilar baslangicta
yavas artar, sonra da daha fazla biiylimenin miimkiin

understand the development of problem solving
(Tainter, 2000).

The fields of organizational decision making (March &
Simon, 1958; March & Olsen, 1986; Simon, 1997),
organizational ecology (Aldrich, 1979, Hannan &
Carroll, 1992; Baum & Singh, 1994a, 1994b), and
learning organizations (Senge, 1990) have done much
in recent years to clarify why institutions thrive or
stagnate. As Peter Senge (1990, pp. 23, 57) notes,
decision-makers rarely foresee the full consequences
of their actions.

Problem solving can have pernicious effects, for a
solution that is successful now can contribute to
failure later on. It is important to understand how
problem-solving systems develop over time periods
stretching from decades to centuries.

A science of institutional problem solving is above all a
historical science. Regrettably, few studies of
institutions extend beyond a few decades. The vast
human experience of previous efforts at problem
solving remain largely untapped in organizational
research.

This essay mainly concerns problem solving by large
institutions, of which the successes and failures of
nations and empires provide some of history’s most
poignant examples.

Three such cases, illustrating different trajectories of
problem solving, are presented. Since the purpose is
to understand general principles, the results can be
(and have been) applied to other problem-solving
institutions, such as businesses, agencies, or
nongovernmental organizations (e.g., Tainter, 1997).
The purpose is not to understand history per se, but to
use history to formulate an understanding of problem
solving that can clarify our situation today.

CONSTRAINTS TO ORGANIZATIONAL
EFFECTIVENESS AND DURABILITY

Certain factors constrain all large institutions in their
development and problem-solving effectiveness.
These include the structure of an institution’s
environment (including other like institutions), the
efficiency of internal transactions, and limits to human
cognition and information processing.

The numbers of a type of organization tend to grow
slowly at first, then accelerate until a point is reached
beyond which further growth is not possible. Beyond

1 Tainter, 2000

2 (March & Simon, 1958; March & Olsen, 1986; Simon, 1997)

3 (Aldrich, 1979, Hannan & Carroll, 1992; Baum & Singh, 1994a, 1994b)
4 (Senge, 1990)

5 (Senge, 1990, s. 23, 57)

6 (6rnegin Tainter, 1997)
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olmadig bir noktaya kadar hizlanir. Bu noktadan
sonra, say1 bir miktar azalir ve sonra da dalgalanmaya
baslar. Bu siireci diizenleyen iki mekanizma vardir:
Mesrulastirma ve rekabet?.

Bir orgiit tiirtiniin ¢cogalmasi bu onun mesrulugunu
artirir ve dolayisiyla bu orgiitlerden daha ¢ok sayida
olusturulmasina karsi olan direnci azaltir. Renfrew’nin
ilk devletler i¢in soyledigi gibi, “Vatandaslarinin
goziinde bir devlet benzer bir ¢izgide gérev yaptigi
actkga gériilen baska devletlerin varligi ile mesruiyet
kazanir”8. Bir yandan da orgiit tiirii sayisindaki artis,
sonunda mevcut kaynaklarin sinirina dayanir. Bundan
sonra da, kaynaklar i¢in yarisma daha fazla cogalmayi
sinirlar ve orgiit 6liimleri artar.

Biiyiik, karmasik bir sistemde, orgiit ici kisitlar dis
kisitlar kadar 6nemli olup, cogu kez daha da
onceliklidir.

R. H. Coase (1937) is diinyasindaki firmalarin farkl
nitelikteki hizmetleri i¢ blinyede yaparak islem
maliyetlerini azaltmak i¢cin mevcut olduklarini 6ne
surer. Bu firmalardaki hiyerarsi daima isleri
basitlestirir ve bir sirkette hizmetlerin i¢sellestirilmesi
fiyat olusturma maliyetini azaltir. Buna karsin,
sirketler biiylidiik¢e azalan getiri kurali kendini
gosterir.

Enformasyon kanallari kalabaliklastike¢a islem
maliyeti artar?, atiklar artar ve baska i¢ islemlerin
orgltlenmesinin maliyeti biiyiir. Kisa bir stire
oncesine kadar is hayatindaki hiyerarsiler, devlet
icindekiler kadar kolay ¢ogalmistiri0,

Antik devletler de islem maliyetleriyle karsi karsiya
kalmislardir. Ornegin, erken Roma imparatorlugu
cevresindeki koruma altina aldig1 devletlerin, kendi
dis smirlarinda tampon gorevi iistlenmesini
saglayarak savunmasinin bir kismini
digsallastirmistir'l. Bu tampon devletleri zamanla
icine alarak, savunmasini ve idaresini i¢sellestirmistir,
bu durum siirekli genislemenin maliyeti daha fazla
icsellestirmenin yararlarina gorece fazlasiyla artana
dek siirmiistiir2,

Sorun ¢oziiciiler daima sinirh bir akilcilikla
kisitlanmistirt3, Orgiitlerin davraniglarinin amaca
yonelik!4 ve akilc1 olmasi hedeflenir!5. Buna ragmen

this point the numbers will decline somewhat, then
fluctuate. This process is regulated by two different
mechanisms: Legitimization and competition (Hannan
& Carroll, 1992).

Proliferation of a type of organization increases its
legitimacy, so that there is less resistance to
establishing more of them. As Renfrew noted in regard
to early states, “The specific state is legitimised in the
eyes of its citizens by the existence of other states
which patently do function along similar lines” (1982,
p. 289 [emphasis in original]). At the same time,
increasing the numbers of a type of organization
ultimately hits the limit of available resources.
Thereafter competition for resources limits further
proliferation and organizational mortality increases.

In a large, complex system, constraints internal to the
organization are as crucial as those external, and often
more immediate.

R. H. Coase (1937) argued that business firms exist to
reduce transaction costs by internalizing diverse
services. Hierarchy always simplifies, and within a
firm internalizing services reduces the cost of
establishing their prices. Yet as firms become larger
there are diminishing returns to scale.

Transaction costs increase as information channels
become congested (Rosen, 1991, p. 82), waste
increases, and the cost of organizing further internal
transactions grows. Until recently, hierarchies
proliferated in the business sector as easily as they did
in government (Bendix, 1956, p. 216).

Ancient states also experienced transaction costs. The
early Roman Empire, for example, externalized parts
of its own defense by allowing client states to buffer
its periphery (Luttwak, 1976). Those states were in
time absorbed, internalizing defense and
administration, until the costs of continued expansion
grew too high relative to the benefits of further
internalization (Tainter, 1994; see below).

Problem solvers are always constrained by bounded
rationality (March & Simon, 1958; Simon, 1997). The
behavior of organizations appears to be goal oriented

7 (Hannan & Carroll, 1992)

8 (Renfrew, 1982, s. 289 [orijinalde de vurguludur])
9 (Rosen, 1991, s. 82)

10 (Bendix, 1956, s. 216)

11 (Luttwak, 1976)

12 (Tainter, 1994; asagiya bakiniz)

13 (March & Simon, 1958; Simon, 1997)

14 (Aldrich, 1979, s. 4)
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insanlarin bir sorunun tiim karmasikligini
sindirebilmesi ve karmasiklig1 basitlestirecek kurallar
ya da modeller temelinde karar verebilmesi nadiren
goruliirte,

Karmasik bir sistemde karar verme, sorunla ¢6ziim
arasindaki baglantiy1 zayiflatacak kadar ¢ok
belirsizlikle ¢evrilmis olabilir!’. Verilen kararlarin
yillar hatta on yillar sonra kendini gosterecek, sistem
capinda sonuglar1 vardiri8, Bu 6nemli gercek ¢cok uzun
stredir ihmal edilmektedir: XIX yy’da Herbert Spencer
sunu gozlemis: “Her etkin kuvvet birden fazla degisiklik
liretir — her neden birden fazla etki tiretir”1°. Bu
makalede anlatilacak vakalarda bu ders agikea ortaya
cikacak.

Bu durumda, 6rgiitler konusundaki literatiir bizi
birkag varsayima gotiiriir: Kurumlar yapilari itibariyle
zor sorunlari (challenge) kendine ¢ekerler; hem igsel
yap1 ve maliyetlerle hem de dis tehlikelerle ilgili
sorunlarla karsi karsiya gelirler; ve karar vericiler
yetersiz bir anlayisla sonuclar: tahmin edilemeyecek
bir bicimde catallanan ¢6ziimler tiretmek zorunda
kalirlar.

SORUN COZME KABILIYETINi GELISTIRME

Insan toplumlari ve bunlarin kurumlari

Sorun Cézme Sistemleri
olmalidirlar. Siradan olan olaylardan uluslararasi
krizlere ve kiiresel degisime kadar c¢esitli gligliiklere
tepki verebilmelidirler. Aileler, sirketler, hiikiimet ve
organlari, bunlarin hepsi sorunlari ¢6zmek i¢in var
olmali ve var olmaya devam etmek icin de bu iste
basarili olmak zorundadirlar. Sorunlari ¢6zmeyi
basaramayan kurumlar gii¢lerini ve desteklerini
kaybederler, tipki bir¢ok hiikiimetin (6rnegin eski
Sovyetler Birliginin) 6grenmis oldugu gibi.

Tarihten ders almayan toplumumuz, toplumlarin
zaman i¢inde zorluklarla yiizlesmede ya da sorun
¢6zmede etkisiz kalabileceginin pek farkinda degildir.
Buna karsin, eski toplumlarda, 6rnegin antik yazarlar
ve Ronesans yazarlari arasinda bu fikir sadece kabul
edilebilir olmakla kalmamis, tartisilmasi gereksiz bir
gercek olmustur?0, Tarihin en dikkate deger
ongoriilerinden birini yapan Yunanl tarihg¢i Polybius

(Aldrich, 1979, p. 4) and is intended to be rational
(Simon, 1997, pp. 88-89). Yet humans can rarely
absorb all the complexities of a problem, and decide
on the basis of rules or models that simplify
complexity (March & Simon, 1958: 169-171, 203;
Simon, 1997, p. 119).

Decision making in a complex system may be
surrounded by such confusion as to make the linkage
between problem and solution tenuous (March &
Olsen, 1986, p. 16). Decisions have system-wide
consequences that may manifest themselves years or
decades later (Senge, 1990, p. 23). This crucial fact has
long been overlooked: in the nineteenth century
Herbert Spencer observed that, “Every active force
produces more than one change—every cause
produces more than one effect” (1972, p. 47
[emphasis in original]). This lesson will emerge clearly
in the cases described here.

The literature on organizations leads, then, to several
suppositions: that institutions inherently attract
challenges; that they face problems both of internal
structure and cost, and of external threat; and that,
with inadequate understanding, decision-makers
must devise solutions whose consequences ramify
unpredictably.

DEVELOPMENT OF PROBLEM SOLVING

Human societies and their institutions must, among
other characteristics, be problem-solving systems.
They respond to challenges that range from the
mundane to international crises and global change.
Families, firms, government and its agencies—each
exists to solve problems, and to continue to exist must
do so successfully. Institutions that fail to solve
problems lose legitimacy and support, as many
governments (such as that of the former Soviet Union)
have learned.

Our ahistorical society is largely unaware that over
time societies can become ineffective at confronting
challenges or solving problems. Yet in earlier societies,
such as among the writers of antiquity and the
Renaissance, the idea was not only acceptable, it was a
truism (e.g., Alcock, 1993). The Greek historian
Polybius, in one of history’s most remarkable
predictions, foresaw the collapse of the Roman Empire
600 years before it actually fell (Polybius, 1979, p.

15 (Simon, 1997, s. 88-89)

16 (March & Simon, 1958: 169-171, 203; Simon, 1997, s. 119)
17 (March & Olsen, 1986, s. 16)

18 (Senge, 1990, s. 23)

19 (1972, s. 47 [orijinalde de vurguludur])

20 (6rnegin Alcock, 1993)
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tam 600 y1l 6ncesinden Roma imparatorlugunun
¢Okilistinii gormiistiir21,

Neredeyse l¢ bin y1l boyunca bilim adamlari ve
felsefeciler toplumlarin neden kendilerini
sturdiremediklerini anlamaya ¢alismislardir. Kisa bir
slire 6nce, toplumlarin ya da kurumlarin basarisi ya da
cokiistiyle Sorun C6zme Kabiliyeti?? arasindaki iliskide
en 6nemli faktoriin karmasiklik oldugu 6ne
slirtilmistiir. Uzun donemde, bu, en 6nemli faktor
olabilir?3. Karmasikligin evrimi, sorun ¢6zme tarihinin
onemli bir parc¢asidir ve dolayisiyla da bu makalenin
birincil odak noktasidir.

Beseri toplumlar ¢ogu kez gittikce daha karmasik bir
hal alirlar -yani, daha fazla parga ve daha fazla parca
cesidi icerirler ve pargalarin biitiinlesimi gittikce
artar. Bu stire¢ bizim avci-toplayici atalarimizla
baslamis24 ve gectigimiz 12.000 yil boyunca da gittikce
hizlanmistir.

Avrupa’daki Karanlik Cag gibi, karmasikligin ¢oktigi
dénemler olmustur, fakat bu ¢okiislerin kesintiye
ugrattiklar egilim dylesine degismezdir ki, bu ¢okiis
donemlerini normalden sapmalar olarak goriirtiz2s. Bu
merak cekicidir, ¢linki gercekten karmasik toplumlar
oldukea yeni sayilir. Dért milyon yil 6ncesi kadar eski
bir tarihte yasamis insansilar (hominid) bulunmustur,
buna karsin, en karmasik toplumlar -devletler- bes
bin yildan kisa bir stire 6ncesine kadar ortaya
cikamamustir. insansilar tarihi yelpazesinin tiimiinii
g6z Oniine aldiginda, karmasiklik enderdir.

Cogu kez karmasikhiga muhalif goriiniiriiz. “Isini basit
tut” benzeri deyislerin ardindaki mantiksal diisiince
evrenseldir. “Cagdas yasamin karmagikligr” konusu da
sey de gazetecilerin ve okuyucularin en sevdikleri

konulardan biridir.

Secimlerde katilim oraninin bu kadar diisiik olmasinin
bir nedeni, tek bir oyun karmasik sorunlar1 yonetme
maliyetini dengeler gériinmemesidir. Hiikiimetlere
duyulan hosnutsuzlugun biiyiik bir kismi,
hiikiimetlerin insanlarin hayatinin karmasikligini
artirmasi gerceginden kaynaklaniyor. Insanlar
hiikiimetin dayattig1 karmasikliga dylesine
sinirleniyorlar ki, politikacilar karmasikliga karsi
cikarak kariyer yapiyor, gazeteciler de bunlar1 agiga
¢cikarmak i¢in birbirleriyle yarisiyorlar.

Bilimde Occam’in Tras Bigagi (Occam’s razor) ilkesi,

310).

For nearly three millennia scholars and philosophers
have sought to understand why societies fail to
preserve themselves. Recently it has been argued that
complexity is a primary factor linking problem solving
to the success or collapse of societies and institutions.
Over the long run it may be the most important factor
(Tainter, 1988, 1995, 1996a, 1996b, 1997, 2000;
Allen, Tainter, & Hoekstra, 1999). The evolution of
complexity is a significant part of the history of
problem solving and accordingly the primary focus of
this essay.

Human societies often seem to become progressively
more complex —this is, comprised of more parts,
more kinds of parts, and greater integration of parts.
This process began with our hunter-gatherer
ancestors (e.g., Price & Brown 1985), and has
accelerated over the past 12,000 years.

There have been episodes like the European Dark
Ages when complexity collapses, but the trend they
interrupt is so constant that we see these periods as
aberrations (Tainter, 1999). This is curious, for truly
complex societies are quite recent. Hominids have
been discovered as old as about four million years, yet
the most complex societies—states—did not appear
until a little more than five thousand years ago. In the
full spectrum of hominid history, complexity is rare.

We seem often to be averse to complexity. The
reasoning behind sayings like “Keep it simple” is
universally understood. The so-called “complexity of
modern life” is a favorite topic of journalists and their
readers.

One reason why we have such low participation in
elections is that the value of a single vote does not
appear to offset the cost of mastering complex issues.
Much of the discontent with government stems from
the fact that governments increase the complexity of
people’s lives. People resent governmentally-imposed
complexity to such a degree that politicians build
careers opposing it while journalists compete to
expose it.

In science, the Principle of Occam’s Razor states that

21 (Polybius, 1979, s. 310)

22 Editor Notu: Orijinal metinde “sorun ¢dzme” olarak kullanilan deyim, bu konuya asina olanlarin daha alisik olduklar: “Sorun C6zme

Kabiliyeti” olarak kullanilmistir.

23 (Tainter, 1988, 1995, 1996a, 1996b, 1997, 2000; Allen, Tainter, & Hoekstra, 1999)

24 (6rnegin Price & Brown 1985)
25 (Tainter, 1999)
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basit agiklamanin karmasikliktan daha tistiin
oldugunu ifade eder. Popiiler Amerikan yasaminda
bilimin rolii iizerinde ¢alisan Christopher Toumey,
bilimsel degerlerin Amerikan kiiltiiriine katilisinin
bilimin karmasikligina gore degistigini gostermistir2e.
Bilimin diizeyi, ana gereksinimin temel egitim ve
sorgulayici kisilik olacak kadar basit oldugunda, bilim
dogal dlinyaya iliskin bilgilerin aranmasinda degerli
(hatta kutsal) olarak ele alind1. Bilim karmasiklasip,
uzmanlastik¢a, Amerikan degerlerinden o kadar hizla
uzaklasti ki, halkin tavri1 kuskuculuktan diismanlhiga
dogru gitmeye basladi. Alexis de Tocqueville bu
egilimi ta 1834 yilinda yorumlamistir.

Karmasikliktaki her artisinin bir bedeli vardir. Bazi
alanlarda karmasiklig1 begenebiliriz (6rnegin sanatta),
fakat bedelleri 6demek zorunda olan biz
oldugumuzda, karmagikhiga karsi ¢ikariz. insanlarin
hiikiimet tarafindan zorlanan karmasikliga karsi
c¢ikmalarinin nedeni sadece soyut 6zgiirliik kavramlari
degil, ayni zamanda bunun esliginde getirdigi

bedeldir.

Karmasiklig1 desteklemenin bedeli, gittikce daha fazla
parca ve islem gerektirmek, uzmanlari desteklemek,
sistemin pargalarinin uyumlu ¢alismasi igin
davraniglari ayarlamak ve bilgi liretmek ve kontrol
etmek lizere biiyiiyen bir sistemi yaratmak, korumak
ve yerine baska bir sistem gecirmek i¢in gereken
enerji, emek, zaman ya da paradir.

Antropolog Leslie White esas olarak insan enerjisi
tarafindan etkin hale getirilen (6rnegin bir avci-
toplayicilar grubu) bir toplumun bir yilda kisi basina
sadece yaklasik 1/20 beygir giicli enerji liretebilecegi
tahmininde bulunmustur??. Boylesi basit bir toplumun
gerek duyacagi tiim enerji sadece bu kadardir.
Giliniimiizde ise, bu miktardaki enerji endustriyel
yasamin kisacik bir anini bile tiretemez. Hi¢bir toplum
kaliteli enerji28, insan giicli, zaman ya da para
tiikketimini artirmadan daha karmasik hale gelemez.

Eger karmasikligin bir bedeli varsa ve bunu 6demeye
istekli degilsek, neden basit avcilar olarak
yasamiyoruz? Atalarimiz neredeyse tliim tarihimiz
boyunca 0yle yasamislar. Bunun nedeni, karmasikligin
bir bedeli olmasina karsin, sorun ¢ézmede biiyiik
yarar1 da olmasidir. Tiir olarak basarili olmamizi dik
durmaya, basparmagimizi biikerek nesneleri

simplicity in explanation is superior to complexity.
Christopher Toumey, who studies the role of science
in popular American life, has shown that the
incorporation of scientific values into American
culture has varied with the complexity of science
(1996, pp. 11-20). When science was so simple that
its main requirements were fundamental education
and an inquisitive spirit, it was considered worthy
(even divinely sanctioned) to pursue knowledge of the
natural world. When science grew complex and
specialized it diverged so sharply from American
values that public attitudes began to range from
skepticism to hostility. Alexis de Tocqueville
commented upon this trend as early as 1834.

Every increase of complexity has a cost. While we may
appreciate complexity in some spheres (e.g., art), we
are averse when it is ourselves who must bear the
costs. People oppose governmentally-imposed
complexity not just because of abstract notions of
liberty, but also because of the costs it carries—taxes
levied or time spent filling in forms or standing in
queues.

The cost of supporting complexity is the energy, labor,
time, or money needed to create, maintain, and
replace a system that grows to have more and more
parts and transactions, to support specialists, to
regulate behavior so that the parts of a system all
work harmoniously, and to produce and control
information.

The anthropologist Leslie White once estimated that a
society activated primarily by human energy (bands of
huntergatherers, for example), could generate only
about 1/20 horsepower per capita per year (1949, p.
369; 1959, pp. 41-42). This is all the energy such a
simple society needs. Today such a quantity of energy
can produce scarcely a fleeting moment of industrial
life. No society can become more complex without
increasing its consumption of high-quality energy
(Hall, Cleveland, & Kaufmann, 1992), human labor,
time, or money.

If complexity costs and we are averse to paying for it,
why then don’t we still live as simple foragers? Our
ancestors did for nearly all of our history. The reason
is that although complexity costs, it has great utility in
problem solving. We attribute our success as a species
to such things as upright posture, an opposable
thumb, and a large and richly-networked brain. These

26 (Christopher Toumey, 1996, s. 11-20)
27 (1949, 5. 369; 1959, s. 41-42)
28 (Hall, Cleveland, & Kaufmann, 1992)
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kavrayabilmemize (bu sadece primatlara ve insana
0zgii bir harekettir, diger hayvanlarda yoktur) ve
biiyiik, zengin bir ag yapisi iceren beynimize baglariz.
Bu 6znitelikler sorun ¢6zmemizdeki karmasiklig: hizla
artirmamiza yarar. Sorun ¢6zme davranisimizi
cabucak degistirebilme yetenegimiz olmasaydj,
devamliliklari i¢in yavas biyolojik evrime siirecine
bagli olan diger tiirlerden pek fazla yetenekli
olamazdik.

Bu nedenle, karmasikligin gelisimi insanoglu tarihinin
en harika ikilemlerinden biridir. Ge¢gmis 12,000 y1l
boyunca (insan toplumlarinin karmasikliginin énemli
bir dlizeyde artmaya baslamasindan bu yana), sik sik
daha fazla enerji, emek, zaman ve paraya mal olan ve
¢ogu kez hakim egilimlere karsi ¢ikan sorun ¢ézme
stratejileri benimsedik.

Bu siirenin biiyiik bir kisminda, bedel, insan emeginin
daha ¢ok kullanimi oldu; insanlar karmasikligi
tasimak icin daha ¢ok ¢alistilar. Bunu basit bir
nedenle yaptik: Karmasiklik ¢ogu zaman ise yarar;
temel bir sorun ¢ézme aracidir.

Karmasiklik ilk asamalarinda olumlu doniit (feedback)
ve verim artisi yaratabilir2?. Zorluklarla
karsilastigimizda, ¢ogu kez daha karmasik teknolojiler
gelistirme, bir kuruma daha fazla 6ge ekleme

, sureg
orgilitleme ya da islemleri diizenleme ya da daha fazla
enformasyon toplama ve isleme gibi stratejilerle yanit
veririz. Boylesi eylemlerin her biri karmasiklik artisini
temsil eder. Bunlarin kismen de olsa ise yaramasinin
nedeni hizli uygulanabilmeleridir.

Bedellerini kisisel olarak tasidigimizda karmasikliktan
hosnut olmayisimiza karsin, sorun ¢ézme
kurumlarimiz karmasiklik yaratan gii¢lii unsurlar
olabilirler. Karmasikligin artmasi i¢in tek gereken, bu
karmasikliga ihtiyaci olan bir sorundur. Sorunla her
zaman ortaya ¢iktiklari i¢in, karmasiklik da acimasizca
artar.

Karmasiklik, bedelleri olan durum uyumlu (adaptive)
bir sorun ¢dzme stratejisi oldugu i¢in, buna ekonomik
bir islev olarak da bakilabilir. Toplumlar karmasikliga
yatirim yaparlar.

Tiim sorun ¢6zme sistemlerinde, baslangigtaki
stratejiler hem etkili olurlar (ise yararlar) hem de
maliyet-etkindirler (yatirim birimi basina ytiksek
getiri saglarlar). Bu normal bir ekonomik siiregtir:
Basit, pahali olmayan ¢6ziimler, daha karmasik ve
pahali olanlardan daha 6nce benimsenir. Dolayisiyla,
insanoglunun kendini besleme ¢abalari tarihinde az

attributes allow us rapidly to increase the complexity
of our problem solving. Without the ability quickly to
alter our problem-solving behavior we would be
hardly more capable than other species, which must
entrust their continuity to the slow process of
biological evolution.

The development of complexity is thus one of the
wonderful dilemmas of human history. Over the past
12,000 years (when the complexity of human societies
began to increase significantly) we have frequently
adopted strategies of problem solving that cost more
energy, labor, time, and money, and that often go
against deep inclinations.

For much of this time the cost was increased human
labor: people worked harder to support complexity.
We have done this for a simple reason: most of the
time complexity works. It is a fundamental problem-
solving tool.

In its early phases, complexity can generate positive
feedback and increasing returns (Tainter, 1988; Allen,
Tainter, & Hoekstra, 1999). Confronted with
challenges, we often respond by strategies such as
developing more complex technologies, adding more
elements to an institution (specialists, bureaucratic
levels, controls, etc.), increasing organization or
regulation of transactions, or gathering and
processing more information. Each such action
represents increasing complexity. Their effectiveness
comes in part because changes in these dimensions
can be enacted rapidly.

While humans may be complexity averse when we
personally bear the cost, our problem-solving
institutions can be powerful complexity generators.
All that is needed for growth of complexity is a
problem that requires it. Since problems always arise,
complexity seems to grow inexorably.

Since complexity is an adaptive problem-solving
strategy that has costs, it can be viewed as an
economic function. Societies invest in complexity.

In any system of problem solving, the initial strategies
tend to be both effective (they work) and cost-
effective (giving high returns per unit of investment).
This is a normal economic process: simple,
inexpensive solutions are adopted before more
complex and expensive ones. So in the history of
human efforts to feed ourselves, labor-sparing hunting

29 (Tainter, 1988; Allen, Tainter, & Hoekstra, 1999)
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emek gerektiren avcilik ve toplayicilik yerini emek-
yogun tarima vermis, tarim da niifus arttik¢a daha
yogunlasmistir.

Glin gectikce gecim tariminin yerini lirettiginden daha
fazla enerji tiiketen endiistriyel gida iiretimi aliyor30.
Mineralleri ve enerjiyi miimkiin oldugunca en
ekonomik kaynaklardan - bulmasi, elde edilmesi,
islenmesi ve dagitilmasi en az masrafli olan
kaynaklardan- tretiyoruz. Herbert Spencer’in3! ve
baskalarinin da dikkat ¢ektigi gibi, toplumlarimiz
esitlikgi iliskilerden, ekonomik karsilikliliktan, belirli
bir amaca yonelik (ad hoc) liderlikten ve
genellestirilmis toplumsal rollerden sosyal ve
ekonomik farklilasmaya, uzmanlasmaya, esitsizlige ve
tam zamanl liderlige degisim gostermistir. Bu
diizenlemeler toplumsal karmasikligin 6zidiir.

Karmasik ¢oziimler bir stireligine olumlu doéntis
getirebilir32. Ne yazik ki, hi¢cbir toplum

0zglin sorun ¢é6zme
alanlarinda karmasikliga karsilik kararli ya da gittikge
artan bir getiri elde edemez.

Herhangi bir orgiitte, biiyiikliik ve farklilasma artisy, i¢
islem maliyeti sorununu siddetlendirir33. Firsatlar ya
da sorunlar algilandike¢a hiyerarsiler farklilasir34.
Enformasyon bollastik¢a daha az tutarl hale gelir,
oyle ki, gercek siireclerin zenginliginin yerine
basitlestirilmis modellerin gecirilmesi gerekir3.

Kararlarin éngoriilemeyen sonuglar: vardir 3¢ ve
bunlar asagida da tartisildig1 gibi, cogu kez maliyetleri
yukari ¢ekerler. Sorun ve ¢6ziim arasinda ¢ogu kez
ince bir baglanti vardir3?,

Islem maliyetleri sorunlari yiiziinden, akilci ve bilgili
karar vericiler, ek bir i¢ islemin maliyeti ek bir dis
islemin maliyetine esit oldugunda, i¢ islemleri
azaltirlar38. Fakat burada sorun, tipik karar vericinin
bilgili olmamasi, dolayisiyla gelecegi tahmin
edemeyisi; dolayisiyla da, bilmeden maliyetleri
artiracak kararlar vermesinin kaginilmazhgidir.

and gathering gave way to more labor-intensive
agriculture, which itself became more intensive as
populations grew.

Increasingly, subsistence agriculture is being replaced
by industrialized food production that consumes more
energy than it produces (Boserup, 1965; Clark &
Haswell, 1966; Cohen, 1977). Whenever possible we
produce minerals and energy from the most
economical sources—ones that are least costly to find,
extract, process, and distribute. As Herbert Spencer
(e.g., 1972, pp. 39-46) and others have noted, our
societies have changed from egalitarian relations,
economic reciprocity, ad hoc leadership, and
generalized social roles to social and economic
differentiation, specialization, inequality, and full-time
leadership. These arrangements are the essence of
social complexity.

Complex solutions may for a time produce positive
returns (Tainter, 1988; Allen, Tainter, & Hoekstra,
1999). Unfortunately, no society (or smaller
institution such as an agency or firm) can forever
enjoy stable or increasing returns to complexity in
specific areas of problem solving.

In any organization, increasing size and differentiation
exacerbate the problem of internal transaction costs
(Coase, 1937). Hierarchies differentiate (Bendix, 1956,
p. 216) as opportunities or problems are perceived.
Information becomes less coherent as it becomes
more abundant, so that simplified models must
substitute for the richness of actual processes (March
& Simon, 1958, p. 203; Rosen, 1991, p. 82; Simon,
1997, p. 119).

Decisions have unforeseen consequences (Spencer,
1972, p. 47; Senge, 1990, p. 23), and as will be
discussed below, often drive up costs. The link
between problem and solution is often tenuous
(March & Olsen, 1986, p. 16).

Because of the problems of transaction costs, rational,
omniscient decision makers will reduce internal
transactions when the cost of an extra internal
transaction equals the cost of an external one (Coase
1937, pp. 394-395). The problem is that decision
makers are typically not omniscient, and cannot
foretell the future. Thus they inevitably make

30 (Boserup, 1965; Clark & Haswell, 1966; Cohen, 1977)
31 (6rnegin, 1972, s. 39-46)

32 (Tainter, 1988; Allen, Tainter, & Hoekstra, 1999)

33 (Coase, 1937)

34 (Bendix, 1956, s. 216)

35 (March & Simon, 1958, s. 203; Rosen, 1991, s. 82; Simon, 1997,s.119)

36 (Spencer, 1972, s. 47; Senge, 1990, s. 23)
37 (March & Olsen, 1986, s. 16)
38 (Coase 1937, s.394-395)
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Mikro islemci endiistrisini, bu sorunun

bir istisnasi olarak goriiriiz. Mikro
islemci tireticileri pozitif doniit ve artan verim’den
mutludurlar. Yine de bu endiistri bile bugiine kadar
geldigi kolaylikla sonsuza kadar devam edemez ve
fiziksel kisitlara kars: daha akillica ¢6ztimler
planlamalidir3?. Ekonomik olarak naif kuruluslar
(antik devletler gibi) bir yana, akilc1 érgiitler bile
karmasiklik karsiliinda verim azalmasindan sonsuza
dek kacamazlar

En fazla getiriyi veren ¢oziimler tiikenince, sadece
daha maliyetli ¢6zlimler kaliyor geriye. Kaynak
lretmek, islemleri yapmak, enformasyonu islemek ve
toplumu orgiitlemek i¢in en fazla getiriyi veren
¢ozlimler birer birer uygulandike¢a, uyumsal sorunlara
daha ¢ok maliyetli ve daha az etkili yanitlarla egilmek
zorunlu hale geliyor.

Cozumlerin maliyetleri arttik¢a, karmasikliga
yapilacak ek yatirimlar orantili bir getiri vermiyor.
Yatirim artislarn gittikee kiigiilen getiri artislari
vermeye basliyor. Marjinal getiri (yani ek bir yatirim
birimi basina getiri) azaliyor. Yani ana sorun bu:
Karmasikligin getiriyi azaltmasi.

Bu, uzun zaman siirdiirtildiigtinde ekonomik
durgunluk ve sorun ¢éziimiinde etkisizlik getiriyor. En
siddetli halinde ise, toplumlari ¢okiise agik hale
getiriyor ve tarihsel olarak “karanlik caglar” olarak
bilinen durumlara yol a¢iyor40. Bir toplumu
slirdiiriilemez yapan seylerin biiyilik bir kismi, sorun
¢o6zlimiinde karmasiklik sonucu getirinin azalmasinin
uzun siirmesidir#1.

Bu sav sorun ¢6zmenin iki ana alaninda gosterilebilir:
Kaynak iiretimi ve enformasyon tiretimi. Asagidaki
orneklerde, kaynak ve enformasyon elde etme
sorunlar1 ekonomik agidan akilci yollarla ¢oziiliiyor,
karmasik olmayan, yalin davranislar ve kuruluslar
tercih ediliyor. Emegin ve diger enerji tiirlerinin
korunmasi tercih ediliyor.

Sorunlar yeni kurumlarin ya da gereksinimleri
karsilamanin yeni yollarinin benimsenmesini
gerektirdiginde, karmasiklik artisi ve getiri azalmasi
yasaniyor. Bu érnekler bir ¢ok uyumsal sorun ¢ézme
sisteminin evrimini sdylece gz 6niine seriyor:
Karmasiklik artis1 6nce pozitif getiriye, sonra da getiri

decisions that inadvertently increase costs.

We tend to view the microprocessor industry as an
exception to this problem, exemplified, for example, in
Moore’s Law. Microprocessor producers have enjoyed
positive feedback and increasing returns. Yet even this
industry must devise ever-more-clever solutions to
physical constraints (e.g., Service 1997), which it
cannot do indefinitely as easily as it has todate. Even
economically-rational organizations cannot forever
avoid diminishing returns to complexity, and certainly
not institutions (such as ancient states) that are
economically naive.

As highest-return solutions are exhausted, only more
costly approaches remain to be adopted. As the
highest-return ways to produce resources, conduct
transactions, process information, and organize
society are progressively implemented, adaptive
problems must be addressed by more costly and less
effective responses.

As the costs of solutions grow, the point is reached
where further investments in complexity do not give a
proportionate return. Increments of investment begin
to yield smaller and smaller increments of return. The
marginal return (that is, the return per extra unit of
investment) declines. This is the central problem:
diminishing returns to complexity.

Carried far enough it brings on economic stagnation
and ineffective problem solving. In its most severe
form it has made societies vulnerable to collapse, and
historically has led to conditions that are colloquially
called “dark ages” (Tainter, 1988, 1999). A prolonged
period of diminishing returns to complexity in
problem solving is a major part of what makes a
society unsustainable (Tainter, 1995, 1996b; Allen,
Tainter, & Hoekstra, 1999).

This thesis can be illustrated in two principle areas of
problem solving: producing resources and producing
information. In the examples to follow, people solve
the problems of obtaining resources and information
in economically- rational ways. They prefer behavior
and institutions that are simple rather than complex.
They prefer to conserve labor and other types of
energy.

When problems require them to adopt new
institutions or ways of meeting their needs, they
experience increasing complexity and diminishing
returns. These examples illustrate the evolution of
many problem-solving adaptive systems: increasing
complexity with initially positive returns, then

39 (6rnegin, Service 1997)
40 (Tainter, 1988, 1999)
41 (Tainter, 1995, 1996b; Allen, Tainter, & Hoekstra, 1999)
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azalmasina ve maliyetin artmasina yol agiyor.

Kaynaklarin Uretimi

Tipik olarak insanlar 6nce en alttaki elmay1 koparirlar.
Yani, insanlar, bilgi sahibi olmak kaydiyla, énce
erisimi, islenmesi, dagitmasi ve tiikketmesi en kolay
olan gida, ham madde ve enerji kaynaklarini
kullanirlar. Tiiketimin artmasi ve/veya ucuz
kaynaklarin tiikenmesi seklinde sorunlar ortaya
ciktiginda, erisimi, islenmesi, dagitmasi ve titketmesi
daha zor olan kaynaklara donerler. Bu, ¢cogu kez daha
fazla ¢aba gerektirir ve getirisi de daha fazla olmaz
(vine de, asagida gosterilecegi gibi her zaman degil).

Bugiin toplumsaliz ve yasamin en 6nemli amaglarinin
miimkiin oldugunda ¢ok iiretmek ve edinmek
oldugunu diisliiniiyoruz. Ama bu yakin bir zaman 6nce
ortaya ¢ikmis bir gelisme: Atalarimiz tipik olarak
kapasitelerinin ¢ok altinda liretmislerdir, bir ¢ok kisi
de hala boyle yapiyor. Hobbes’un avci-toplayici
yasami “cirkin, kaba ve kisa” olarak tanimlamasi, basit
gecim Uretimini siirekli bir miicadele olarak
diistinmemize yol agmis. Buna karsin, antropolog
Richard Lee, Kalahari Co6liiniin (pek de liretici olmayan
bir bélge) Kung San’larinin (Busman’lar) ihtiyaglar:
olan yiyecegin tiimiinii elde etmek i¢in haftada sadece
2,5 glin calismalari gerektigini bulmus#2. Bu 6rnek
nedeniyle, Kung gibi basit avcilar ilk aylak toplum
olarak nitelendirildiler.

Gegcim tarimi yapanlar da oldukg¢a az ¢alistiklar: ve
ozellikle de yapabileceklerinden ¢ok daha az
urettikleri gorulir. Emek boldur, gereginden az
kullanilmaktadir ve dagitimi verimsizdir. Ornegin,
Leopold Posposil'in arastirmalarina gore, Yeni
Gine’nin Kapauku Papuanlari tarimsal islerde en
yogun calisma mevsiminde bile glinde yaklasik iki saat
calisirlar.

Bunun gibi, Robert Carneiro’nun Amazon
Havzasindaki gozlemlerine gore, Kuikuru erkekleri
tarimsal islerde glinde yaklasik iki saat ¢alisirlar ve 90
dakika balik avlarlar. Gliniin geri kalanini dans ederek,
glireserek ya da dinlenerek gecirirler. Birazcik daha
caba gosterseler, cok daha fazla liretebilirlerdi. Boylesi
toplumlardaki bir ¢ok aile yasamayi siirdiirecek kadar
bile liretmez; baskalari onlara yardimci olur43.
Dolayisiyla, giinde sadece birkag saat ¢alisan ciftgiler
bile kendilerinden baska aileleri de
destekleyebilmektedir.

diminishing returns to complexity and increasing
costliness.

Producing Resources

People typically pluck the lowest apple first. That is,
provided that they have knowledge, people initially
use sources of food, raw materials, and energy that are
easiest to acquire, process, distribute, and consume.
As problems arise in the form of growing consumption
and/or exhaustion of inexpensive resources, people
turn to supplies that are more difficult to acquire,
process, distribute, or consume. Often this requires
greater effort while yielding no greater return
(although, as will be shown, sometimes this is not the
case).

We are socialized today to think that among the most
desirable goals of life are to produce and acquire as
much as possible. Yet this is a recent development:
our ancestors typically produced much less than they
were capable of, as many people still do. Hobbes’s
description of hunter-gatherer life as “nasty, brutish,
and short” has accustomed us to think of simple
subsistence production as a continuous struggle. Yet
anthropologist Richard Lee found that the !Kung San
(Bushmen) of the Kalahari Desert (a landscape not
very productive) need to work only about 2.5 days per
week to obtain all the food they need (Lee, 1968,
1969). Because of this example, simple foragers such
as the !Kung have been labeled the original leisure
society.

Subsistence agriculturalists also seem to work rather
little, and it is particularly noticeable that often they
produce less than they might. Labor seems to be
abundant, underutilized, and inefficiently deployed, so
that subsistence farmers characteristically
underproduce. The Kapauku Papuans of New Guinea,
for example, according to research by Leopold
Posposil, work about two hours a day at agricultural
tasks, even during the peak labor season.

Similarly, Robert Carneiro observed in the Amazon
Basin that Kuikuru men spend about 2 hours a day on
agricultural work and 90 minutes fishing. They spend
the rest of the day dancing, wrestling, or resting. With
a little extra effort they could produce much more
than they do. Many households in such societies do
not produce even enough to live on; they are
supported by others (Sahlins, 1972). Thus farmers
working only a couple of hours a day may be
supporting even more households than their own.

42 (Lee, 1968, 1969)
43 (Sahlins, 1972)
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Bu az tiretimle karsilasan

koloni idarecileri ¢cogu
kez gozetimleri altindaki yerli halkin dogustan tembel
oldugu sonucuna varmislardir. Ancak, devrim 6ncesi
Rus koyliileri dahil, ekonomik agidan daha gelismis
yerlerdeki gecim ciftcileri de benzer stratejiler izler.

Rus ekonomisti A. V. Chayanov (1966) Volokolamsk’ta
25 ciftgi ailesinde emegin yogunlugunu incelemistir.
Chayanov, aile basina bagil is¢i sayis1 karsisinda emek
yogunlugunu grafige gecirdiginde, dlcek ekonomileri
bulmustur: aile basina bagil is¢i sayis1 ne kadar ¢oksa,
bir kisinin harcadig1 ¢aba o kadar azdir. Uretme cabast
ile tiretme kapasitesi ters orantilidir#4. Rus koyliileri
icinde yasadiklar: zorlu kosullarda bile
yapabileceklerinin altinda tiretmektedir. Aylakliga
verdikleri deger, ek emegin marjinal getirisinden
fazladir.

Ester Boserup emegin varligi ve bunun, temel yasam
ihtiyaglarinin otesinde kullanilmayist arasindaki
celiskiyi aciklamak i¢in The Conditions of Agricultural
Growth (Tarimsal Biiyiimenin Kosullaru (1965) adli
klasik ¢alismasini yazdi. Stirekli olarak miimkiin
olandan az tiretmeye buldugu kilit agiklama emek
artisinin marjinal getirisi oldu -Bat1’'nin ekonomi
biliminin ortaya attig1, anlasilmasi gili¢ olan ama
tembel yerliler ve tutucu koyliiler tarafindan basindan
beri anlasilmis bir kavram. Daha yalin bir deyisle,
tarimsal yogunlasma (mekanik olmayan ciftcilikte)
topragin iiretkenliginin artmasina neden olsa da,
emegin liretkenliginin azalmasina neden olur. Her bir
ek emek birimi, ilk emek biriminin birim basina
trettiginden daha az ¢ikti iiretir. Yerliler ve koyliilerin
yapabileceklerinden daha az liretmelerinin nedeni
basittir: liretimin artis1 emegin getirisinin azalmasina
yol agar.

Boserup’un genel ilkesi fazlasiyla dogrulanmis oluyor.
Ornegin, kuzey Yunanistan’da hektar basina yillik
yaklasik 200 saat oraninda uygulanan emek, hektar
basina 2000 saat oraninda uygulanan emekten kabaca
15 misli daha iiretken (bir emek saati basina getiri
olarak). Ikinci ciftci hektar basina kuskusuz daha fazla
hasat yapacak fakat ¢alisma saati basina daha az hasat
alacak4s,

Ek emek bu kadar verimsizse, neden bu emegi
verelim? Boserup, tarihte tarimsal yogunlasmay1
glidiileyen faktoriin niifus artis1 oldugunu oéne siiriiyor
(aslinda burada tezi biraz fazla basitlestirmis

Colonial administrators, confronted with such
underproduction (and in ignorance of both economics
and human diversity), often concluded that the native
people they supervised were inherently lazy. Yet
subsistence farmers in more economically developed
places follow similar strategies, including peasants of
pre-revolutionary Russia.

The Russian economist A.V. Chayanov (1966) studied
the intensity of labor among 25 farm families in
Volokolamsk. Plotting intensity of labor against the
relative number of workers per household, Chayanov
found economies of scale: the larger the relative
number of workers per household the less effort each
person puts forth. Productive intensity varies
inversely with productive capacity (Sahlins, 1972, p.
91). Even under the harsh conditions in which they
lived, Russian peasants underproduced. Those able to
produce the most actually underproduced the most.
They valued leisure more highly than the marginal
return to extra labor.

To account for this contradiction between the
availability of labor and the failure to apply it beyond
basic sufficiency, Ester Boserup wrote her classic
work The Conditions of Agricultural Growth (1965).
The key she found to persistent underproduction is
the marginal return to increasing labor—a subtle
concept brought forth by the sustained effort of
Western economic science, but understood all along
by the lazy natives and conservative peasants. Simply
put, while agricultural intensification (in non-
mechanized cultivation) causes the productivity of
land to increase, it causes the productivity of labor to
decline. Each extra unit of labor produces less output
per unit than did the first unit of labor. The natives
and peasants produce less than they might for the
simple reason that increasing production yields
diminishing returns to labor.

Boserup’s general principle has been amply verified.
In northern Greece, for example, labor applied at an
annual rate of about 200 hours per hectare is roughly
15 times more productive (in returns per hour of
labor) than labor applied at 2000 hours per hectare.
The latter farmer will certainly harvest more per
hectare, but will harvest less per hour of work (Clark
& Haswell, 1966; Wilkinson, 1973).

If extra labor is so inefficient, why undertake it?
Boserup suggests (although here her thesis is
somewhat oversimplified) that the factor that has
historically driven agricultural intensification is

44 (Sahlins, 1972,5.91)
45 (Clark & Haswell, 1966; Wilkinson, 1973)
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oluyoruz).

Bu makalenin terimleriyle ifade edersek, yiyecege
gerek duyan niifusun artisi, gida tiretiminin
yogunlastirilmasiyla ¢oziilebilecek uyumsal bir sorun
ortaya cikariyor —avciliga destek olarak tarim
yaparak#6 ya da mevcut tarimda daha fazla emek
harcayarak. Bazi durumlarda, gecim yogunlasmasi
sadece emek uygulanmasiyla sonuglanir, baska
durumlarda ise, emegin karmasikliginin artmasini
icerir (tarlanin hazirlanmasi, otlarin yolunmasi,
glibreleme, nadas ya da sulama). Her iki strateji de
liretim sisteminde maliyeti artiracaktir.

Uretimin yogunlastirilmasinin birkag¢ sonucu var. En

iyi olan yani1 ag1g1 hafifletmesi olup her sey yolundadir.

En koti yani ise

iretim sistemlerini
kararsizlastirmasi ve tiim toplumu ¢okiise acik hale
getirmesidir. Bazen tesadiifen kesfedilir ve biiytik
refah artisi getirir.

Carpial tarihsel 6rnekler mevcuttur. {1k ortaya ¢ikan
devletler ve imparatorluklarin emegi ve kaynaklari
harekete gecirme kapasiteleri o kadar fazlaydi ki,
yaptiklari anitlara bugiin bile hayranlikla bakiyoruz.
Yine de bu toplumlarda iiretim kapasitesi hakkindaki
enformasyon, liretimin kendinden daha az gelismistir.
Cogu kez hiikiimdarlar topragin kapasitesini
anlamamuis, koyliiler de iiretimi yogunlastirmamaistir.
Koyliileri daha fazla emek harcamaya itmenin her
zaman topragin iiretkenliginde azalmayla
karsilasacagini anlamis olmalilar. Bunun sonucu, uzun
politik biiyiime dénemleri yasayan, bundan sonra
ekonomik durgunluga gecerek baska devletler
tarafindan fethedilen ya da ¢dken toplumlar olmustur.
Uciincii Ur Hanedan1 (MO yaklasik 2100-2000)
ozellikle etkileyici bir 6rnektir.

Gliney Mezopotamya’da ¢6le sulamanin getirilmesi
baslangigta yiiksek verimle birlikte refah, giivenlik ve
kararlilik saglamistir. Ugiincii Ur Hanedaninin
stratejisi bu olmustur. Bu strateji sulamay1
yayginlastirmis, niifusun ve yerlesikligin artmasini
tesvik etmistir. Yiikksek tiretimden elde edilen geliri
toplamak i¢in karmasik bir biirokrasi kurulmustur.
Birkag nesil boyunca her sey yolunda gider, en
azindan hiikiimdarlar igin.

Mezopotamya topraklarinda birkag yil asir1 sulama
yaptiktan sonra, tuzlu yer alt1 suyu ytikselir ve topragi
bozar. Ugiincii Ur Hanedany, getiri elde etmek icin

population growth.

Phrased in the terms of this essay, growth of
population straining food supply presents an adaptive
problem that can be addressed by intensifying food
production— whether by adopting agriculture to
supplement foraging (Cohen, 1977) or by applying
greater labor to existing agriculture. In some cases
subsistence intensification may amount only to the
application of labor, while in other cases it involves
increasing the complexity of labor (by adding extra
steps such as field preparation, weeding, manuring,
fallowing, or irrigation). Both strategies
institutionalize higher costs in the production system.

Intensification of production leads to several
outcomes. At its best it alleviates the shortfall and all
is well. At its worst—directed from above by rulers to
seek to maximize production for political purposes—it
can destabilize productive systems and make an

entire society vulnerable to collapse. On occasion it is
serendipitous, bringing great increases in prosperity.

There are telling historical examples. Early states and
empires had such capacity to mobilize labor and
resources that we still marvel today at the monuments
they built. Yet in these societies information about
productive capacity seems to have been less
developed than production itself. Rulers often seem
not to have understood the capacity of the land and
peasants to intensify production. They appear to have
felt that compelling peasants to greater labor would
always compensate for the declining productivity of
land. The result was societies that underwent long
periods of political growth, followed by economic
stagnation, conquest by another state, or collapse. The
Third Dynasty of Ur (ca. 2100-2000 B.C.) isa
particularly dramatic example.

In southern Mesopotamia, bringing irrigation to the
desert soils initially produces high yields along with
prosperity, security, and stability. This was the
strategy of the Third Dynasty of Ur. It extended
irrigation and encouraged population and settlement
growth. It established a complex bureaucracy to
collect the revenues generated by high production. All
was well for a few generations—at least for the rulers.

After a few years of over irrigating Mesopotamian
soils, saline groundwater rises and ruins the soil. The
Third Dynasty of Ur was destroyed by its own strategy

46 (Cohen, 1977)
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benimsedigi stratejisi —~sorun ¢ézme ¢abalarinin bir
parcasi- tarafindan yok edilmistir. Ugiincii Ur
Hanedanindan énce, MO yaklasik 2900 ila 2300 yillar:
déneminde, ekin elde oranlari hektar basina ortalama
yaklagik 2030 litre olmustur. MO iigiincii binyilda
1134 litreye diismistiir. Uretimdeki (dolayisiyla
devlet gelirlerindeki) bu azalma, Ugiincii Ur
Hanedaninin iiretimi yogunlastirarak ve yonetsel
(idari) karmasikligi artirarak tistesinden gelmeye
calistig1 sorun olmali. Boylelikle, elde oranlari
diistiikce ve maliyetler arttikea, ciftgiler, daha pahal
bir devlet yapisini desteklemek i¢in liretimlerini
yogunlastirmak zorunda kalmislardir. Bu agik¢a
karmasiklik sonucu getiri azalmasina giden yoldur.

Uciincii Ur Hanedani bes kral boyunca kalic1 oldu,
sonra ¢okti. Devlet bir sulama rejimi ve idari organlar
kurmustu ve merkezi hiikiimet olmadan
surdiriilemeyecek niifus diizeylerini tesvik etmisti.
Idari organ ¢oktiigiinde, kirsal kesimin tiimiinii
beraberinde siiriikledi. MO 1700 yilina gelindiginde
verim orani hektar basina 718 litreye diismiistii. Hala
iiretime devam edebilen tarlalarin dértte birinden
fazlasi hektar basina sadece ortalama 370 litre
veriyordu. Ayni ¢cabay1 gosteren ciftciler 800 yi1l 6nceki
hasadin dortte birinden az miktarda hasat
yapabiliyordu. MO ikinci binyilin sonunda yerlesim
sayi1s1 % 40 dismistii ve yerlesim alanlar1 % 77
azalmisti. Niifus yogunluklar1 hemen hemen 2500 yil
slireyle, yeni bir rejim tliretimi tekrar en iist dlizeye
¢ikarmaya c¢alisana dek, Ur III'teki diizeylere
yikselemedi*’.

Sorunlary, liretimi yogunlastirarak ve karmasikligi
artirarak ¢6zmenin her zaman felaketle
sonuclanmamasi memnunluk verici. Zaman zaman
hedeflenmeyen sonuglar yasasi, azalan getiri yasasina
baskin ¢ikar. Ekonomi tarihinin en 6nemli
calismalarindan birinde, Richard Wilkinson (1973)
Ingiliz halkinin ge¢ Orta Cag’da ve Rénesans’ta niifus
artis1 ve agagsizlasma sorunlarina nasil yanit verdigini
anlatiyor. Bu ¢ag boyunca niifus artis1 yavas yavas
entansif tarim ve agagsizlasmaya yol acti. Gittikce
artan insan sayisl i¢in yiyecek ve yakit saglamak
amaciyla ormanlar kesildikge, bir zamanlar yeterli
olan odun kaynagi artik yeterli olmamaya basladi.
Isinma ve yemek pisirme i¢in kémiir kullanimi
artmaya basladi. Bu, bir ¢cok nedenden dolay1
isteksizce yapiliyordu. Kémiir kirletiyordu ve her
yerde bulunmuyordu. Dagitimi i¢in tiimiiyle yeni
sistemlerin -kanallarin ve demiryollarinin-
planlanmasi gerekiyordu. Yeraltindan yakit ¢ikarmak
ayakta duran bir agaci kesmekten daha pahaliydi. Bir

for raising revenues—part of its problem solving
efforts. Before the Third Dynasty of Ur, in the period
ca. 2900 to 2300 B.C,, crop yields had averaged about
2030 liters per hectare. By the end of the third
millennium B.C. they had declined to 1134 liters. This
decline in production (and hence in state revenues)
seems to have been the problem that the Third
Dynasty tried to overcome by intensifying production
and increasing governmental complexity. Thus as
yields declined and costs rose, farmers had to
intensify their production to support a costlier state
structure. It was clearly a course of diminishing
returns to complexity.

The Third Dynasty of Ur persisted through five kings
and then collapsed. The state had built an irrigation
regime and administrative apparatus, and encouraged
population levels, that could not be sustained without
central government. When the administrative
apparatus collapsed it took the countryside with it. By
1700 B.C. yields were down to 718 liters per hectare.
More than one-fourth of the fields still in production
yielded on average only about 370 liters per hectare.
For equal efforts cultivators took in harvests less than
one-fourth as large as those 800 years earlier. By the
end of the second millennium B.C. the number of
settlements had dropped by 40 percent and the
settled area had contracted by 77 percent. Population
densities did not grow again to the level of Ur III for
nearly 2500 years, when a new regime tried again to
maximize production (Adams, 1978, 1981; Yoffee,
1988).

Happily, solving problems by intensifying production
and increasing complexity does not always yield
catastrophic results. The law of diminishing returns is
occasionally superseded by the law of unintended
consequences. In one of the most significant works of
economic history, Richard Wilkinson (1973)
described how the people of England responded to the
problems of population growth and deforestation in
the late Middle Ages and Renaissance. Population
growth throughout this era led progressively to
agricultural intensification and deforestation. As
forests were cut to provide food and fuel for more and
more people, the supply of wood no longer sufficed as
it once had. Coal began increasingly to be used for
heating and cooking. For several reasons this was
done reluctantly. Coal was polluting, and it was not to
be found everywhere. Entire new systems had to be
devised to distribute it—canals and railways. Digging
a fuel from the ground costs more than cutting a
standing tree. Coal overall cost more per unit of heat

47 (Adams, 1978, 1981; Yoffee, 1988)
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birim 1s1 basina gereken komiiriin maliyeti odunun
maliyetinden daha pahaliydi ve nakit parayla satin
alinmasi gerekiyordu.

Komiire bagl kalmaya zorlananlar, en azindan
komiirii benimsemenin ilk asamalarinda mali
durumlarinda bir diisiis yasadilar. Odun yetersizligi
sorunun kdmiir kullanilarak ¢6ziilmesi baslangicta
yogunlasma ve karmasiklik sonucu getiri azalmasi
iceren bir baska deneyim oldu. insanlar sorunlari
¢ozmiislerdi ama bu ¢6ziim daha baska sorunlar
getirmigti.

Komiiriin 6nemi arttik¢a, en kolay erisilebilen komiir
yataklari tiikenmisti. Kdmiiriin maliyeti artti. Kdmiir
madenleri gittikce daha derin kazilmaya baslandi, yer
alt1 sular1 engelleyene kadar kazildi. Bu can sikici bir
sorundu, ama ayni zamanda buhar makinesinin
gelistirilmesine de biiyiik dlciide 6nayak oldu.
Zamanla buhar makinesi madenlerden suyu verimli
bir sekilde bosaltabilecek kadar gelistirildi. Kémiir
temelindeki endustri artik kurumsallasmisti.

Bu 6ykiiniin 6nemli yonii, komiir temelindeki bir
ekonominin ortaya ¢ikisiyla, kanal ve
demiryollarindan olusan bir dagitim aginin ve buhar
makinesinin gelistirilmesinin, yani Endiistri
Devriminin en dnemli 6gelerinden birka¢inin yerine
oturmus olmasiydi. Baslangicta getiri azalmasina ve
refahta diistise neden olan komiir, baska teknolojik
ilerlemelerle getiride artis ve refahta biiyiik ilerleme
sagladi. Bu basarinin sirri, sadece odun gibi fotosentez
irtnlerini hasat ederek saglanandan ¢ok daha fazla
insan etkinligini desteklemek tlizere gelistirilebilecek
bir enerji kaynaginin bulunmus olmasiydi. Kémiiriin
¢ikarilmasi ve dagitilmasi sorunlarinin ¢6ztimi islem
maliyetlerini artirdi fakat pozitif doniit ve teknolojik
gelisme ile ortaya ¢ikan refah bunu fazlasiyla
dengelemisti.

Bunun sonucu Mezopotamya’dakinden farkl
olmayabilirdi. Ekonomik refahin biiytik iireticisi olan
endiistriyellesmenin kismen kaynak azalmasi
sorununun ¢oézillmesiyle

ortaya ¢cikmasi
tarihin biiytik ironilerinden biridir.

Kaynak liretme sorunu, tiim beseri kurumlarin
karsisina ¢ikar. Akilcilik ve karmasikliga (yani
maliyete) karsi olan insanlar her zaman ekonomik bir
sekilde bulunabilen, hasat edilebilen ve kullanima
sokulabilen kaynaklar1 kullanmayi tercih ederler.
Once en alttaki meyveyi koparmayi tercih ederiz.

Baylesi “ilk hat” kaynaklar yetersiz kaldiginda, daha
fazla kaynak liretme sorunu, karmasiklig1 ve

than did wood, and had to be purchased with cash.

Those forced to rely on coal, in at least its initial
phases of adoption, experienced a decline in their
financial well-being. Solving the problem of
insufficiency of wood by using coal instead was at first
another experience of diminishing returns to
intensification and complexity. People solved their
problems, but were worse off for it. As the importance
of coal grew its most accessible deposits were
depleted.

The cost of coal rose. Mines had to be sunk ever
deeper until groundwater limited further mining. This
was a vexatious problem, but it stimulated greatly the
development of the steam engine. In time the steam
engine was perfected enough to pump water
efficiently from mines. The coal-based economy came
to be institutionalized.

The remarkable part of this story is that, with the
emergence of an economy based on coal, the
development of a distribution network of canals and
railways, and the refinement of the steam engine,
several of the most important elements of the
Industrial Revolution were in place. Coal, which
initially produced diminishing returns and declining
welfare, came with further technological refinement
to subsidize increasing returns and great growth of
welfare. The secret of the success was an energy
source that could be developed to subsidize far more
human activity than is possible solely by harvesting
the products of photosynthesis, such as wood. Solving
the problems of extracting and distributing coal raised
transaction costs, but this was more than offset by the
prosperity arising from positive feedback and
technological development.

The outcome could not have been more different from
what happened in ancient Mesopotamia. It is one of
history’s great ironies that industrialism, the great
generator of economic well-being, emerged in part
from solving the problem of resource depletion, which
so often generates poverty and collapse.

The problem of producing resources confronts every
human institution. Being rational and complexity (i.e.,
cost)-averse, humans always prefer to use resources
that they know can be economically found, harvested,
and put to use. We prefer to pluck the lowest fruit
first.

As such “first-line” resources become insufficient, the
problem of producing more resources tends to raise
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maliyetleri artirma ve dolayisiyla ekonomik verimi
azaltma egilimindedir.

Boylelikle, artik cogumuz basit giftgilerin iki saatlik
¢alisma giintinden ¢ok daha fazla ¢alisiyoruz. Bazen bu
iiretim yogunlasmasi komiir gelisiminde oldugu gibi
beklenmedik bir faydaya yol agabilir, ama ¢ogu kez de
sadece sabit bir kaynak girdisini korumak i¢in daha
¢ok calismaya yol agiyor.

Bilginin Uretimi

Endiistriyellesmenin gelisiminde bilgi tiretiminin

uyumsal (adaptive) sorun ¢ozme*8 yoluyla
kaynak tireterek buyiik bir rol aldigini gériiyoruz. Bize
bilginin iyi bir sey oldugunu diisiinmemiz 6gretildi ve
¢ogunlukla da bu dogru. Buna karsin, 6grenime ya da
arastirmalara fon saglayanlar disinda, bilginin bir
maliyeti oldugunu nadiren farkina variriz. Bunun da
otesinde, bilgi artis1 her zaman maliyet-etkin degildir.
Bilgi karmasiklastikea, bilgi iiretimi de getiri
azalmasina neden oluyor. Sinirlanmigs akilcilik# ve
basit yollarla zorlanan asir1 iiretim, bilginin etkililigini
daha da azaltiyor>9.

Toplum, karmasiklig arttikca bilgiye daha bagimh
oluyor ve iiyelerinin 6grenim diizeylerinin daha da
yliksek olmasi gerekiyor. 1924 yilinda, S. G. Strumilin
yeni kurulan Sovyetler Birligi'nde 6grenimin
uretkenligini degerlendirdi. Strumilin, 6grenimin ilk
iki yilinin bir is¢inin becerilerini y1lda ortalama yiizde
14,5 artirdigim buldu. Ugiincii bir y1lin eklenmesi
o0grenimin tretkenliginin diismesine neden oluyor
clinkii beceriler sadece ylizde sekiz daha artiyor. Dort
ile alt1 y1l 68renim ise, is¢ilerin becerilerini yilda
sadece yiizde dort ila bes daha artiriyorst. Bu
durumda ilk iki y1ldan sonra 6grenim getiride azalma
veriyor.

Birlesik Devletler'de kapsamli bir 6grenim maliyetleri
calismasi Fritz Machlup tarafindan yayinlandi (1962).
1957-58 yillarinda, okul dncesi ¢ocuklarin evde
ogrenimleri yeni doganlarla bes yasina kadar olan
arasindaki her yas sinifi i¢in Birlesik Devletler’e yi1lda
886.400.000 Dolara mal olmaktaydi (bu maliyet esas
olarak ebeveynlerin gézden ¢ikardiklar: potansiyel
gelirdir). ik ve orta okullarda, bu maliyet her yas sinifi
icin y1lda 2.564.538.462 Dolara ¢ikiyordu (6 yasindan
18 yasa kadar). Yiiksek 68renim gérmek isteyenler
icin (1960 yilinda yeterlilige sahip niifusun % 33,5’u),
4 yillik bir 6grenim ulusa her sinif icin yilda

complexity and increase costs, and thus decreases
economic efficiency.

Thus most of us now work far more than the two
hours per day of simple cultivators. On occasion this
intensification of production may generate an
unexpected benefit, as in the deployment of coal, but
often it leads to working harder just to maintain a
constant income of resources.

Producing Knowledge

We see in the development of industrialism that
producing knowledge (of, for example, steam engines
and transportation) has as great a role in adaptive
problem solving as producing resources. We are
taught to think that knowledge is a good thing, and for
the most part of course it is. Yet, except for those who
must fund education or research, we rarely realize
that knowledge has costs. Moreover, increasing
knowledge is not always cost effective. As knowledge
grows more complex, its production also becomes
subject to diminishing returns. Bounded rationality
and simple overproduction further reduce the
effectiveness of information (March & Simon, 1958, p.
203; Rosen, 1991, p. 82; Simon, 1997, p. 119).

As any society increases in complexity it becomes
more dependent on information, and its members
require higher levels of education. In 1924 S. G.
Strumilin evaluated the productivity of education in
the newly-formed Soviet Union. The first two years of
education, Strumilin found, raise a worker’s skills an
average of 14.5 percent per year. Adding a third year
causes the productivity of education to decline, for
skills rise only an additional eight percent. Four to six
years of education raise workers’ skills only a further
four to five percent per year (Tul’chinskii, 1967, pp.
51-52). Education beyond the first two years in this
case yielded diminishing returns.

In the United States a comprehensive study of the
costs of education was published by Fritz Machlup
(1962).1In 1957-58, home education of pre-school
children cost the United States $886,400,000 per year
for each age class from newborn through five. (This
cost is primarily potential income foregone by
parents.) In elementary and secondary school the
costs increased to $2,564,538,462 per year per age
class (for ages 6 through 18). For those who aspired to
higher education (33.5 percent of the eligible
population in 1960), a 4-year course of study cost the
nation $3,189,250,000 per grade per year. Thus the

48 Editor Notu: Adaptive Problem Solving i¢cin Bkz. http://bit.ly/NNBKK4

49 Editér Notu: Kisilerin akilciliklarinin, bilgileri, kavrayis diizeyleri gibi faktorlerle sinirli oldugunu kabul eden yaklagimdir. Bunun alternatifi
olarak matematik modellemeye dayal akilcilik yaklasimi dnerilmistir http://en.wikipedia.org/wiki/Bounded_rationality.
50 (March & Simon, 1958, s. 203; Rosen, 1991, s. 82; Simon, 1997,s.119)

51 (Tul’chinskii, 1967, s. 51-52)
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3.189.250.000 Dolara mal olmaktaydi. Dolayisiyla,
1950’lerin sonlarinda, en genel ve yararl 6grenimin
oldugu okul dncesi ile 6grenmenin en uzmanlasmis
oldugu tniversite arasinda 6grenimin parasal maliyeti
kisi basina % 1075 artmaktaydi. 1900 ile 1960 yillar
arasinda 6zellesmis uzmanlar liretmeyi amaglayan bu
yatirimin liretkenligi azaldi (Sekil 1)52. 1924°te S. G.
Strumilin’in Sovyetler Birligi'nde buldugu gibi,
O0grenime yatirim yiiksek diizeylerde oldugunda
marjinal getiri azalmasina neden oldu.

14 +

12 \\ (Ph.D./B.A.)/$ per Student x .001
‘\\ (Ph.D./M.A.)/$ per Student x .01
10 T \\ PR——
\\\ (M.AJ/B.A.)/$ per Student x .01

8 + \

61

) \\\\\\

\\:\\ni\
0 n L L 1 s L L J
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SEKIL 1. Ozellesmis uzmanlar iiretmeyi amaclayan égrenim
yatiriminin tiretkenligi, A.B.D., 1900-1960 (veriler: Machlup,
1962,s.79,91).

Insanoglunun sorun ¢ézmedeki nihai uygulamasi olan
cagdas bilim de paralel egilimler gosterir. Bilimsel bir
disiplinde ilk gelistirilen bilgi genellestirilme
egilimindedir ve liretmesi de ucuzdur. Bundan sonra
is gittikce uzmanlasir. Uzmanlasmis arastirma daha
masraflidir ve ¢6ziimlenmesi de zordur, boylelikle
yatirimin artirilmasi marjinal getirinin azalmasina yol
agar.

Walter Rostow, tek tek arastirma alanlarinda marjinal
iiretkenligin dnce arttigini sonra da diistiigiinii 6ne
sturmiisturs3. Biiytk fizik¢i Max Planck bile suna dikkat
ceker: “... [bilimde] her ilerlemeyle is daha da
zorlasir”>*. Nicholas Rescher bunu “Planck’in Artan
Caba llkesi” olarak adlandirir. Kolay sorular
¢oziildiikee, bilim kaginilmaz olarak daha karmasik
konulara ve daha maliyetli érgiitlenmelere yonelir>s.

monetary cost of education between pre-school, when
the most general and broadly useful education takes
place, and college, when the learning is most
specialized, increased in the late 1950s by 1075
percent per capita. Yet from 1900 to 1960 the
productivity of this investment for producing
specialized expertise declined throughout (Fig. 1)
(Machlup, 1962, pp. 79, 91, 104-105). As S. G.
Strumilin found in the Soviet Union in 1924, higher
levels of educational investment yield declining
marginal returns.

FIGURE 1. Productivity of educational investment for producing
specialized expertise, U.S., 1900-1960 (data from Machlup, 1962,
pp. 79, 91).

Contemporary science, humanity’s ultimate exercise
in problem solving, shows parallel trends. The
knowledge developed early in a scientific discipline
tends to be generalized and inexpensive to produce.
Thereafter the work becomes increasingly specialized.
Specialized research tends to be more costly and
difficult to resolve, so that increasing investments
yield declining marginal returns.

Walter Rostow once argued that marginal
productivity first rises and then falls in individual
fields of research (1980, pp. 170-171). Even the great
physicist Max Planck noted that “. .. with every
advance [in science] the difficulty of the task is
increased” (Rescher, 1980, p. 80). Nicholas Rescher
has called this “Planck’s Principle of Increasing Effort.”
As easier questions are resolved, science moves
inevitably to more complex research topics and to

52 (Machlup, 1962, s. 79,91, 104-105)
53 (Walter Rostow, 1980, s. 170-171)
54 (Rescher, 1980, s. 80)

55 (Rescher, 1980, s. 93-94)
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Rescher sunu 6ne siirer: “Bilim, ézellesmis alanlardan
herhangi birinde ilerledikge, verili bir igsel 6nem
diizeyinde bilimsel bulgu tiretiminde toplam kaynak-
maliyette 6nemli bir artis olur ...”>6, Sabit bit ilerleme
hizin1 korumak igin, bilimin boyutlar1 ve masrafi tistel
olarak artmalhdirs?.

Derek de Solla Price 1963 yilinda, bilimin niifustan ya
da ekonomiden daha hizli buiyiidiiglint ve yasamis
olan tim bilim insanlarinin % 80-90’1nin o tarihte hala
hayatta olduklarini gézlemlemistir (Price, 1963).

T
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SEKIL 2. Arastirma girdilerine gore patent bagvurulari,
A.B.D., 1942-1958 (veriler: Machlup, 1962, s. 173).

Bilim insanlar1 arastirmalarinda yatirimin
yarar/maliyet oranini nadiren diisiiniirler. Ancak,
bilime yaptigimiz yatirimin liretkenligini verilen
patentler gibi bir 6l¢iitle degerlendirirsek (Sekil 2),
bilimin tarihsel tiretkenligi azalma gosterir. Patent
verme tartismali bir iretkenlik 6l¢iitiidiirss, fakat
yatirimin getirisinin kolayca saptanabilecegi bir
uygulamali bilim alaninda kanitlar vardir: Tip.

Sekil 3'te gosterilen 52 yillik siire boyunca, Birlesik
Devletler saglik sisteminin ortalama émrt iyilestirme
konusundaki liretkenligi hemen hemen ytizde 60
diismiustiir.

Birlesik Devletler saglik sisteminin azalan tiretkenligi
sorun ¢6zme sistemlerinin tarihsel gelisimini agik¢a
gostermektedir. Rescher suna dikkat ¢ekiyor:
Arastirmaci teknolojide verili bir geliskinlik diizeyinde
tiim bulgular gergeklestirildiginde, daha pahali bir
diizeye gecilmesi gerekir... Dogal bilimlerde teknolojik

more costly organizations (Rescher, 1980, pp. 93-94).

Rescher suggests that “As science progresses within
any of its specialized branches, there is a marked
increase in the over-all resource-cost to realizing
scientific findings of a given level [of] intrinsic
significance ...” (1978, p. 80). The size and costliness
of science must grow exponentially just to maintain a
constant rate of progress (Rescher, 1980, p. 92).

Derek de Solla Price observed in 1963 that science
was growing faster than either the population or the
economy, and of all the scientists who had ever lived,
80-90 percent were still alive at that time (Price,
1963).

FIGURE 2. Patent applications in respect to research inputs, U.S.,
1942- 1958 (data from Machlup, 1962, p. 173).

Scientists rarely think about the benefit/cost ratio to
investment in their research. If we evaluate the
productivity of our investment in science by some
measure such as the issuance of patents (Fig. 2),
however, the historical productivity of science
appears to be declining. Patenting is a controversial
measure of productivity (e.g., Machlup, 1962, pp. 174-
175; Schmookler 1966; Griliches, 1984), but there is
good evidence in a field of applied science where the
return to investment can be readily determined:
medicine.

Over the 52-year period shown in Fig. 3, the
productivity of the United States health care system
for improving life expectancy declined by nearly 60
percent.

The declining productivity of the U.S. health care
system illustrates clearly the historical development
of problem-solving systems. Rescher points out: Once
all of the findings at a given state-of-the-art level of
investigative technology have been realized, one must
move to a more expensive level. ... In natural science

56 (Rescher, 1978, s. 80)
57 (Rescher, 1980, s. 92)

58 (6rnegin Machlup, 1962, s. 174-175; Schmookler 1966; Griliches, 1984)
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bir silahlanma yarisi i¢indeyiz: “dogaya karsi
kazanilan her zafer” ile 6ntimiizde uzanan biiytik
buluslari gerceklestirebilme zorlugu artiyor>°.

Tibbin tiretkenligi diisiiyor ¢linki pahali olmayan
hastaliklar ve bunlarin tedavileri ilk dnce fethedildi.
Ornegin, penisiline gétiiren temel arastirma en fazla
20.000 Dolar tutmustu. Geri kalan hastaliklarin
tedavisiyse hem daha zor hem de daha maliyetli®®.

Productivity ., | N
Index 12 AN
" \
10 + \
\
9+ SN

:I t + > \\

1930 1960

Year

1940 1950 1970

SEKIL 3. ABD saglik sisteminin iiretkenligi, 1930-1982
(veriler: Worthington [1975, s. 5] ve ABD Niifus Sayim
Biirosu [1983, s. 73, 102]). Uretkenlik endeksi = (Ortalama
omiir) /(GSMH yiizdesi olarak ulusal saglik harcamalari).

Maliyeti gittikce artan hastaliklar teker teker
fethedildikce, ortalama 6miirdeki artislar gittikce
kiigtiliiyor. Tibbi yatirimin marjinal getirisi gittikce
azaliyor.

Ister kaynaklar ister bilgiyi icersin, sorun ¢ézme,
karmasiklik artis1 ve pozitif getiri ve sonra da daha
yliksek maliyet ve getiri azalmasi yolunda ilerler®?.

Ugiincii Ur Hanedanhginin hiikiimranlarinin
umutsuzlukla gordiikleri gibi, boylesi bir yol izleyen
bir sorun ¢6zme sistemi sonsuza dek siirdiiriillemez.

Nihayetinde, mali zayiflik ve yonetim karsilig1 boylesi
sistemlerin sonlandirilmasina ya da ¢okmesine neden
olur. Yine de ¢ogu kez bir soruna yonelik bir ¢6ziim
karari verildiginde, bu, kisa donemli, akilc1 bir 6nlem
olarak gortliir. Bu ¢6ziimiin daha karmasik ve daha
maliyetli olmasi sadece az bir artis oldugu ve
karsilanabilecegi diisliniilebilir. Spencer’in de tahmin
ettigi gibi, as1l hasari veren tipik olarak

we are involved in a technological arms race: with
every “victory over nature” the difficulty of achieving
the breakthroughs which lie ahead is increased.
(1980, pp. 94, 97)

The productivity of medicine is declining because the
inexpensive diseases and ailments were conquered
first. The basic research that led to penicillin, for
example, cost no more than $20,000. The remaining
maladies are more difficult and costly to cure
(Rescher, 1978, pp. 85-86; 1980, p. 52).

FIGURE 3. Productivity of the U.S. health care system, 1930-
1982 (data from Worthington [1975, p. 5] and U.S. Bureau of
the Census [1983, pp. 73, 102]). Productivity index = (Life
expectancy)/(National health expenditures as percent of
GNP).

As each increasingly expensive disease is conquered,
the increment toaverage life expectancy becomes ever
smaller. The marginal return to medical investment
progressively declines.

Problem-solving, whether involving resources or
information, commonly evolves along a path of
increasing complexity and positive returns, then
higher costs and diminishing returns (Tainter, 1988,
1995, 1996b).

A system of problem-solving that follows such a
trajectory cannot be sustained indefinitely, as the
rulers of the Third Dynasty of Ur found to their
collective dismay.

Ultimately fiscal weakness and popular disaffection
cause such systems to be terminated or to collapse.
Yet commonly when the solution to a problem is
decided upon, it is seen as a rational shortterm
measure. The higher complexity and higher cost of
implementing the solution may appear only to be
incremental and affordable. As Spencer would have
predicted, cumulative and long-term effects, which

59 (1980, s. 94, 97)
60 (Rescher, 1978, s. 85-86; 1980, s.52)
61 (Tainter, 1988, 1995, 1996b)
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ongoriilemeyen, birikimli ve uzun dénemli etkilerdir.

UYUMSAL (adaptive) SORUN COZME: UZUN DONEM
ETKILERI

Karmasikligin uzun dénemde amaglanmamis
sonuclari olabilir, bunun nedeni birikimli olmasindan
kaynaklanir. Her karmasiklik artisi eskisinin tizerine
biner ve boylelikle karmasiklik iistel olarak artar.
Ayrica, her karmasiklik artisi ilk benimsendiginde bir
soruna verilen akilci bir yanit olarak goriiniir.
Getirdigi ek maliyet makuldiir ve karsilanabilir.

Sorunun kisa déonemli oldugu gergegi ise ¢cogu kez
unutulur ve boylelikle karmasiklik artar. Bu,
desteklenemeyen karmasikligin gelismesini
anlamanin can alici noktasidir: Karmasiklik her biri
gerekli olan, bir sorunun makul bir ¢6ziimii olan
kiigiik adimlarla ilerler. Ancak, asagidaki ilk vaka
incelemesi bize karmasik sorun ¢éziimiiniin uzun
donemde birikimli olarak artip desteklenemez bir
maliyet diizeyine geldigini gosterecek. Bu siireg,
toplumsal ve ekonomik degisimi uyaran gii¢lii bir
surectir. Halklar1 zenginlestirebilir, fakirlestirebilir,
hatta bir cogunu 6ldiirebiliré2.

Hiikiimetler, gii¢ sorunlari

kendine ¢eken sorun ¢6zme sistemleri
olup, biiytikliik ve karmasikliklarinin hep artmasinin
bir nedeni budur.

Kurumlarin amaglari oldugundan s6z etmek pek
dogru degil
; fakat tiim uzun omiirli

kurumlar siirekliliklerini saglayacak mekanizmalar
olustururlar. Bu mekanizmalar arasinda, iiyelerini
ortak bir degerler kiimesi etrafinda sosyallestirmek ve
bireylerin refahini kurumun siirekliligi ile uyumlu
hatta buna bagimlh kilmak sayilabilir. Béylelikle
kurumun tiyeleri siireklilik amacini benimser ve
bunun i¢in ¢alisirlar. Uzun bir siire yasamis ya da
yasamay1 hedefleyen bir kurumun

kendini goniillii olarak islevsizlestirmesi
nadirdir.

Sorun ¢oziicii kurumlara en iyi 6rneklerden biri olan
Roma Iimparatorlugunun tarihcesinden 6grenilecek
¢cok sey var.

Bati Roma Imparatorlugu

Roma Imparatorlugu’nun, hem tarihin en biiyiik
basarilarindan biri, ayni zamanda da en biiyiik
basarisizliklarindan biri olmasi bir paradoksturé.

typically are unforeseen, do the damage.

ADAPTIVE PROBLEM SOLVING: LONG-TERM
CONSEQUENCES

Complexity has unintended consequences over the
long term in part because it is cumulative. Each
increment of complexity builds on what has gone
before, so that complexity seems to grow
exponentially. Moreover, each increment to
complexity appears at its adoption to be a rational
response to a problem. The additional cost seems
reasonable and affordable.

The fact that the problem was a short-term one is
often forgotten, and so complexity comes to grow.
This is the key to understanding the development of
unsupportable complexity: it grows by small steps,
each necessary, each a reasonable solution to a
problem. Yet the first case study shows how
cumulatively, over long periods of time, complex
problem solving grows to a point of such costliness
that it becomes unsupportable. This process is a
powerful stimulus to social and economic change. It
may enrich people, impoverish them, or even kill
many of them (Tainter, 1988, 1999).

Governments are problem-solving systems that
inherently attract challenges, which is one reason why
they seem always to grow in size and complexity.

It is not strictly correct to talk of institutions having
goals (Aldrich, 1979, p. 4)—such a metaphor suffers
from reification—but all longterm institutions
incorporate mechanisms to ensure their continuity.
These mechanisms include socializing members to a
common set of values, and making the welfare of
individuals congruent with or even dependent upon
the continuity of the institution. In this way the
members of institutions set, and work toward, the
goal of continuity. It is rare for an institution that has
survived for a long time, or is intended to, voluntarily
to disband.

There is much to learn from the history of problem-
solving institutions, of which the Roman Empire is one
of the best examples.

The Western Roman Empire

The Roman Empire is paradoxically one of history’s
great successes and one of its great failures (Tainter,
1994). The fact that it could be both is understandable

62 (Tainter, 1988, 1999)
63 (Aldrich, 1979, p. 4)
64 (Tainter, 1994)
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Hem bir basar1 hem de basarisizlik 6rnegi olmasi
gercegi, baslica sorun ¢6ziicii kurumlarinin
Jimparatorluk i¢i ve disindaki milyonlarca
insani etkileyen ekonomik degisimleri nasil
yasadiklarina bakarak daha iyi anlasilabilir.

Romalilarin baslangi¢taki basarilart mali agidan kendi
kendini siirdiirebilen bir genisleme yoluyla geldi.
Yenilgiye ugramis halklar daha da genisleme i¢in
ekonomik temeli ve insan gliciiniin bir kismini sagladu.
Bu, pozitif ekonomik getirisi olan bir stratejiydi.
Ornegin, MO 167 yi1linda Romalilar kendilerini
vergilendirmeyi ortadan kaldirip, yine de
imparatorlugu genisletmeyi siirdiirebildiler.

Imparatorluklar sonunda siirdiiriilebilir bir biiyiikliige
erisir hatta bunu asarlar. Endiistri 6ncesi ¢agda bu,
baskente olan uzaklik, imparatorluk sinirlariyla
haberlesmeyi yavaslatacak ve belirsizlestirecek kadar
fazla oldugunda ya da asilamaz cografik engellere
erisildiginde ya da fethi ekonomik olmayan ya da
miimkiin olmayan halklara rastlandiginda olurdu®s.

Roma i¢in en etkili imparatorluk, deniz yoluyla
kolayca ulasilabilecek Akdeniz kusagiydi. Ancak,
Romalilar Akdeniz'’i aldiklarinda, ellerinde tuttuklari
topraklar hep kara icindeki yeni diismanlarin tehdidi
altina giriyordu. Bu tehditleri azaltmak i¢in Romalilar
Asya’nin i¢lerine, Tuna’ya ve otesine, kuzeybati
Avrupa’ya kadar genislediler. imparatorluk bu
bolgelerde hem toprak hem de ekonomi agilarindan
sinirlarini buldu, hatta asti, ¢linkii kara yoluyla
giderek fethedilen yerlerdeki idare, her zaman deniz
yoluyla gidilenden daha az etkiliydi. Daha ileri fetihler
icin yapilan girisimler -iskogya’da, orta Avrupa’da ve
Mezopotamya’da- genislemeyi siirdiirmenin fazlasiyla
maliyetli olacagimi gosterdi. [kinci yiizyiln
baslarindan 270’lerin baslarina kadar, Tuna'nin
otesinde Dacia olarak bilinen tek bir istihkam tutuldu.
Romalilarin algiladiklar: tehditler dogruydu, daha
sonraki ylizyillarda bu alanlardan tekrar tekrar saldir1
ve istilalar yapilacakti.

Bir seferinde Cigero, Roma’nin tiim fetihleri icinde bir
tek Asya’'nin ek gelir getirdiginden sikayet etmistir. Bu
abartida incelemeye deger bir nokta var, ¢iinkii
imparatorlugun ekonomisi bastan ¢ikarici, ama ayni
zamanda bir yanilsama. Herhangi bir fetih
kampanyasinin getirisi baslangicta, fethedilen
halklarin biriken gelir fazlalarina el konuldugunda en
yiiksektir. Ondan sonra ise, fetheden bu vilayetin
idaresinin ve savunmasinin masrafini iistlenir. Roma
orneginde, bu sorumluluklar ytizyillarca siirmiistiir ve
yU be y1l tarim fazlasindan 6denmesi gerekmistir.

in the context of how its main problem-solving
institutions— the government and army—
experienced changing economies that ultimately
affected millions of people both within the empire and
without.

The Romans’ early success came from a means of
expansion that was fiscally self-perpetuating. Defeated
peoples gave the economic basis, and some of the
manpower, for further expansion. It was a strategy
with positive economic returns. In 167 B.C,, for
example, the Romans were able to eliminate taxation
of themselves and still expand the empire.

Empires eventually reach or even exceed a sustainable
size. In the preindustrial era this occurred when the
distance from the capital would grow so great that
communication with the frontiers became slow and
uncertain; or when insurmountable geographical
barriers were reached; or when peoples were found
whose conquest was uneconomical or impossible
(Tainter, 1988, pp. 148-149).

For Rome, the most efficient empire would have
consisted of the Mediterranean fringe, which could be
administered easily by sea. Once the Romans had the
Mediterranean, though, the lands they held were
always threatened by new enemies further inland. To
alleviate these threats the Romans expanded into the
interior of Asia, to the Danube and beyond, and into
northwestern Europe. In these places the empire
found, or even exceeded, its limits of both territory
and economy, for administration by land travel was
always less efficient than by sea. Attempts at further
conquest—in Scotland, central Europe, and
Mesopotamia—showed that continued expansion
would be too costly. Only a salient known as Dacia was
held across the Danube, from the early second century
until the early 270s. The Romans were correct in the
threats that they perceived, for it was from precisely
these areas that raids and invasions were repeatedly
launched in later centuries.

Cicero once complained that of all Rome’s conquests,
only Asia yielded a surplus. There is a point worth
examining in this exaggeration, for the economics of
empire are seductive but illusory. The returns to any
campaign of conquest are highest initially, when the
accumulated surpluses of the conquered peoples are
appropriated. Thereafter the conqueror assumes the
cost of administering and defending the province. In
the case of Rome these responsibilities lasted for
centuries, and had to be paid for from year-to-year
agricultural surpluses. The Roman Empire was

65 (Tainter, 1988, s. 148-149)
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Roma Iimparatorlugu giines enerjisi kullaniyordu;
glines enerjisi ekonomiye kisi basina pek az liretim
fazlasi saglar¢é. Fetih asamasi sonra erdiginde,
imparatorlugum masrafi artar ve faydalar azalir. ilk
imparator Augustus (MO 27 - MS 14) bile mali
sikintilardan yakinir ve devlet agiklarini kendi
cebinden karsilamistiré?.

Tarimsal vergilerden gelir saglayan hiikiimet, olagan
idare giderlerini kit1 kitina yetirmekteydi. Olagandisi
masraflar ortaya ¢iktiginda

, eldeki kiymetli metaller cogu kez yeterli
olmuyordu. Nero®8 (54-68), Part savasinin
masraflariyla karsi karsiya kalinca ve Biiyiik Yangin
sonrasinda Roma’y1 yeniden kurarken, MS 64 yilinda
kendinden sonra gelen imparatorlarin karsi konulmaz
buldugu bir politika baslatti. Ana giimiis sikke dinarin
ayarini bozdu, alasimin i¢indeki giimiisii ytizde 98’den
ylzde 93’e dusiirdil. Bu, iki yiizy1l sonra hi¢bir degeri
olmayan bir para ve miiflis bir devlet sonucunu
verecek bir inisin ilk basamagi oldu (Sekil 4).
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SEKIL 4. Dinarin MS 269’da degerinin diisiiriilmesi.s9.

Onyillar siiren nisbi bir kararlilik déneminden sonra,
Imparatorlugun konumu Marcus Aurelius (161-180)
hiikiimranhgi sirasinda hizla bozuldu. Partlarin
dogudan ve Almanlarin da kuzeyden baslattiklari
saldirlarla niifusun % ila % arasindaki bir béliimiinu
oldiiren bir veba salgini cakist1?%. imparatorluk bu zor
zamanlari atlatti ama bundan sonra paranin degeri
daha sik diigiiriildii. 194-195 yillarinda imparator

powered by solar energy, which provides an economy
with little surplus production per capita (Jones, 1964,
pp- 841-844; 1974, pp. 37-39, 83, 138; Tainter, 1988,
p. 149; 1994). Once the phase of conquest is over, the
cost of empire rises and benefits decline. Even the first
emperor, Augustus (27 B.C.-14 A.D.), complained of
fiscal shortages, and made up state deficits from his
own purse (Gibbon, 1776-88, p. 140; Hammond,
1946, p. 75; Frank, 1940, pp. 7-9, 15).

The government financed by agricultural taxes barely
sufficed for ordinary administration. When
extraordinary expenses arose, typically during wars,
the precious metals on hand frequently were
insufficient. Facing the costs of war with Parthia and
rebuilding Rome after the Great Fire, Nero (54-68)
began in 64 A.D. a policy that later emperors found
irresistible. He debased the primary silver coin, the
denarius, reducing the alloy from 98 to 93 percent
silver. It was the first step down a slope that resulted
two centuries later in a currency that was worthless
and a government that was insolvent (Fig. 4).

FIGURE 4. Debasement of the denarius to 269 A.D. (data from Cope
[1969, 1974, and unpublished analyses on file in the British
Museum]; King [1982]; LeGentilhomme [1962]; Tyler [1975]; and
Walker [1976, 1977, 1978]; see also Besly & Bland [1983, pp. 26-
27] and Tainter [1994, p. 217]).

After decades of relative stability the empire’s
position deteriorated sharply during the reign of
Marcus Aurelius (161-180). Invasions of Parthians
from the east and Germans from the north coincided
with an outbreak of plague that killed from one-fourth
to one-third of the population (Boak, 1955, p. 19;
Mazzarino, 1966, p. 152; McNeill, 1976, p. 116;
Russell, 1958, pp. 36-37). The empire survived these

66 (Jones, 1964, s. 841-844; 1974, s. 37-39, 83, 138; Tainter, 1988, s. 149; 1994)
67 (Gibbon, 1776-88, s. 140; Hammond, 1946, s. 75; Frank, 1940, s. 7-9, 15)

68 Editor Notu: Tiirkge’de kullanildig: sekliyle Neron

69 (veriler: Cope [1969, 1974, ve Britanya Miizesi'ndeki dosyanin yayinlanmamis analizleri]; King [1982]; LeGentilhomme [1962]; Tyler
[1975]; ve Walker [1976, 1977, 1978]; ayrica bakiniz Besly & Bland [1983, s. 26-27] ve Tainter [1994, s. 217])
70 (Boak, 1955, s. 19; Mazzarino, 1966, s. 152; McNeill, 1976, s. 116; Russell, 1958, s. 36-37)
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Septimius Severus (193-211) Biiyiik Ayarlama olarak
adlandirilan olayla glimiis yiizdesinin % 56’ya kadar
diistirdii??.

235 ila 284 yillar arasindaki yarim yuizyil, esi
gorilmemis bir kriz dénemi oldu; bu dénemde
Imparatorluk neredeyse sona eriyordu. Diger
kralliklarla yapilan savaslar, i¢ savaslar, hi¢ kesintisiz
birbirini takip etti. Bu donemde 26 yasal imparator
basa geldi, zorla basa gegmek isteyen 50 kadar kisi
oldu ya da yilda bir isyan ¢ikti. Almanlar ve Persler
tekrar tekrar akin yapiyorlardi. Kentler talan edildi,
cephedeki vilayetler harabeye dondii. 260’larda
Imparatorluk italya’yl, Balkanlar’i ve Kuzey Afrika’yi
icine alacak sekilde kii¢lildii (sonradan bunun gecici
oldugu anlasildi). Olaganiistii bir ¢caba ve fedakarlikla
Imparatorluk bu krizi atlatt, ama bedeli biiyiiktii. MS
IV yy’a girerken, ¢ok farkli bir érgiit olarak ayaga
kalkti.

Hiikiimette ve politik sistemde biiyiik degisimler
gerekiyordu. Diocletian (284-305) ve Constantine
(306-337) imparatorlugu donistiiren, kapsamli ve
radikal politik ve ekonomik degisikliklerle sorunlara
yanit verdiler. Tasarladiklar: hiikiimet daha buyiik,
daha karmasikti ve daha yiiksek diizeyde
orgutlenmisti. Orduyu iki katina ¢ikardilar, IV yy
basina 650.000 kisi olmustu. Bunun masrafini
karsilamak i¢in hiikiimet yurttaslarina daha agir
vergiler getirdi, onlar1 zorla askere ald1 ve yapacaklari
isler konusunda emirler verdi. imparatorluk, kendinin
hayatta kalmasi i¢in tiim kaynaklari siralayan ve
biriktiren, zorba ve her konuya elini atmis bir devlet
haline geldi.

Birgok tlke ici islem, siki bir dlizenleme altina alindi.
Imparator Diocletian, Roma’nin ilk biit¢esini yapti ve
her y1l geliri saglamak i¢in bir vergi orani hesaplandu.
Bu vergi imparatorlugun halklarinin ve topraklarinin
bir ana listesinden ve tek tek hanelere ve tarlalara
kadar giden listelerden olusuyordu. 324 ile 364 yillar1
arasinda vergiler iki katina ¢ikt1. Koyler iiyelerinin
vergilerinden sorumluydu ve hatta bir koy digerinden
sorumlu tutulabiliyordu. Hiikiimet erkekleri zorla
askere aliyor ve loncalardan hizmet talep ediyordu.
Meslekler miras olarak aktarilmaya basladi ve zorunlu
oldu. Kent senatoérliigli gibi bir zamanlar ¢ok istenen
konumlar bir ytik halini aldi ¢linkii 6nde gelen
yurttaslar vergi agiklarindan sorumlu tutuluyordu.

Cesitli parasal reformlara karsin, kararl bir kur
bulunamadi (Sekil 5).

challenges, but hereafter the currency was debased
more frequently. In 194-195 the emperor Septimius
Severus (193-211), in what is called the Great
Debasement, lowered the silver to about 56 percent
(Walker, 1978).

The half-century from 235 to 284 was a time of
unparalleled crisis, during which the empire nearly
came to an end. There were foreign and civil wars,
which followed one upon another almost without
interruption. Over this period there were 26
legitimate emperors, and as many as 50 usurpers or
about 1 insurrection per year. Germans and Persians
invaded repeatedly. Cities were sacked and frontier
provinces devastated. The empire shrank in the 260s
(temporarily, as it turned out) to Italy, the Balkans,
and North Africa. By prodigious effort and sacrifice the
empire survived the crisis, but at great cost. It
emerged at the turn of the fourth century A.D. as a
very different organization.

Great changes were needed in the government and the
political system. Diocletian (284-305) and
Constantine (306-337) responded with sweeping
political and economic changes that transformed the
empire. The government they designed was larger,
more complex, and more highly organized. They
doubled the size of the army, so that it may have stood
as high as 650,000 by the end of the fourth century. To
pay for this the government taxed its citizens more
heavily, conscripted their labor, and dictated their
occupations. It became a coercive, omnipresent state
that tabulated and amassed all resources for its own
survival.

Many internal transactions came to be closely
regulated. Diocletian established Rome’s first budget,
and each year a tax rate was calculated to provide the
revenue. The tax was established from a master list of
the empire’s people and lands, tabulated down to
individual households and fields. Taxes apparently
doubled between 324 and 364. Villages were
responsible for the taxes on their members, and one
village could even be held liable for another. The
government conscripted men for the army and
requisitioned services from guilds. Occupations were
made hereditary and obligatory. Positions that had
once been eagerly sought, such as in city senates,
became burdensome as leading citizens were held
responsible for tax deficiencies.

Despite several monetary reforms a stable currency

71 (Walker, 1978)




Tiirkge Ingilizce
could not be found (Fig. 5).
12
T

10 1

8 4
n
o

4 +

oL e ‘ , e

296 308 316 326 336 346

Years A.D.

SEKIL 5. Follis sikkelerinin agirhgindaki azalmalar, 296-348
AD.72

Yiginlarla degersiz sikke turetildikge, fiyatlat
yiikseldikge yiikseldi. ikinci yiizyilda, bir modius
bugday (yaklasik dokuz litre) normal hasatta yaklasik
¥ dinara satildi. Diocletian’in fiyat Fermaninda (301)
bu fiyat 100 dinar olarak belirlenmisti. Misir'da 335
yilinda bir modius bugday 6000 dinardan yiiksek ve
338 yilinda 10.000 dinardan yiiksek bir fiyata satildi73.
Doguda para degis tokusu yapanlar imparatorluk
parasini degistirmiyorlardi ve hiikiimet de vergi icin
kendi sikkelerini kabul etmiyordu. Askerlerin
maaslarinin ¢ogu degersiz sikkeler yerine malzeme
olarak 6deniyordu7+.

Daha karmasik hiikiimeti ve daha biiyiik orduyu
desteklemek i¢in olusturulan vergi sisteminin
éngoriilemeyen sonuglari oldu. fkinci ve iigiincii
yuzyillardaki veba salginlarindan sonra kosullar
niifusun toparlanmasi i¢in asla uygun olmadi. Koyliiler
biiytik ailelere bakamaz olmustu.

Hiikiimet fermanlarina karsin, marjinal topraklarda
ekim yapilmadi. Bazi vilayetlerde, ekilebilir arazinin
licte biriyle yaris1 arasinda arazi ge¢ imparatorluk
zamaninda terk edildi.

Tarimda, endiistride, orduda ve sivil hizmetlerde
emek ac1g81 vardi. Koyluler vergiler yiiziinden
arazilerini terk ettiler ve ek emekten memnun olacak,
zengin bir arazi sahibinin korumasi altina sigindilar.
Feodal iliskiler ortaya ¢ikt1 arazi sahipleri koyliilerin
sayesinde aylaklar1 ve hatta koéleleri ordu hizmeti i¢in

sundular?s. MS 400 yilina gelindiginde, Galya ve

FIGURE 5. Reductions in the weight of the follis, 296-348 A.D. (data
from Van Meter, 1991, p. 47).

As masses of worthless coins were produced, prices
rose higher and higher. In the second century a
modius of wheat (about nine liters) had sold during
normal harvests for about 1/2 denarius. In
Diocletian’s Edict on Prices (301) the price was set at
100 denarii. In 335 a modius of wheat sold in Egypt
for over 6000 denarii, and in 338 for over 10,000
(Jones, 1964, pp. 27, 119). Money-changers in the east
would not convert imperial currency, and the
government refused to accept its own coins for taxes.
Much of a soldier’s pay was provided in supplies
rather than in the worthless coins (Meyer, 1987; Van
Meter, 1991, p. 47; Jones, 1964, p. 27; 1974, p. 201;
Duncan-Jones, 1990, p. 115; Williams, 1985, p. 79;
Mattingly, 1960, pp. 222-223; Hodgett, 1972, p. 38).

The tax system supporting the more complex
government and larger army had unforeseen
consequences. After the plagues of the second and
third centuries conditions were never favorable for
population to recover. Peasants could not support
large families.

Despite government edicts, marginal lands went out of
cultivation. In some provinces, up to one-third to one-
half of arable lands came to be deserted by the late
empire.

There were shortages of labor in agriculture, industry,
the military, and the civil service. Faced with taxes,
peasants would abandon their lands and flee to the
protection of a wealthy landowner, who was glad to
have the extra labor. Feudal relations emerged, and in
lieu of peasants the landowners offered vagabonds or
even slaves for military service (McNeill, 1976, p. 116;

72 (veriler: Van Meter, 1991, s. 47)
73 (Jones, 1964, s.27,119)

74 (Meyer, 1987; Van Meter, 1991, s. 47; Jones, 1964, s. 27; 1974, s. 201; Duncan-Jones, 1990, s. 115; Williams, 1985, s. 79; Mattingly, 1960, s.

222-223; Hodgett, 1972, s. 38)

75 (McNeill, 1976, s. 116; Russell, 1958, s. 140; Boak, 1955; Jones, 1964, 1974; MacMullen, 1976, s. 182-183; Wickham, 1984)
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Italya’nin ¢ogu hiikiimetin vergi taleplerine bas
kaldirma giicii olan bir diizineden az senator ailesinin
miilkiyetindeydi7é.

Dordiinci yiizyilin sonlarindan itibaren Barbarlar
sinirlardan uzak tutulamadi. Bat1 Avrupa’da ve Kuzey
Afrika’da Roma topraklarina girerek biiytik yikima
neden oldular. Hiikiimetin, bunlar1 isgal ettikleri
bolgelerin yasal hiikiimdarlar1 olarak kabul etmekten
baska caresi yoktu.

Alman krallar bu bélgelerin gelirlerini ellerinde
tuttular ve imparatorluktan arta kalanlari savunsalar
da, bunu pek de giivenilir bir sekilde yapmadilar.

Besinci yiizy1l boyunca bat1 imparatorlugu ¢okiise
dogru giden bir negatif doniit etkisi altindaydi.
Kaybedilen ya da yikilmis vilayetler hiikiimet gelirinin
daha diisiik ve askeri gliclin daha az olmasi, askeri
gliclin daha az olmasi ise daha fazla alanin
kaybedilecegi ya da yagmalanacagi anlamina
geliyordu. 448 yilina gelindiginde, Roma ispanya’nin
¢ogunu kaybetmisti?”.

461 yilindan sonra italya ile Galya’nin arasindaki
baglar ¢ok azalmisti. imparatorluk italya’y: ve
bitisigindeki topraklari icine alacak sekilde
kiicilmustii. Artik batidaki en 6nemli hiikiimdar Roma
Imparatoru degil, Kuzey Afrika’daki Vandal Krali
Gaiseric olmustu?s.

[1I Valentinian'in 6limini (455) izleyen 20 yil
boyunca Roma ordusu yavas yavas azalarak yok
olmaya yiiz tuttu. Hiikiimet hemen hemen tiimiiyle
Alman kabilelerin birliklerine giivenmekteydi.
Sonunda, bunlara da para édeyemez oldu. Alacaklari
icin Italya topraklarinin iigte birini talep ettiler. Bu
reddedilince de isyan ettiler, kendilerine kral olarak
Odoacer’1 sectiler ve 476 yilinda italya’daki son
imparator Romulus Augustulus’u tahttan indirdiler.
Roma Senatosu, Dogu Imparatoru Zeno’ya artik
Italya’da bir imparatora ihtiya¢ olmadigini séyledi’®.

Ge¢ Roma Imparatorlugunun stratejisi, ii¢iincii
ylizyillda, bu neredeyse dliimciil gli¢liige, ana sorun
¢6zme sistemi’'nin -yani hiikiimet ve ordu-
biytkligini, karmasikligini, giiciinii ve maliyetini
artirarak yanit vermek oldu. Sinirlanmis akilciligin8®

Russell, 1958, p. 140; Boak, 1955; Jones, 1964, 1974;
MacMullen, 1976, pp. 182-183; Wickham, 1984). By
400 A.D. most of Gaul and Italy were owned by less
than a dozen senatorial families (Williams, 1985, p.
214), who had the power to defy the government’s tax
demands.

From the late fourth century the barbarians could no
longer be kept out. They forced their way into Roman
lands in western Europe and North Africa, initially
causing great destruction. The government had no
choice but to acknowledge them as legitimate rulers of
the territories they occupied.

The Germanic kings kept the revenues of these
territories and, although they defended what was left
of the empire, they did not do so reliably.

Throughout the fifth century the western empire was
in a negative feedback loop tending toward collapse.
Lost or devastated provinces meant lower
government income and less military strength. Lower
military strength in turn meant that more areas would
be lost or ravaged. By 448 Rome had lost most of
Spain (Barker, 1924, pp. 413-414).

After 461 Italy and Gaul had little connection. The
empire shrank to Italy and adjacent lands. The most
important ruler in the West was no longer the Roman
Emperor but the Vandal King, Gaiseric, in North Africa
(Ferrill, 1986, p. 154; Wickham, 1981, p. 20).

In the 20 years following the death of Valentinian III
(455), the Roman army proper dwindled to nothing.
The government came to rely almost exclusively on
troops from Germanic tribes. Finally these could not
be paid.

They demanded one-third of the land in Italy in lieu of
pay. This being refused, they revolted, elected Odoacer
as their king, and deposed the last emperor in Italy,
Romulus Augustulus, in 476. The Roman Senate
informed the Eastern Emperor, Zeno, that an emperor
in Italy was no longer needed (Jones, 1964, p. 244).

The strategy of the later Roman Empire was to
respond to a near-fatal challenge in the third century
by increasing the size, complexity, power, and
costliness of the primary problem-solving system—
the government and its army. Limited by bounded

76 (Williams, 1985, s. 214)

77 (Barker, 1924, s. 413-414)

78 (Ferrill, 1986, s. 154; Wickham, 1981, s. 20)
79 (Jones, 1964, p. 244)
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kisitladig1 Roma devlet adamlari bu stratejinin
sonuglarini géremediler. Daha yiiksek maliyetler
imparatorlugu genisletmek ya da yeni refah elde
etmek icin degil, statlikoyu korumak icin tistlenilmisti.
Imparatorluk hitkiimeti mesrulugunu ve destegini
kaybettikge, yarar/maliyet orani da diistii®l. Sonunda
Bat1 Roma imparatorlugu kendi varolus sorununu
kaldiramaz hale gelmisti.

Erken Bizans Canlanmasi

Besinci yiizy1lda Bat1 Avrupa’daki ¢okiis Bati Roma
devletinin sonu anlamina geliyordu, fakat Dogu Roma
Imparatorlugu (genelde Bizans imparatorlugu olarak
bilinir) kendi imparatorlarinin hiikiimranligi altinda
biiyiik 6lciide degiserek varhigini siirdiirdii ve ancak
1453 yilinda Tiirkler Konstantinopolis’i alinca sona
erdi. Tarihinin biiylik bir kisminda toprak kaybetti;
oyle ki, sona gelindiginde devlet sadece kentin
kendisinden olusuyordu. Yine de onuncu ytizyil
boyunca ve on birinci yiizy1l basinda Bizans taarruz
eden tarafti ve kontrolii altindaki bolgeyi ikiye
katlamisti. Bunu miimkiin kilan adimlardan
karmasiklik ve sorun ¢6zme konusunda ¢ikarilacak
dersler var.

Dogu imparatorlarinin en acil ihtiyacglar askeri
glivenligin bagimli oldugu ekonomik temeli
gelistirmek ve ordunun etkililigini iyilestirmekti. Bu
islerin her ikisi de Anastasius (491-518) tarafindan
baslatildi. Giinliik hayatin bagh oldugu bakir para
biriminde saglam bir madeni para olusturdu ve
boylelikle ticareti canlandirdi. Anastasius, mali
reformlarinin bir parg¢asi olarak, orduya tayin,
tiniforma ve silah vermek yerine bunlari satin almalar
icin nakit para verdi. Verilen licretler comertti ve
orduya cok sayida yerel goniilli ¢ekti. Barbar paral
askerler ve komutanlarinin kullanimina da devam
edildi ama ¢ok daha 6nemsiz oldular82. Birkag onyil
icinde bu ekonomik ve askeri reformlar dyle sonuglar
vermisti ki, Justinian (527-565) hem follis’in (bakir
madeni paralarin en degerlisi) biiytkligiini artird:
hem de Persleri yendikten sonra bati vilayetlerini geri
kazanma ¢abasina girdi.

532 yilinda Kuzey Afrika’ya gonderilen bir ordu
Vandal Kralligini bir sene iginde fethetti. Hemen
ardindan Bizans generali Belisarius talya’y1
fethetmeye gonderildi. Roma ve Ravenna’y1 aldi,
Ostrogot Krali'n1 yakaladi ve Po’nun giineyine kadar
tiim Italya’y: fethetti, 540 yilinda yine Perslerle
savasmak i¢in geri ¢cagrildi.

rationality, Roman officials could not foresee the
consequences of this strategy. The higher costs were
undertaken not to expand the empire or to acquire
new wealth, but to sustain the status quo. The
benefit/cost ratio of imperial government declined as
it lost both legitimacy and support (Tainter, 1988,
1994). In the end the Western Roman Empire could no
longer afford the problem of its own existence.

The Early Byzantine Recovery

The debacle in Western Europe during the fifth
century meant the end of the Western Roman state,
but the Eastern Roman Empire (usually known as the
Byzantine Empire) persisted under its own emperors,
changing greatly and coming to an end only when the
Turks took Constantinople in 1453. For much of its
history it lost territory, so that by the end the state
consisted only of the city itself. Yet during the tenth
and early eleventh centuries Byzantium was on the
offensive, and doubled the territory under its control.
There is a lesson in complexity and problem solving in
the steps that made this possible.

The most urgent needs of the eastern emperors were
to develop the economic base on which military
security depended, and to improve the effectiveness of
the army. Both tasks were begun by Anastasius (491-
518). He established a sound coinage in the copper
denominations on which daily life depended, thereby
revitalizing commerce. As part of his financial reforms,
Anastasius gave the army cash to buy rations,
uniforms, and arms, rather than issuing these. The
allowances were evidently generous, so that the army
attracted large numbers of native volunteers.
Barbarian mercenaries and their generals continued
to be employed, but became much less important
(Treadgold, 1996). Within a few decades these
economic and military reforms had produced such
results that Justinian (527- 565) could both increase
the size of the follis (the most valuable of the copper
coins) and, after defeating Persia, attempt to recover
the western provinces.

An army sent to North Africa in 532 conquered the
Kingdom of the Vandals within a year. Almost
immediately, the Byzantine general, Belisarius, was
sent to reconquer Italy. He had taken Rome and
Ravenna, captured the Ostrogothic King, and
conquered all of Italy south of the Po when he was
recalled in 540 to fight the Persians again.

81 (Tainter, 1988, 1994)
82 (Treadgold, 1996)
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541 yilinda, italya’daki isler tamamlanmis
goruniirken, hiyarcikl veba tiim imparatorlugu kirdi
gecirdi. Daha 6nceden Akdeniz’de goriilmemisti ve
dort yil stirdii. Higbir direnci olmayan bir niifusa
dadanan tiim hastaliklar gibi, etkileri korkung oldu. On
dordiincii yiizyilda oldugu gibi, altinci ytlizyilin vebasi
da niifusun dortte biriyle ligte biri arasinda insan
oldirdi. Vergiverenlerdeki bu biiyiik kayip, hemen
mali sorunlara yol acti.

Anastasius ve Justin (518-527) tarafindan biriktirilen
29 milyon altin solidi’lik rezerv kisa siirede tiikendi.
Ordunun 6demeleri gecikti, birlikler isyan ettiler ya da
fethettiklerini (Roma sehrini bile) diismana geri
verdiler. Ostrogotlar kendilerini toparladilar ve
[talya’nin ¢ogunu geri aldilar. Bizans italya’sinin sahra
ordusunun iki kere yeniden olusturulmasi gerekti.
Moorlar Bizans Afrika’sinin ¢ogunu aldilar.

Niifus veba yiiziinden o kadar azalmisti ki, daha fazla
barbar parali askerin ise alinmasi gerekti ve bunlara
altin olarak 6deme yapmak gerekiyordu. imparator
paranin ayarini diisiirerek ve harcamalari keserek,
552 yilinda italya’ya bir ordu daha génderebildi, ve
hatta ispanyanin Vizigot kralina kars1 bir carpisma
kazand1. 554’de italya fethedildi ana son Ostrogotlar
561 yilina kadar direndiler. Fakat 558 yilinda veba
geri geldi ve yine askerlerin 6demeleri gecikti.
Justinian Ispanya’nin giineyinin sadece beste bir
kadarini alabilmisti.

Justinian 565 yilinda 61diigtinde biiytk ol¢iide
genisletilmis bir imparatorluk birakti ama niifus ve
hazinesi tiikendiginden yeni fetihleri elde tutmak
zordu. Dért yil icinde Ispanya’da Visigotlar ve
Afrika’da Moorlar saldirdilar. Lombardlar italya’y:
isgal ettiler ve 572 yilinda i¢ kisimlarinin ¢ogunu
almislardi. Perslerle savas yeniden basladi. Slavlar ve
Avarlar (Hunlarla akraba kabilelerin bir koalisyonu)
Tuna’y gectiler. Bizanslilar Persleri yine yendi, fakat
Slavlar Yunanistan’a kadar akin yaptilar. Bu savaslarin
bedelini 6demek i¢in altin solidus’un ayar1 giimiis
eklenerek diisiiriildii ve bakir follis’in agirligi da
diizenli olarak azaltild1 (Sekil 6)83.

Savaslar Perslere de zarar verdi ve 590 isyanci Pers
Kralini tahttan indirdi. Bizans imparatoru Maurice
Tiberius (582-602) kralin oglunu Pers tahtina oturttu
ama Balkanlardaki sorunlara egilmek zorundaydi.

Bizans birlikleri Avarlari ve Slavlari yendi ve 599
yilina gelindiginde Balkanlar pratikte temizlenmisti
ama imparatorlugun kaynaklari da yipranmist.

In 541, just when the job in Italy seemed about done,
bubonic plague swept over the empire. It had not been
seen before in the Mediterranean, and took four years
to run its course. Like any disease introduced to a
population with no resistance, the effects were
devastating. Just as in the fourteenth century, the
plague of the sixth century killed from one-fourth to
one-third of the population. The enormous loss of
taxpayers caused immediate financial problems.

A reserve of 29 million gold solidi amassed by
Anastasius and Justin (518- 527) was soon gone.
Army pay fell into arrears, and troops either mutinied
or handed conquests (even the city of Rome) back to
the enemy. The Ostrogoths recovered and retook most
of Italy. The field army of Byzantine Italy had to be
rebuilt twice. The Moors took much of Byzantine
Africa.

The population was so depleted by plague that more
barbarian mercenaries had to be recruited, and these
had to be paid in gold. By debasing the currency and
slashing expenditures, the Emperor was able to send
another army to Italy in 552, and even to back a
rebellion against the Visigothic king of Spain. Italy was
reconquered by 554, but the last Ostrogoths held out
until 561. In 558, though, the plague returned, and
again military pay fell short. Justinian managed to
conquer only about the southern fifth of Spain.

At his death in 565 Justinian left a greatly enlarged
empire, but the new conquests proved hard to hold
with population and treasury both depleted. Within
four years the Visigoths attacked in Spain and the
Moors in Africa. The Lombards invaded Italy and took
most of the interior by 572. War resumed with Persia.
Slavs and Avars (a coalition of tribes related to the
Huns) crossed the Danube. The Byzantines again
defeated the Persians, but the Slavs raided all the way
to Greece. To pay for these wars, the alloy of the gold
solidus had to be debased by adding silver, and the
weight of the copper follis was regularly reduced (Fig.
6) (Harl, 1996, pp. 195-197).

The wars also took a toll on the Persians, and in 590
rebels overthrew the Persian king. The Byzantine
Emperor Maurice Tiberius (582-602) put the king’s
son on the Persian throne, but had to attend to
problems in the Balkans.

Byzantine troops defeated the Avars and Slavs, and by
599 practically cleared them from the Balkans. But the
empire’s resources were stretched by these conflicts.

83 (Harl, 1996, s. 195-197)
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SEKIL 6. Bizans follis’nin agirhg, MS 498-7178+.

Perslere karsi ve Balkanlarda yapilan seferlerden
sonra italya’daki birliklere génderecek para
kalmamisti. 602 yilinda Maurice birliklerine kis1
Tuna’nin kuzeyinde gecirmelerini emretti. Birlikler
isyan etti, Bizans’a ytriidiler ve imparatoru
oldirdiiler. Pers Krali Khosrau II velinimetinin
intikamini almaya ant icti ve ilk vesilede Bizans
vilayetlerini almaya basladi. Boylece de yiizyildan
fazla siiren bir kriz baslad1 ve imparatorlugun
neredeyse sonunu getirdi.

Bu sorunlar imparatorlugu dylesine 6rgiitsiiz bir hale
getirmisti ki, Balkanlarda ve Asya’da genel bir askeri
¢okiis oldu. Slavlar ve Avarlar tekrar Balkanlara
girdiler. Persler Anadolu’ya yayildi. Kuzey Afrika ve
Misir isyan etti ve basarili oldular, Bizans tahtina
Heraclius’'u (610-641) getirdiler. Devraldigl
imparatorluk bir harabeye donmiistii ve mali agidan
titkenmisti. 615 yilinda Persler istanbul Bogazina
dayandilar (istanbul’'un -Konstantinopolis- karsina).
619 yilinda imparatorlugun en zengin vilayeti olan
Misir'in fethine basladilar. istanbul 618’den 626’ya
kadar kusatma altinda kaldi.

Mevcut kaynaklar bir toparlanma i¢in gereken mali
destegi saglayamiyordu. 615 yilinda hiikiimetin
harcamalarini karsilamak i¢in kilisenin hazineleri
eritildi ve bunlardan “Tanri Romalilari korusun” yazisi
kazil1 glimiis sikkeler basildi. 616 yilinda Heraclius
birliklerin ve devlet gorevlilerinin maaslarini yariya
indirdi. Silah ve zirh i¢in bronz gerekiyordu, Heraclius
bunun i¢in seleflerini izleyerek follis’in agirhigini daha
da indirdi (Sekil 6). Darphane ¢ok kereler altinci
ylizyilda basilmis daha biiyiik sikkeleri aldi, bunlari
pargalar halinde kesti ve her parcayi bir follis olarak
yeniden sekillendirdi. Bu, kesinlikle enflasyonist bir
stratejiydi.

Heraclius’'un ekonomik dnlemleri askeri stratejisinin

FIGURE 6. Weight of the Byzantine follis, 498-717 A.D. (data from
Harl, 1996, p. 197).

After the campaigns against Persia and in the Balkans,
there was no money to send troops to Italy. In 602
Maurice ordered his troops to winter north of the
Danube. They mutinied, marched on Constantinople,
and killed the emperor. The Persian King Khosrau II
vowed to avenge his benefactor and, grasping at the
pretext, began to snatch Byzantine provinces. Thus
began a crisis that lasted for over a century and nearly
brought the empire to an end.

The empire was so disorganized by these troubles that
there was a general military breakdown in the
Balkans and Asia. The Slavs and Avars overran the
Balkans again. The Persians spread through Asia
Minor. North Africa and Egypt successfully rebelled
and placed Heraclius (610-641) on the Byzantine
throne. The empire he took over lay in ruins and was
financially exhausted. The Persians reached the
Bosporus (opposite Constantinople) in 615.1In 619
they began the conquest of Egypt, the empire’s richest
province. Constantinople was besieged from 618 to
626.

Existing resources could not fund a recovery. In 615
church treasures were melted down to meet
government expenses, from which silver coins were
issued with the inscription “God save the Romans.”
Heraclius cut the pay of troops and officials by half in
616. Bronze was needed for arms and armor, so
Heraclius followed his predecessors by further
lowering the weight of the follis (Fig. 6). Many times
the mint simply took larger coins minted in the sixth
century, chiseled them into fragments, and restruck
each piece as a follis. The strategy was clearly
inflationary.

Heraclius’ economic measures bought time for his

84 (veriler: Harl,1996, s. 197)
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islemeye baslamasi i¢in siire satin almis oldu. 622
yilindan itibaren karsi saldirilara basladi ve gittikce
basarili oldu. 626 yilinda Konstantinopolis’'in
kusatmasi kirildi ve bir sonraki sene imparator Pers
topraklarinda ilerlemeye basladi. 627 yilinda
Heraclius Pers ordusunu bozguna ugratti ve 628
yilinda da Pers kralinin en sevdigi malikanesini isgal
etti. Perslerin barisi kabul etmekten baska ¢areleri
kalmadi. Bizanslhlar kaybettikleri bolgeleri geri aldilar.
Savas 26 yil stirmistii ve bir 6nceki neslin
statiikosunun yeniden kurulmasindan baska bir ise
yaramadi.

Imparatorluk miicadele etmekten tiikenmisti ve
Heraclius’un biiyiik zaferi uzun siirmedi. islam’1 yeni
benimsemis olan Arap kuvvetleri 634 yilinda
imparatorluk topraklarina girdiler ve iki y1l sonra da
Bizans ordusunu kesin bir yenilgiye ugrattilar. Geri
kazanilmasi 18 y1l siirmiis olan Suriye ve Filistin
tekrar kaybedildi. 641 yilinda Misir alindi. En zengin
vilayetler sonsuza dek gitmisti ve kisa bir stire icinde
de imparatorluk Anadolu, Ermenistan, Kuzey Afrika,
Sicilya ve Italya’nin bazi bélgelerine indirgenmisti.
Perslerin durumu daha da koétiiydii, Araplar Pers
Imparatorlugunu tiimiiyle isgal etmislerdi.

Constans II hiikkiimranliginda (641-668) ve yedinci
ylzy1l boyunca stratejik durum bozulmaya devam etti.
Araplar ilk filolarin1 641 yilinda kurdular ve bununla
Kibris’in baskentini aldilar. 654 yilinda Rodos’u
yagmaladilar ve bir sonraki yil da Bizans donanmasini
yendiler. iki yiizy1l boyunca Araplar hemen hemen her
y1l Anadolu’ya akin diizenlediler. 674 ile 678 yillar1
arasinda Konstantinopolis’in kendisi de her yil
kusatma altina alind1. Yeni bir diisman, Bulgarlar,
kuzeyden imparatorluga girdiler. 697 yilinda Araplar
Kartaca'y1 aldilar. Bir Arap kuvveti 717’den 718’e bir
y1l siireyle Konstantinopolis’i kusattl. Kent 718
yazinda, Bizanslilar Anadolu’dan dogru gelen
destekleri tuzaga diisiirtince kurtuldu.

Bu, yiizyillar siiren uzun bir miicadelenin déniim
noktasi oldu. Araplar geri ¢ekilmek zorunda kaldilar
ve bir daha da asla boylesi bir tehdit olusturamadilar.

718 zaferinden onceki ylizyilda, dogu Akdeniz’de
politik ve ekonomik yasam tiimiiyle degismisti.
Romalilarin kurdugu koca imparatorluk neredeyse
yok olmustu. Paranin ayarinin disiirtilmesi ve
enflasyon, mali standartlari ve bunlara bagh mali ve
ekonomik kuruluslar1 mahvetmisti. Bakir paralarda
standart agirliklar kalmamisti ve para degis tokusu
baltalanmistu.

659 civarinda Constans askeri maaslari yeniden
yariya distirdi. 615 yilinda asker maaslari
660’lardakinin dortte birine diisiince, hiikiimet

military strategy to work. He counterattacked with
increasing success starting in 622. In 626 the siege of
Constantinople was broken, and the following year the
emperor began to advance into Persian territory. In
627 Heraclius destroyed the Persian army and in 628
occupied the Persian king’s favorite residence. The
Persians had no choice but to agree to peace. The
Byzantines got all their lost territory returned. The
war had lasted 26 years, and resulted in no more than
restoration of the status quo of a generation earlier.

The empire was exhausted by the struggle and
Heraclius’s great victory was not to last. Arab forces,
newly converted to Islam, broke into imperial
territory in 634 and two years later defeated the
Byzantine army decisively. Syria and Palestine, which
had taken 18 years to recover, were lost again. Egypt
was taken in 641. The wealthiest provinces were
permanently gone, and soon the empire was reduced
to Anatolia, Armenia, North Africa, Sicily, and parts of
[taly. The Persians fared even worse, for the Arabs
conquered their empire completely.

Under Constans II (641-668) and throughout the
seventh century, the strategic situation continued to
deteriorate. The Arabs built their first fleet in 641, and
with it took the capital of Cyprus. They ravaged
Rhodes in 654, and defeated the Byzantine fleet the
next year. The Arabs raided Asia Minor nearly every
year for two centuries. Constantinople itself was
besieged each year from 674 to 678. The Bulgars, a
new enemy, broke into the empire from the north. The
Arabs took Carthage in 697. From 717 to 718 an Arab
force besieged Constantinople continuously for over a
year. The city was saved in the summer of 718, when
the Byzantines ambushed reinforcements sent
through Asia Minor.

It was a turning point in a centuries-long struggle. The
Arabs had to withdraw and were never again able to
mount such a threat.

In the century before the victory of 718 the political
and economic life of the eastern Mediterranean had
been utterly transformed. The huge empire that the
Romans had assembled was almost gone.
Debasements and inflation had ruined monetary
standards and the fiscal and economic institutions
which depended on them. There were no longer
standard weights to copper coins and monetary
exchange was undermined.

Around 659 Constans cut military pay in half again.
With army pay by the 660s cut to one-fourth its level
of 615, the government no longer pumped coins into
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ekonomiye madeni para pompalamayi birakti. 700
yilina gelindiginde, halen ya da eskiden imparatorluk
icinde olan insanlarin ¢ogu giinliik islemlerde artik
madeni para kullanmiyorlardi. Akdeniz topraklarinin
¢ogunda, ekonomi artik para temelinde degildi.
Ekonomi orta ¢agdaki sekline dontistii, kendi kendine
yeterli malikaneler etrafinda orgiitlendiss.

Bizans’tan arta kalanlar1 kurtarmak i¢in gereken
doniisimiin biiyiikligiini hayal etmek zor. Dogu
Akdeniz halklarinin bin yildan uzun bir siiredir
yasamaya alistiklar1 bir yasam biciminden
vazgecilmesi gerekiyordu. Bir 6nceki boliimde
tartisildig gibi, ugiinci ylizyil sonlarindaki ve
dordiincii yiizyil basindaki imparatorlar benzer bir
krize karmasiklasmayla yanit vermislerdi.

Idarenin karmasikligini, devletin niifusa miidahalesini
ve ordunun biiytkligiini artirmislardir. Bu ¢ok agir
bir vergilendirme diizeyleriyle yapildi ve topraklarin
terk edilmesine ve koéylii niifusunun yenilenemeyisine
yol act1. Constans II ve tiim halefleri kii¢iilmiis olan
imparatorlugun azalmis niifusuna ayni somiirtyi
uygulayamadilar. Bunun yerine, karmasik toplumlarin
tarihinde gergekten ender goriinen bir strateji
benimsediler: Basitlestirme.

659 ile 663 yillar arasindaki Arap i¢ savasi
Suriye’deki halifenin bir ateskes satin almasina neden
oldu. Bu soluklanma II Constans’in temel doniistimler
yapmasina olanak sagladi. Hiikiimet gelirlerinin o
kadar ¢ogunu kaybetmisti ki, birliklerine 6nceki
O0denegin dortte biri oraninda bile 6deme
yapamiyordu. Constans’in ¢6ziimii ordunun kendi
kendini ayakta tutmasi i¢in bir yol tasarlamakti. Hazir
nakit parasi yoktu ama imparatorluk ailesinin genis
topraklari vardi - imparatorluk topraklarinin yaklasik
beste biri. Ayrica, Pers saldirilar1 nedeniyle terk
edilmis genis araziler de vardi. Bu topraklar birlikler
arasinda paylastirildi. Anadolu’da ve imparatorlugun
diger bolgelerinde, birliklerin kisimlari -bunlara
theme ad1 veriliyordu- yeni askeri bolgelere
yerlestirildi. Askeri hizmetin kalitsal olmas1 kosuluyla
askerlere (daha sonra denizcilere) araziler verildi. Bu
yolla Constans askeri 6denekleri yariya indirdi, artik
birliklerin gift¢ilik yoluyla kendi yagamlarini
kazanmalarini bekliyordu (az miktarda bir para
destegi veriliyordu). Bunun sonucunda Bizans mali
idaresi biiyiik dlciide basitlesmis oldu.

Tiim temel ekonomik degisiklerde olmasi gerektigi

gibi, bu doniisiim Bizans toplumu i¢inde yayildi. Hem
merkezi hem de vilayet hiikiimetleri basitlesmisti ve
hiikiimetin islem maliyetleri diismiistii. Vilayetlerde,

the economy. By 700 most people within or formerly
within the empire no longer used coins in everyday
transactions. In most Mediterranean landsthe
economy ceased to have a monetary basis. The
economy developedinto its medieval form, organized
around self-sufficient manors (Harl, 1996).

One can scarcely imagine the magnitude of the
transformation required to save what was left of
Byzantium. A way of life to which the peoples of the
eastern Mediterranean had been accustomed for over
a millennium had to be given up. As discussed in the
previous section, the emperors of the late third and
early fourth centuries had responded to a similar
crisis by complexification.

They increased the complexity of administration, the
regimentation of the population, and the size of the
army. This was paid for by levels of taxation so
harmful that lands were abandoned and peasants
could not replenish the population. Constans II and his
successors could hardly impose more of the same
exploitation on the depleted population of the
shrunken empire. Instead they adopted a strategy that
is truly rare in the history of complex societies:
simplification.

Arab civil war from 659 to 663 caused the caliph in
Syria to purchase a truce. The respite allowed
Constans II to undertake fundamental
transformations. The government had lost so much
revenue that even at one-fourth the previous rate it
could not pay its troops. Constans’ solution was to
devise a way for the army to support itself. He lacked
ready cash but the imperial family had vast estates—
perhaps one-fifth of the land in the empire. There was
also much land abandoned from the Persian attacks.
Such lands were divided among the troops. In Asia
Minor and other parts of the empire, divisions of
troops—called themes—were settled in new military
zones. Soldiers (and later sailors) were given grants of
land on condition of hereditary military service. It was
apparently at this time that Constans halved military
pay, for he now expected the troops to provide their
own livelihood through farming (with a small
monetary supplement). Correspondingly the
Byzantine fiscal administration was greatly simplified.

The transformation ramified throughout Byzantine
society, as any fundamental economic change must.
Both central and provincial government were

simplified, and the transaction costs of government
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sivil idare tiim Anadolu’da tahkimli tepelere ¢ekilmis
askeri Kentler halini aldi. Aristokratik hayat
imparatorluk maiyetinde yogunlasti. Temel okuma ve
hesap yapmanin 6tesinde pek az 6grenim vardi ve
edebiyat da azizlerin hayatindan 6te bir seyleri pek
icermiyordu®é. Bu déonem bazen Bizans'in Karanlhk
Cagi olarak adlandirilir.

Bu basitlestirmenin sonuglar1 hemen gortuldi. Theme
sistemi Bizans’t yeniledi. Tiim imparatorlukta bir
koylii-asker sinifi olustu. Bu yeni giftci-askerlerin
herhangi bir arazi sahibine kars1 yiikiimliliikleri
yoktu, sadece devlete karsi ylikiimliiliikleri vardi.
Imparatorlugun zenginliklerinin tiiketicisi olmak
yerine ireticiler oldular. Askeri ytikiimliiliiklerin ve
bununla birlikte gelen topraklarin en biiyiik erkek
cocuga gectigi yeni bir tiir ordu olusturdular. Bu yeni
ciftci sinifinda imparatorlugu stirdiiren kuvvet dogdu.
Bizanslilar askeri savunmanin maliyetini diisiirerek,
en 6nemli yatirimlarindan daha iyi bir getiri elde
etmeyi basardilar.

678 ve 718 zaferlerinde goriildigu gibi, Bizans
kuvvetleri Araplara karsi daha kuvvetli bir diren¢
gostermeye basladi. Imparatorlugun arazi kaybinin
hizi ¢ok azaldi. Araplar Anadolu’ya akin yapmay1
slirdlirdiler ama hig¢bir yerde uzun zaman
tutunamadilar. Askerler her zaman hazirdi. Kendi
topraklari ve aileleri i¢in doviistiikleri icin, daha
istekliydiler ve daha iyi savasiyorlardi. Theme’lerin
olusturulmasindan sonra Araplar Anadolu’da sadece
imparatorlugun 695 ile 717 yillar1 arasindaki i¢
sorunlari sirasinda ilerleyebildiler. 745 yilina
gelindiginde, V Constantine Halifelige saldirdi. Bu, bir
nesil igindeki ilk basarili Arap bélgesi saldirisiydi.

Bir sonraki yiizy1l boyunca, Bulgarlara ve Slavlara
kars1 yapilan seferlerle imparatorluk yavas yavas
Balkanlara dogru genislemeye basladi. Yunanistan
geri alindi. 840 yili sonrasinda 6dentiler artirildy, altin
o kadar fazlaydi ki, 867 yilinda Il Michael ordunun
odentisini taht odasindaki siislerden 20.000
pound’unu eriterek karsiladi. Denizciler eklendiginde,
Imparatorluk filosu Arap korsanlara kars1 daha etkili
oldu. Onuncu yiizyilda Bizanslhilar Suriye kiyilarinin
bir kismini fethettiler. 840 yilindan sonra
imparatorlugun biiyiikliigl toplam olarak neredeyse
iki katina ¢ikt1. Bu siireg, II. Basil'in (963-1025)
Bulgarlari fethederek imparatorlugun sinirlarini
tekrar Tuna’ya dayamasiyla doruk noktasina ulastu. ki
yuzylil icinde Bizanshlar par¢alanmaya yakin bir
noktadan Avrupa ve Yakin Dogu’da birinci gii¢ olma

were reduced. In the provinces, the civil
administration was merged into the military. Cities
across Anatolia contracted to fortified hilltops.
Aristocratic life focused on the imperial court. There
was little education beyond basic literacy and
numeracy, and literature itself consisted of little more
than lives of saints (Haldon, 1990; Treadgold, 1988,
1995, 1997). The period is sometimes called the
Byzantine Dark Age.

The results of the simplification were evident almost
immediately. The system of themes rejuvenated
Byzantium. A class of peasant-soldiers was formed
across the empire. The new farmer-soldiers had
obligations to no landowners, only to the state. They
became producers rather than consumers of the
empire’s wealth. They formed a new type of army in
which military obligation, and the lands that went
with it, were passed to the eldest son. From this new
class of farmers came the force that sustained the
empire. By lowering the cost of military defense the
Byzantines secured a better return on their most
important investment.

Byzantines forces began to put up stiffer resistance to
the Arabs, as evident in the victories of 678 and 718.
The empire began to lose land at a much slower rate.
The Arabs continued to raid Anatolia but were unable
to hold any of it for long. Soldiers were always near at
hand. Fighting as they were for their own lands and
families, they had much greater incentive and
performed better. After the establishment of the
themes the Arabs made progress in Anatolia only
when the empire had internal troubles from 695 to
717. By 745 Constantine V was able to invade the
Caliphate, the first successful invasion of Arab
territory in a generation.

During the next century, campaigns against the
Bulgars and Slavs gradually extended the empire in
the Balkans. Greece was recaptured. Pay was
increased after 840, yet gold became so plentiful that
in 867 Michael IIl met an army payroll by melting
down 20,000 pounds of ornaments from the throne
room. When marines were added to the imperial fleet
it became more effective against Arab pirates. In the
tenth century the Byzantines reconquered parts of
coastal Syria. Overall after 840 the size of the empire
was nearly doubled. The process culminated when
Basil II (963-1025) conquered the Bulgars and
extended the empire’s boundaries again to the
Danube. In two centuries the Byzantines had gone
from near disintegration to being the premier power
in Europe and the Near East, an accomplishment won
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noktasina geldi; bu, sorun ¢6zme’de karmasikligin ve
maliyetin azaltilmasiyla kazanilmis bir basariydi.

Cagdas Avrupa’nin Gelisimi

Silahlanma yarislari karmasiklik sonucu getiri
azalmasinin klasik bir érnegidir. Tiim yarismaci
uluslar rakiplerinin te¢hizat, personel, lojistik ya da
istihbarat konusundaki ilerlemelerini hizla
yakalayacaktir, dolayisiyla bu alanda yapilan
yatirimlar tipik olarak hi¢bir uzun stireli avantaj ya da
giivenlik saglamaz. Silahlanma yarisinda,
yarismacilarin her biri rakiplerine karsi avantaj
saglamaya calisir, rakipler de karsilikta bulunup kendi
avantajlarini olusturmaya ¢alisirlar. Genelde higbir
devlet uzun siirecek 6nemli bir avantaj kazanamaz.
Cok kisa siireli iiriin i¢in fazla, daha da fazla para,
kaynak ve personel harcanir: askeri avantaj. Rekabetci
bir devlet olmanin bedeli gittik¢e yiikselir, diger
taraftan da yatirim getirisi merhametsizce azalir.

Bir devlet siirekli olarak rekabetci kalabilmek i¢in
gereken kaynaklari aramali ve bu kaynaklar etkili bir
sekilde dagitacak bir orgiit gelistirmelidir. Bu siirecin
son binyil icinde Avrupa’daki gelisimi sadece Avrupa
toplumlarini degil, nihayetinde tiim diinyay:
degistirmistir. Bu siirecin on besinci ylizyildan
baslayarak on dokuzuncu yiizyil baslarina kadar olan
gelisimini 6zetleyecegim.

1815 oncesinde Avrupa her zaman bir yerlerde savas
halindeydi. On ikinci ile on altinc1 yiizyillar arasinda
Fransa bazi yiizyillarda yillarin % 47’sinde bazi
yiizyillarda ise % 77’sinde savas halindeydi. ingiltere
icin bu aralik % 48 ila 82, Ispanya icin % 47 ila 92
oldu. En baris dolu yiizyillarda bile bu tilkeler
ortalama olarak iki yilda bir savastilar. On altin
ylzyilin timl boyunca Avrupa’nin tamamen baris
icinde oldugu siire sadece on yil oldu. On yedinci
ylizyllda sadece 4 yillik bir mutlak baris oldu; on
sekizinci ylizyilda ise sadece 16 y1l87.

On besinci yiizyilda, kusatma toplari tas kalelerin
avantajini sona erdirdi ve savunma stratejilerive
teknolojilerinde degisikler yapilmasini gerektirdi. On
besinci yiizyillin baslarindan baslayarak, insaatgilar
savunma toplarini destekleyebilecek tahkimatlar
tasarladilar. Kisa bir siire sonra bombardimana
dayanacak duvarlar yapildi. 1560 yilinda, acily, algak
ve kalin duvarli burglar1 ve yogun siperleri olan bir
istihkam sisteminin, yildiz hisarlarin (trace italienne)
tiim 6g8eleri gelistirilmisti. Etkiliydi ama pahaliydi.
1553 yilinda, Siena kentinin boylesi tahkimati o kadar
pahaliya ¢ikt1 ki, ordu ya da donanma i¢in para

by decreasing the complexity and costliness of
problem solving.

The Development of Modern Europe

Arms races are the classic example of diminishing
returns to complexity. Any competitive nation will
quickly match an opponent’s advances in armaments,
personnel, logistics, or intelligence, so that
investments in these areas typically yield no lasting
advantage or security. In an arms race, each
competitor strives for advantage over its rivals, while
the rivals strive to counter these and develop
advantages of their own. Usually no state can gain an
overwhelming advantage that lasts very long. More
and more money, resources, and personnel are spent
on that most fleeting of products: military advantage.
The costs of being a competitive state continuously
rise, while the return on investment inexorably
declines.

All the while a state must search continuously for the
resources to remain competitive, and develop an
organization to deploy those resources effectively. The
unfolding of this process in Europe of the last
millennium altered not only European societies, but
ultimately changed the entire world. [ will outline the
development of this process from the fifteenth
through the early nineteenth centuries.

Europe before 1815 was almost always at war
somewhere. From the twelfth through the sixteenth
centuries France was at war from a low of 47percent
of years in some centuries, to a high of 77 percent in
others. For England the range was 48 to 82 percent;
for Spain, 47 to 92 percent. Even in the most peaceful
centuries these nations were at war, on average,
nearly every other year. In the whole of the sixteenth
century there was barely a decade when Europe was
entirely at peace. The seventeenth century enjoyed
only 4 years of total peace; the eighteenth century, 16
years (Parker, 1988, p. 1; Rasler & Thompson, 1989, p.
40).

In the fifteenth century, siege guns ended the
advantage of stone castles, and required changes in
the strategies and technology of defense. From the
early fifteenth century, builders designed
fortifications that could support defensive cannon. A
short time later walls were built that could also
survive bombardment. By 1560 all the elements of the
trace italienne had been developed, a fortification
system of low, thick walls with angled bastions and
extensive outworks. It was effective but expensive. In
1553 the city of Siena found it so costly to build such
fortifications that no money was left for its army or

87 (Parker, 1988, s. 1; Rasler & Thompson, 1989, s. 40)
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kalmamisti. Siena tahkimatlar1 Floransa’ya karsi
yaptirmisti, ama ironiktir, Floransa’ya baglandi8s.

Parasi yetenler i¢in yildiz hisarlar degerli bir yatirimdi.

Bu yolla savunulan bir yeri isgal etmek aylar hatta
yillar alabilirdi. Taarruz taktikgileri daha karmasik
kusatma yontemleri ile karsilik verdiler ve onlarin
maliyetleri de yiikseldi. Belki de 50.000 kadar
kusatmacidan olusan bir kuvvetin haftalarca, aylarca
yerlerinde tutulmasi gerekiyordu. Boylesi bir kuvvetin
glinde 475 ton yiyecege ihtiyaci vardi, bunlara
mithimmat, barut ve insaat malzemesi de ekleniyordu.
Bundan sonra, yerel lordlarin etkili bir hisar insa
etmeye ve bunu savunmaya ya da boylesi bir hisara
saldirmaya paralar1 yetmedi. Savas kaynaklarini artik
kapitalist kentlerde degil, feodal kirsalda aramak
gerekiyordu®®. Anlasmazliklarin 6l¢egi yerel ya da
bolgesel olmaktan ¢ikip ulusal oldu.

Acik sahada savas da daha fazla karmagiklik getirdi.
On dordiinct ve on besinci yiizyillarda, kitle halindeki
okgular ve mizrak birlikleri, zirhl1 sévalyeleri ise
yaramaz kilmisti. Bunlar1 gegen de atesli silahlar oldu.
Atesli silahlarin kullanimi 6rgiitlenme ve talim
gerektiriyordu. Piyadelerin birbirlerine yakin siralar
halinde diizenlenmesi gerekiyordu. Ondekiler ates
ederken, arkadakiler silahlarini dolduracaklardi ve
yerlerin hizla degistirilmesiyle kesintisiz bir ates etme
uygulamasi ortaya ¢ikacakti?0. Tiim kitada askeri talim
ders kitaplari yayildi. Egitim ve savas alaninda
koordinasyon énem kazand: Siralar sinyal
verildiginde acilip kapanmaliydi, 6grenim gérmemis
askerler o zaman i¢in tarihin en ileri silahlarina asina
olmaliydilar. Zafer artik sadece basit giice degil, dogru
piyade, atl, silah, top ve yedek kuvvetlerin bilesimine
baghydi°t.

Savas toplumun gittik¢e daha genis kesimlerini
etkilemeye ve daha biiytik bir yiik olmaya basladu.
Birka¢ Avrupa devletinde 1500 ile 1700 yillari
arasinda ordunun biiytikligii on katina ¢ikti. XIV
Louis'nin 1691 yilinda 273.000 kisilik bir ordusu
vardi. Bes y1l sonra 395.000 kisi olmustu ve yetiskin
Fransiz erkelerinin neredeyse dortte biri askerdi.
1560 ile 1659 yillar arasinda Kastilya yetiskin erkek

fleet. Siena was annexed by Florence, against which,
ironically, its fortifications had been built (Creveld,
1989, pp. 101-103; Parker, 1988, pp. 7, 9, 12).

Trace italienne fortifications, if one could afford them,
were a worthy investment. It could take months or
years to capture a place defended in this way.
Offensive tacticians responded with more complicated
siege methods, and their costs rose as well. A force of
perhaps 50,000 besiegers had to be kept in place for
weeks or months. Such a force needed 475 tons of
food per day, to which was added ammunition,
powder, and building materials. From this time on,
local lords could not afford to build and defend an
effective fortress, nor to attack one. The resources for
war had now to be sought in capitalist towns rather
than in the feudal countryside (Creveld, 1989, 106-
108; Parker, 1988, p. 13). The scale of conflict
developed from local or regional to national.

Open-field warfare also developed greater complexity.
In the fourteenth and fifteenth centuries massed
archers and the pike phalanx made the armored
knight obsolete. These were in turn superseded by
firearms. To make effective use of firearms took
organization and drill. Infantry had to be drawn up in
closely coordinated ranks. Those in the rear would
reload while the lead musketeers fired, and quick
changes of position gave an uninterrupted application
of fire (Creveld, 1989, pp. 89-91; Kennedy, 1987, p.
21; Parker, 1988, pp. 16-20). Tactics were developed
to increase the efficiency and effectiveness of firing.
Textbooks of military drill were published across the
continent. Training and battlefield coordination
became more important: ranks had to open and close
on signal, while uneducated soldiers had to be familiar
with what were, at the time, history’s most advanced
weapons. Victory came to depend not on simple force,
but on the right combination of infantry, cavalry,
firearms, cannon, and reserves (Creveld, 1989, pp. 92-
94; Parker, 1988 pp. 18-23).

War came to involve ever-larger segments of society
and became progressively more burdensome. Several
European states saw the sizes of their armies increase
tenfold between 1500 and 1700. Louis XIV’s army
stood at 273,000 in 1691. Five years later it was at
395,000, and nearly one-fourth of all adult Frenchmen
were in the military. Between 1560 and 1659 Castile
lost about eleven percent of its adult male population

88 (Creveld, 1989, s. 101-103; Parker, 1988,s.7,9, 12)
89 (Creveld, 1989, 106-108; Parker, 1988, s. 13)

9 (Creveld, 1989, s. 89-91; Kennedy, 1987, s. 21; Parker, 1988, s. 16-20)

91 (Creveld, 1989, s. 92-94; Parker, 1988 s. 18-23)
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niifusunun yaklasik ytizde on birini devam eden
savaslarda kaybetti®2. 30.000 kisilik bir sahra
ordusunun giinltik gereksinimi 100.000 pound un ve
1500 koyun ya da 150 si8irdi. Sadece en buyiik
sehirlerin gereksinimi bundan daha fazla olabilirdi®3.

Bu gelismelere karsin ya da bu gelismeler yiiziinden
kara savaslari biiyiik 6lciide beraberlik iceren bir
duruma geldi. Kalic1 ¢ikislar birkag taneydi. Herhangi
bir gii¢ parayla yeni teknolojiler ve parali askerler
satin alabilirdi. Hi¢bir ulus kalic1 bir avantaj elde
edemedi. ispanya ya da Fransa gibi bir ulus baskin
olmak i¢in tehditlere basladiginda, karsisinda
ittifaklar olusuyordu®+. Biiyiik savaslar yavas ve
usandiriciydi ve sonucu, birikimli kiiciik zaferlerle
diismanin ekonomik temelinin yavas yavas asinmasi
belirliyordu. Yine de yenilgiye ugrayan uluslar hizla
toparlaniyorlar ve kisa bir siire sonra tekrar savasmak
icin hazir oluyorlardi. Kiiresel ¢apta komsuluk
operasyonlarinda savas zorunlu olarak ortaya
cikiyordu. Avrupa rekabeti denizler asir1 gii¢ ve etki
yarismalarina dogru genisledi®.

Avrupalilar ticaret ve somiirgelestirme ile elde
ettikleri zenginligi maliyeti gittik¢e artan
yarismalarini siirdiirmek i¢in kullandilar?é. Deniz
glicliniin gelistirilmesi ve somiirgeler olusturulmasi
berabere kalmis olan Avrupa savaslarinin stratejisinin
bir pargasi oldu. Bu yiizden de Avrupa savaslari
nihayetinde tiim diinyay1 etkiledi ve degistirdi. 1914
yilina gelindiginde Avrupa uluslari ve bunlarin filizleri
yerkiire ylizeyinin %84’linii tam kontrolleri altina
almiglardi?’.

Zamanin deniz gli¢leri ingiltere, Hollanda, isve(;,
Danimarka/Norveg, Fransa ve Ispanya’ydi. 1650 ile
1680 arasinda bes kuzey giicii donanmalarini 140.000
tondan 400.000 tona ¢ikardilar. 1630’larda Hollanda
ticaret filosu her y11 300 ila 400 arasinda yeni geminin
yapilmasina ihtiya¢ duyuyordu; bunlarin yarisi Baltik
ticaretinde kullanihyordu (ingiltere donanma
malzemeleri i¢cin gereken ham maddenin ¢ogunu
Baltik’tan ithal ediyordu). 1630’larla 1650 arasinda,
Hollanda ticaret filosu % 533 biiytidii?8. Ancak,
genisleyen donanmalar artan karmasiklik ve maliyetle
ilgili baska sorunlar da kapsiyordu. Ornegin, 1511
yilinda, iskog Krali IV. James Great Michael gemisinin
yapimini baslatti. Bu geminin yapimi bir yillik gelirin
neredeyse yarisi ve yillik denizci 6denekleri
biitcesinin yiizde onu kadar tuttu. U¢ y1l sonra

in the constant wars (Sundberg et al.,, 1994, p. 13).
Each day, a field army of 30,000 needed 100,000
pounds of flour, and 1500 sheep or 150 cattle. Only
the largest cities required more (Creveld, 1989, pp.
112-113; Parker, 1988, pp. 2, 45-46, 75).

Yet despite or because of these developments, land
warfare became largely stalemated. There were few
lasting breakthroughs. The new technologies, and
mercenaries, could be bought by any power with
money. No nation could gain a lasting advantage.
When a nation such as Spain or France threatened to
become dominant, alliances would form against it
(Kennedy, 1987, 21-22). Major wars were slow and
tedious, and were often decided by cumulative small
victories and the slow erosion of the enemy’s
economic base. Defeated nations quickly recovered,
though, and were soon ready to fight again. Warfare
evolved of necessity into global flanking operations.
European competition expanded into contests for
power and influence overseas (Parker, 1988, pp. 43,
80-82).

Europeans employed the wealth from trade and
colonization to sustain their ever-more-costly
competition (Kennedy, 1987, pp. 24, 27-28, 43, 46-47,
52; Tainter, 1992, pp. 110, 124). The development of
sea power and acquisition of colonies became part of
the strategy of stalemated European warfare. Because
of this, European war ultimately affected and changed
the entire world. By 1914 the nations of Europe, and
their offshoots, controlled fully 84% of the earth’s
surface (Parker, 1988, p. 5).

The naval powers of the time were England, the
Netherlands, Sweden, Denmark/Norway, France, and
Spain. From 1650 to 1680 the five northern powers
increased their navies from 140,000 to 400,000 tons.
In the 1630s the Dutch merchant fleet required the
building of 300 to 400 new ships each year, about half
of which were employed in Baltic trade (from which
England imported much of its raw material for naval
supplies). Between the 1630s and 1650 the Dutch
merchant fleet grew by 533 percent (Sundberg et al.,
1994, pp. 38, 42). Yet expanding navies entailed
further problems of increasing complexity and cost. In
1511, for example, James IV of Scotland commissioned
the building of the ship Great Michael. It took almost
onehalf of a year’s income to build, and ten percent of
his annual budget for seamen’s wages. It was sold to

92 (Sundberg ve ¢al. ark., 1994, s. 13)

93 (Creveld, 1989, s. 112-113; Parker, 1988, s. 2, 45-46, 75)
94 (Kennedy, 1987, 21-22)

9 (Parker, 1988, s. 43, 80-82)

9 (Kennedy, 1987, s. 24, 27-28, 43, 46-47, 52; Tainter, 1992, s. 110, 124)

97 (Parker, 1988, s. 5)
98 (Sundberg ve ¢al. ark., 1994, s. 38, 42)
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Fransa'ya satildi ve Brest limaninda ciiriiyerek
omriini tamamladi?9.

On sekizinci ve on dokuzuncu ytizyillarda ordularin
biiytkligi ve karmasiklig: arttikea, topografya ve
haritacilik gibi yeni uzmanlik alanlar1 gerekli oldu.
Hassas saatler ve istatiksel raporlama gerekliydi. Bazi
on sekizinci yiizy1l ordulari kendi matbaa makinelerini
tasiyorlardi. Orgiitlenme daha da karmasiklasti.
Calisanlar ve idareciler ayrildi. Ordular artik bir birim
olarak ilerlemiyordu, talimatlar dogrultusunda kendi
baslarina yol alan daha kiiciik 6gelere
ayrilabiliyorlardi. Muharebeler birkag ay
slirtiyordu00,

1499 yilinda, XII. Louis italya’ya basarili bir sefer
yapmak icin ne gerektigini sordu. Ug seyin gerektigini
sOylediler: para, para ve daha fazla paral0l. Askeri
islerin bliytikliigii ve karmasikligi biliyiidiikce
finansman ana kisit halline gelmisti. 1630 6ncesindeki
onyillarda bir askeri savas alanina yerlestirmenin
maliyeti ylizde 500 artmisti. Uluslar gelirlerinin
gittikce daha fazlasini savasa harciyorlardi fakat bu
hi¢bir zaman yeterli olmuyordu. Ornegin 1513 yilinda,
Ingiltere, biitcesinin yiizde 90'1n1 askeri islere ayirdi.
1657 yilinda bu rakam yiizde 92 olmustu.

On sekizinci yiizyilin ortasinda Biiyiik Frederick
gelirinin yiizde 90’1n1 savasa tahsis etti. 1643 yilinda,
Fransiz hiikiimetinin esas olarak savasa yonelik olan
harcamalan yillik gelirin iki kat1 oldu02, ingiltere’nin
1540’lardaki savaslari kraliyet gelirinin yaklasik on
katina mal oluyordu10s.

Isveg, savaslarini diisiik niifus, kullanilmamis orman
rezervleri ve iiriinlerine duyulan istekli pazarlar
birlesimi ile finanse ediyordu. Boylesi avantajlari
olmayan biiyiik devletler kredilere dayanmak
zorundaydu. Ispanya’nin borglari, Yeni Diinya
somiirgelerinden gelen zenginlikler dahil edildiginde
bile, 1556 yilinda 6 milyon diika iken, bir yiizy1l sonra
180 milyona ¢ikmisti. Savas borg¢larinin faizleri
1520’lerde yaklasik % 18 iken, 1550’lerde % 49’a
cikmigti. Hem Fransa hem de Ispanya sik sik iflas ilan
etmeye ya da faiz oraninda bir indirim yapilmasini
zorlamaya mecbur kaliyordu.

On altinci ve on sekizinci yiizyillar arasinda,
Hollandalilar ve onlari takiben Ingilizler kisa donemli
ve uzun donemli krediler alarak bu mali kisitlamalar:
astilar. Aldiklar1 borglarin faizlerini 6demeye dikkat

France three years later, and ended its days rotting in
Brest harbor (Parker, 1988, p. 90).

As the size and complexity of armies grew through the
eighteenth and nineteenth centuries new fields of
specialization were needed, such as surveying and
cartography. It was necessary to have accurate clocks
and statistical reporting. Some eighteenth-century
armies carried their own printing presses.
Organization became more complex. Staff and
administration were separated. Armies no longer
marched as a unit, but could be split into smaller
elements that traveled, under instructions, on their
own. Battles came to last up to several months
(Creveld, 1989, pp. 114, 117-122; Parker, 1988, p.
153).

In 1499 Louis XII asked what was needed to ensure a
successful campaign in Italy. He was told that three
things alone were required: money, money, and still
more money (Sundberg et al.,, 1994, p. 10). As military
affairs grew in size and complexity finance became the
main constraint. The cost of putting a soldier in the
field increased by 500 percent in the decades before
1630. Nations spent more and more of their income
on war, but it was never enough. In 1513, for example,
England obligated 90 percent of its budget to military
efforts. In 1657 the figure was 92 percent.

In the mid eighteenth century Frederick the Great
allocated 90 percent of his income to war. In 1643,
expenditures of the French government, mainly on
war, came to twice the annual income (Kennedy, 1987,
pp. 58, 60, 63). England’s wars in the 1540s cost about
ten times the crown’s income (Kennedy, 1987, p. 60).

Sweden financed its wars through a combination of
low population, untapped forest reserves, and eager
markets for its products. The major states, lacking
such advantages, had to rely on credit. Even with
riches from her New World colonies, Spain’s debts
rose from 6 million ducats in 1556 to 180 million a
century later. War loans grew from about 18 percent
interest in the 1520s to 49 percent in the 1550s. Both
France and Spain often had to declare bankruptcy, or
force a lowering of the rate of interest.

From the sixteenth through the eighteenth centuries
the Dutch, followed by the English, overcame these
fiscal constraints by gaining access to reliable short-
term and long-term credit. Being careful to pay the

99 (Parker, 1988, s. 90)

100 (Creveld, 1989, s. 114, 117-122; Parker, 1988, s. 153)
101 (Sundberg ve ¢al. ark l,, 1994, s. 10)

102 (Kennedy, 1987, s. 58, 60, 63)

103 (Kennedy, 1987, s. 60)
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ettikleri i¢in, onlara diger uluslardan daha iyi sartlarla
kredi verildi. Bu avantaji daha zengin olan fakat kredi
riskleri kotii olan rakipleri Fransa ve Ispanya’y1
yenmek i¢cin kullandilar104,

Savaslar kalic1 bir devlet olmanin maliyetini stirekli
artirdi ve savasin getirdigi borg diizeyleri ¢carpismalar
bittikten sonra uzun stire devam etti. Gii¢ her zaman el
degistirdi ve muzaffer uluslar asla uzun siire baskin
olamadilar1%s. Zamaninin bir¢ok insani1 Avrupa
savaslarinin beyhudeligini anladi ama silahlanma
yarislarini kirmak 6zellikle zordur. 1775 yilinda
Biiytlik Frederick bu durumu etkili bir sekilde tarif
ediyordu.

Hirsl kisiler her seyden once, tiim Avrupa’da silah
ve cephanelerle askeri disiplinin hemen hemen
ayni oldugunu, ittifaklarin, kural olarak savasan
taraflar arasinda bir kuvvetler esitligi
olusturdugunu, prenslerin su anda
bekleyebilecekleri en biiyiik avantajlarin,
cephedeki savas harcamalarinin faizinin kiictik ve
nlifusu, seferlerde kaybedilen yurttaslarin
sayisindan ¢ok daha kiiciik bir kent ya da bir
bélgede elde edilebilecek basarilart biriktirmek
olabilecegini g6z éntinde bulundurmalidirios,

Avrupa’daki savas kalic1 avantajlar olusturmadigi icin,
rekabetin kiiresel arenaya genisletilmesi mantiksal bir
sonuc oldu. Rekabet genisleyerek ticareti, deniz asir1
bolgelerin alinmasini, sémiirgeler olusturulmasini,
hasimlarin somiirgelerine saldirilmasini ve
altin/gilimis kiilce ve degerli mal sevkiyatlarinin
yolunun kesilmesini icerdi.

Yine de yabancilardan elde edilen zenginlikler bazi
seferlerin maliyetini karsilamiyordu. 1552 yilinda,
Hapsburg imparatoru V Charles, Metz’e yapilan bir
sefere 2,5 milyon diika harcadi; bu, Amerika’dan elde
ettigi gelirin 10 katiydi. 1580’lere gelindiginde II
Phillip Amerika madenlerinden yilda 2 milyon diika
aliyordu fakat bahtsiz 1588 donamasinin maliyeti
bunun bes katiydi107. 1556’y1 izleyen yiizyilda
Ispanya’nin borglari Yeni Diinya’dan transfer ettigi
¢ok miktardaki altin/giimiis kiilgeleriyle bile yiizde
3.000 artt1 ve iflas Ispanya’nin askeri
operasyonlarinin durmasina yol ag¢ti. Yeni Diinya’nin
zenginligine el koymasaydi, ispanya ¢ok daha énce
basarisiz olacakti.

Avrupa’nin rekabet giict, teknolojik yenilikler, bilimin

interest on loans, they were granted more favorable
terms than other nations. They used this advantage to
defeat opponents, France and Spain, that were
wealthier but poor credit risks (Parker, 1988, p. 63-
67; Rasler & Thompson, 1989, pp. 91, 94, 96, 103).

The wars raised permanently the cost of being a
competitive state, and war-induced debt levels
persisted long after the fighting ceased. Power always
shifts, and victorious nations were never able to
dominate for very long (Kennedy, 1987; Rasler &
Thompson, 1989, pp. 106, 175-176). Many people of
the time understood the futility of European wars, but
arms races are especially difficult to break. In 1775
Frederick the Great eloquently described the state of
affairs.

The ambitious should consider above all that
armaments and military discipline being much the
same throughout Europe, and alliances as a rule
producing an equality of force between belligerent
parties, all that princes can expect from the
greatest advantages at present is to acquire, by
accumulation of successes, either some small city
on the frontier, or some territory which will not pay
interest on the expenses of the war, and whose
population does not even approach the number of
citizens who perished in the campaigns. (Quoted in
Parker [1988, p. 149])

As land warfare in Europe produced no lasting
advantages, the expansion of competition to the global
arena was a logical consequence. Competition
expanded to include trade, capturing overseas
territories, establishing colonies, attacking
adversaries’ colonies, and intercepting shipments of
bullion and valuables.

Yet even the foreign wealth could not meet the cost of
some campaigns. In 1552 the Hapsburg Emperor
Charles V spent 2.5 million ducats on a campaign at
Metz, an amount equal to 10 times his American
income. By the 1580s Phillip Il was receiving 2 million
ducats a year from American mines, but the ill-fated
armada of 1588 cost five times that (Kennedy, 1987,
pp. 46-47). Even with this massive transfer of bullion
from the New World, Spain’s debt grew 3,000 percent
in the century following 1556, and bankruptcy caused
Spanish military operations to fail. Clearly they would
have failed much earlier (or not been undertaken) if
Spain had not been able to draw upon New World
wealth.

European competition stimulated great complexity in

104 (Parker, 1988, s. 63-67; Rasler & Thompson, 1989, s.91, 94, 96, 103)

105 (Kennedy, 1987; Rasler & Thompson, 1989, s. 106, 175-176)
106 (Parker’da alintilanmistir [1988, s. 149])
107 (Kennedy, 1987, s. 46-47)
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gelismesi, politik donilisiim ve kiiresel genisleme
seklinde biiyiik bir karmasiklik yoluyla uyariliyordu.
Avrupa, bu rekabet giiciinii siibvanse etmek icin,
yabanci topraklarin liretiminil%8 (ve daha sonra da
fosil yakitlarini) giivenlik altina almak gerektil0. Yeni
enerji formlar: ve yerel olmayan kaynaklar diinyanin
bu kii¢iik parcasina yonlendirildi. Kiiresel kaynaklarin
bu yogunlasmasi, tek basina Avrupa kaynaklariyla asla
surdirilemeyecek kadar yiiksek karmasiklik ve
maliyet diizeylerine siirtikledil10. Yiizyillar siiren
Avrupa savaslarinin yansimalary, iyisiyle kotiistiyle,
hala icinde yasadigimiz ve 6ngorilebilir gelecekte de
icinde yasayacagimiz bir miras.

SORUN COZME VE SURDURULEBILIRLIK:
FARKLI SONUGLAR

Bu 6rnekler uzun siireli, uyumsal, 6rgiitsel sorun
¢6zliimunun oldukea farkl sonuglarini géstermek
uizere secildi. Bir “¢ékiis 6rnegi” (Bat1 Roma
Imparatorlugu), bir “basitlestirme yoluyla
stirdiirtilebilirlik 6rnegi” (erken Bizans’'in canlanmasi)
ve bir de “gittikce artan karmasiklik ve enerji
stibvansiyonlari temelinde stirdtirtilebilir sorun ¢ozme
6rnegi” (Avrupa) verildi. Bu érneklerden tim
kurumlarin bugiin ya da gelecek i¢in kalic1 olmasi
hedeflenen sorun ¢6zme cabalarina yonelik alinacak

dersler var.
Bati Roma Imparatorlugu

Bat1 Roma Imparatorlugundan alinacak dersler sunlar:
(a) bir toplum ya da herhangi bir kurum, kendini
sirdiirmenin maliyeti tarafindan yok edilebilir ve (b)
sorun ¢oziimiinde karmasiklik uzun dénemde zararini
gizliden, ongoriilemez bir sekilde ve birikimli olarak
verir.

Diger imparatorluklar gibi, Roma Imparatorlugu da
fetihten yiiksek getiri elde etme beklentisiyle
kurulmustu. Ancak, MS ikinci ylizy1lda Roma’nin
diismanlar: daha gliclenmis ve imparatorlugun
genislemesi de durmustu. imparatorlugun kendi
icinde catismalar vardi ve siradan biitgeler devleti
savunmaya yeterli degildi. Ugiincii yiizyilda, Pers,
Alman savas gruplari ve ¢ekisen Romalilar
imparatorluga girip talan ettiklerinde bu sorunlar
siddetlendi. Bu krizlerin maliyetlerini

karsilamak icin ilk strateji, paranin
degerini diisiirmek oldu. Baska segenek yoktu;
gelecekteki gercek degeri ne olursa olsun, krizler
sinirlandirilmaliydi.

the form of technological innovation, development of
science, political transformation, and global
expansion. To subsidize European competition it
became necessary to secure the produce of foreign
lands (and later fossil fuels). New forms of energy, and
non-local resources, were channeled into this small
part of the world. This concentration of global
resources allowed European conflict to reach heights
of complexity and costliness that could never have
been sustained with European resources alone
(Tainter, 1992, pp. 123-125). For better or worse the
repercussions of centuries of European war are a
legacy in which we still participate, and will for the
foreseeable future.

PROBLEM SOLVING AND SUSTAINABILITY:
DIVERGENT OUTCOMES

These cases were chosen to illustrate quite different
outcomes to longterm, adaptive, organizational
problem solving. There is one case of collapse (the
Western Roman Empire), one of sustainability
through simplification (the early Byzantine recovery),
and one of sustainable problem solving based on
growing complexity and energy subsidies (Europe).
There are lessons in these cases for the problem
solving efforts of any institution, today or in the
future, that is intended to last.

The Western Roman Empire

The lessons of the Western Roman Empire are that (a)
a society or other institution can be destroyed by the
cost of sustaining itself, and (b) complexity in problem
solving does its damage subtly, unforeseeably, and
cumulatively over the long term.

The Roman Empire, like all empires, was founded on
the expectation of high returns to conquest. Yet by the
second century A.D Rome’s enemies had grown
stronger while the empire had stopped expanding.
Fighting increasingly took place within the empire
itself, and ordinary budgets often would not suffice to
defend the state. The problems became acute in the
third century when forces of Persians, Germanic war
bands, and contending Romans crossed and ravaged
the empire. A primary strategy to meet the costs of
these crises (mainly military costs) was to debase the
currency. There was no choice: the crises had to be
contained whatever the true cost to the future.

Victories in the late third century gave a respite to

108 Editor Notu: Silahli, yari-silahli, misyonerler vbg yollarla yapilabilecek fetihler kastediliyor.
109 Editor Notu: Burada aslolanin fosil yakit kaynaklarinin giivenliginin saglanmasi, sanki topraklarin korunmasindan daha az 6nemli gibi

anlasilmamalidir. Esas hedef enerji kaynaklaridir.
110 (Tainter, 1992, s. 123-125)
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Uciincii yiizyilin sonundaki zaferler, daha uzun
donemli bir strateji uygulamak i¢in soluklanma
sagladi; bu strateji, sorun ¢ézme sisteminin
araclarinin (hiikiimet ve ordu) biiytkligiini ve
karmasikligini artirmak ve imparatorlugu bunun
gerektirdigi kaynaklar liretecek sekilde orgilitlemekti.

Gereken gelirleri elde etmek i¢in, her iiretim birimi,
ister insan, ister arazi, gemi ya da araba olsun, sayildu.
Vergilendirme duizeyleri belirlendi ve vergi toplamay:
saglamak icin imparatorluk ajanlari1 génderildi. Bunu
hi¢bir seyin bozmasina izin verilmedi. Tarlarini terk
eden koyliiler geri dondiiriildii ya da arazileri
baskalarina verildi. Belli bash meslekler miras yoluyla
kalitilmaya baslandi. Iimparatorlugun hayatta kalmasi
iireticilerinin refahinin éniine gecti. Bu kontrollerin
hepsi de islem maliyetlerini artird.

Buradaki ironi, siirekliligi saglayacak her adimin

acil bir
sorunun akilci ¢6ziimiiydii. Bu adimlardan herhangi
biri atilmasaydi, imparatorluk ¢ok daha kisa émiirlii
olurdu. Yine de her basamak imparatorlugun hayatta
kalmasinin bagli oldugu iireticilerin refahini asindirdi.
Zamanla, liretim sistemi diisiise gegti, topraklar terk
edildi ve koylii niifusu 6nce diistli sonra durdu. Sinirh
akilciligin kisitladigl imparatorlar bu piirtizleri
goremediler. Sonunda, sorun ¢6zme sisteminin
maliyeti ve karmasiklig1 ¢okusii kacinilmaz kildi.

Erken Bizans’tn Canlanmasi

Antik diinyanin hiikiimranlari, kaynaklar:1 emrederek
istemeye ve bunlarin kendilerine gonderilmesine
alismislardir. Bu imparatorlugun hiikkiimranlarini artik
eskisi gibi yasayamayacaklari ve rekabet
edemeyeceklerine ikna etmek i¢in, gériillmemis
diizeyde bir kriz gerekti. Bizanslilar, bunu
imparatorluklarinin yarisini kaybettikleri ve diger
yarisinin da ellerinden gitmekte oldugu on yedinci
ylzyil krizleri sirasinda anladilar. Niifus altinci
ylizylldaki vebanin zararlarini telafi edememisti ki,
600’lerin basindaki Pers istilas1 Anadolu’daki kirsal
hayati darmadagin etti; Persler ve sonra da Araplar
geri kalan yerlesik halktan yakalayabildiklerini kole
olarak aldilar. Vergiler yavas yavas azaldi ve hiikiimet
orduyu destekleyemez hale geldi. Araplarin zaferi
kacginilmazdi.

Bizans Imparatorlugu tarihte gériilen, karmagik
toplumu basitlestirmenin tek 6rnegi ile yanit verdi.
Kirsal yasami temel alan riitbe ve payelerin cogu
ortadan kalkti. Sivil idare basitlesti ve askerlerin
oldugu kirsalla birlesti. Hikiimetin islem maliyetleri
diistii. Ekonomi kii¢tildii ve zanaatgilar ve tiiccarlar
azald1. Elit sosyal yasam artik var olmayan kentler

implement a longerterm strategy, which was to
increase the size and complexity of the problem-
solving system (government and its army), and to
organize the empire to produce the resources this
required.

To gain the required revenues every unit of
production was counted, whether person, land, ship,
or cart. Levels of taxation were established and the
empire’s agents were sent to ensure collection.
Nothing was allowed to interfere. If peasants
abandoned their fields they were returned to work, or
the lands assigned to others. Essential occupations
were made hereditary. The survival of the empire took
precedence over the well-being of its producers. Each
of these controls exacerbated transaction costs.

The irony is that each step to ensure continuity—
whether debased currency, larger army, frozen labor,
or increased control—was a rational solution to an
immediate problem. Had any of these steps not been
taken the empire would not have survived as long as it
did. Yet each step degraded the well-being of the
producers on whom survival depended. In time the
productive system declined, lands were abandoned,
and the peasant population first declined and then
stagnated. Emperors, constrained by bounded
rationality, could not foresee these ramifications. In
the end the costliness and complexity of the problem-
solving system made collapse inevitable.

The Early Byzantine Recovery

Rulers of the ancient world had been accustomed to
ordering resources and having them delivered. It took
a crisis of unprecedented proportions to convince the
rulers of this empire that they could no longer live and
compete as they formerly did. The Byzantines
perceived this during the crises of the seventh
century, during which they lost half their empire and
seemed about to lose the rest. The population had not
recovered from the sixth century plague when the
Persian invasion of the early 600s destroyed urban life
in Asia Minor, and both the Persians and later the
Arabs took into slavery as many of the remaining
inhabitants as they could catch. Taxes dwindled and
the government could no longer support the army.
Arab victory seemed inevitable.

The Byzantine Empire responded with one of history’s
only examples of a complex society simplifying. Much
of the structure of ranks and honors, based on urban
life, disappeared. Civil administration simplified and
merged in the countryside with the military.
Governmental transaction costs were reduced. The
economy contracted and there were fewer artisans
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yerine, baskent ve imparatorla sinirlandu.
Okuryazarlik ve 6grenim azaldi. Binyillik parasal
ekonominin yerini takas ve feodal toplumsal iliskiler
aldu

En 6nemlisi, Bizans hiikiimeti, en pahali kisminin, yani
ordunun maliyetini miithis bir sekilde azaltti1 ve ayn
zamanda orduyu daha etkin bir hale getirdi. Artik
koyliiler kendilerini ve etkisiz bir orduyu beslemek
zorunda degillerdi. Ordu, koyliilere benzeyen arazi
sahipleri ve tlireticiler oldu. Askerlerin savunduklari
toprak kendi topraklariydi. Savunduklari insanlar
akrabalari ve komsulariydi. Boylece, eskisinden daha
iyi savastilar ve hiikiimet onlarin maliyetinden daha
iyi bir getiri elde etti. Imparatorlugun hizli arazi kaybi
azaldi ve zamanla da hiicum eden taraf oldu. Bu
ornekte sorun ¢6zme stratejisi karmasiklik degil, uzun
bir karmasiklik doneminin ardindan basitlestirme
olmustu.

Avrupa

Savasan Avrupa vakasindaki siirdiiriilebilirlik son
derece karmasikti. Bu, bir felaketin tiim unsurlarini
iceren bir drnektir -karmasiklik artisi, yiiksek
maliyetler, askeri agidan kilitlenmislik1! ve fakirlesen
bir destek niifusu-; yine de bugiin bildigimiz
endlistriyel diinyaya ve tarihin en kapasiteli sorun
¢6zme sistemlerine katkida bulundu.

Savas oyle bir zenginlik tiiketicisidir ki

, ¢agdas
Avrupa (ve filizleri ve taklitgileri) hi¢bir zaman var
olmayabilirlerdi. Savas, zenginligi sadece fiziksel
olarak yok ederek degil, ayn1 zamanda savasa hazirlik
ve savasl ylriitme maliyetleriyle de sinsice tiiketir.
Karmasiklik ve maliyetler daha da ytikselir. Avrupa
savaslarinin gittikce daha da ¢aresizlesen bir koylu
sinifi tarafindan desteklenmesi gerekmistir. Kendi
maliyetleri nedeniyle ¢okiise agik kalan bir politik
sistem varsa, o da son binyilin Avrupa’sidir.

Yiizyillarin sefaletinden bugiiniin refahinin ¢itkmasinin
iki ana nedeni var. Birincisi, rekabet Avrupalilari
surekli teknolojik yenilikler, orgiitsel yetenekler ve
mali sistemler bulmaya itti. Madde ve enerjiyi
yonetmede ve dagitmada daha ustalasmaya zorladu.
ikinci neden, sansh olmalariydi; biiyiik siibvansiyonlar
geldi 6nlerine. Okyanusu asarak fethedilecek yeni
topraklar buldular ve buradan elde ettikleri kaynaklar
Avrupa’nin avantaji oldu. Avrupa’nin savastaki
mahareti bu topraklarin halklarinin ve

and merchants. Elite social life focused on the capitol
and the emperor, rather than on the cities that no
longer existed. Literacy, writing, and education
declined. Barter and feudal social relations replaced
the millenniumold monetary economy.

Most fundamentally, the Byzantine government cut
dramatically the cost of its most expensive part, the
army, while simultaneously making it more effective.
No longer did peasants have to support themselves
and a recently ineffectual army. The army became
landholders and producers much like the peasants.
The land soldiers defended was their own. The people
they defended were kin and neighbors. Accordingly
they fought better than before and the government
obtained a better return on their cost. Almost
immediately the army began to perform better. The
empire stopped losing land so rapidly and in time took
the offensive. In this case the problem-solving strategy
was not complexity, but simplification after a long
period of increased complexity.

Europe

Sustainability in the case of warring Europe was richly
complex. Here is a case that had all the ingredients of
disaster—increasing complexity, high costs, military
stalemate, and an impoverished support population—
yet it contributed to the industrial world that we know
today and to history’s most capable systems of
problem solving.

War is such a consumer of wealth (as seen in the
Roman, Byzantine, and European cases) that modern
Europe (and its offshoots and imitators) might never
have come to be. War consumes wealth not only
through physical destruction, but more insidiously
through the costs of preparing for and conducting it.
Complexity and costs are driven ever higher.
European wars had to be supported by a peasantry
that grew ever more desperate. If there was ever a
political system that should have been vulnerable to
collapse from its own costs, it was Europe of the last
millennium.

There are two primary reasons why today’s
prosperity emerged from so many centuries of misery.
The first is that the competition forced Europeans
continuously to innovate in technological prowess,
organizational abilities, and systems of finance. They
were forced to become more adept at manipulating
and distributing matter and energy. The second
reason is that they got lucky: they stumbled upon
great subsidies. Over the ocean they found new lands
that could be conquered, and their resources turned to

11 Editor Notu: Ordu, ancak hareketsiz kaldig: stirece giderleri karsilanabiliyor. Herhangi bir amagla harekete ge¢mesi gerektiginde ortaya

¢ikacak maliyetlerin ise altindan kalkilamiyor.
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hiikiimetlerinin kolayca ezilmesi anlamina geldi.

Daha sonra da bugiinkii karmasikliga, sorun
¢Ozlimiine ve refaha fon saglayan yeni destekler (fosil
yakitlar1 ve niikleer yakitlar) gelistirildi. Dolayisiyla,
on besinci ylizyilldan sonra, sadece Avrupa’ya diisen
glines enerjisiyle desteklenmesi miimkiin olmayacak
karmasiklik diizeylerinin gelistirilmesi i¢cin kaynaklar
bulunmus oldu. Bu destekler olmasaydi (yani bu sans
olmasaydi) Avrupa ve bugiinkii diinyamiz olduk¢a
farkli olacaktu.

VARILAN SONUCLAR

Orgiitsel karar verme, érgiitsel ekoloji ve dgrenen
orgiitler alanlarindaki kurumlarin basarilari ve
basarisizliklar: hakkinda pek ¢ok sey 6grendik.

Sinirh akilalik!12, §ngoriillemeyen sonuglar ve islem
maliyetleri sorunlar1 burada gelistirilen yaklasimin
altinda yatan unsurlardir. Ancak, bu alanlar kisa
donemli degisimin incelenmesiyle sinirlanmistir. Bir
devlet gibi 6rgiitler i¢in, basarisizligin yakin
nedenlerini aramak, uzun bir siirecin sadece en ucuna
bakmaktir. Orgiitlerin bilimi artik tarihsel olmahdir.

Karmasiklik, sorun ¢6ziimiinde uzun dénemli bir
paradokstur. Kisa donemde sorunlarin ¢éziimiinii
kolaylastirr, fakat bunlarin uzun vadede ¢oziilmesi
yetenegini azaltir. Bir toplumun ya da baska bir
kurumun korunmasi, sorun ¢ézme sisteminin
kendisinin siirduriilebilir olmasini gerektirir. Bu
makaledeki vaka ¢alismalari sorun ¢éziimiinde uzun
vadeli egilimlerin olasi sonuglarini tarif edebilmemizi
saglayacaktir.

1. Roma Modeli. Sorun ¢6zlimi yeni enerji
kaynaklariyla desteklenemeyecek karmasiklik ve
maliyet artiglari getirir. Sorun ¢6ziimii zamanla
getirinin azalmasina neden olur. Sorun ¢6ziimi liretim
sisteminden daha fazla kaynak alarak stirer. Mali
zayiflik ve niifusun hiikiimete karsi antipatisi sorunun
¢0zUmiini tehlikeye atar ve ¢okiisii baslatir.

2. Bizans Modeli. Artik karmasiklig1 artirmaya yetecek
kaynagi kalmayan kurum bilerek kendini basitlestirir.
Maliyetler biiyiik 6l¢lide diiser ve belki de en 6nemlisi
liretim sistemi tesvik edilmis olur. Bizans 6rneginde
mali canlanma ve nihayetinde genisleme saglayan
strateji budur. Bu ayni1 zamanda bir¢ok Amerikan
sirketinin de son 20 yildir kullandig1, yonetimin
basitlestirilmesinin ve maliyetlerin azaltilmasinin
rekabete ve canlanmaya katki sagladig: stratejidir.

European advantage. European prowess at war meant
that the peoples and governments of those lands were
rather easily overwhelmed.

More recently new subsidies (fossil and nuclear fuels)
were developed that fund complexity, problem
solving, and welfare today. Thus from the fifteenth
century on Europe found the resources to develop
levels of complexity that would have been impossible
to support by the solar energy falling on Europe alone.
Without these subsidies (that is, without this luck),
Europe and the world today would be quite different.

CONCLUSIONS

We have learned much about the success and failure
of institutions from the fields of organizational
decision-making, organizational ecology, and learning
organizations.

The problems of bounded rationality, unforeseeable
consequences, and transaction costs underlie the
approach developed here. These fields have been
limited, though, to the study of short-term change. In
the case of organizations such as states, to look for
proximate reasons for failure is to look only at the tail
end of a long process.

The science of organizations must become historical.
Complexity is a long-term paradox of problem solving.
[t facilitates the resolution of problems in the short
run while undermining the ability to solve them in the
long term. Maintaining a society or other kind of
institution requires that the problem-solving system
itself be sustainable. The case studies of this essay
allow us to describe possible outcomes to long-term
trends in problem solving.

1. The Roman Model. Problem solving drives
increasing complexity and costs that cannot be
subsidized by new sources of energy. In time there are
diminishing returns to problem solving. Problem
solving continues by extracting higher levels of
resources from the productive system. Fiscal
weakness and disaffection of the population in time
compromise problem solving and initiate collapse.

2. The Byzantine Model. The institution, perhaps no
longer having sufficient resources to increase
complexity, deliberately simplifies. Costs are greatly
reduced and, perhaps more importantly, the
productive system is enhanced. It is a strategy that in
the Byzantine case allowed for fiscal recovery and
eventually for expansion. This is also the strategy
employed by many American firms over the past 20
years, where simplification of management and

112 Bkz dip not 49
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3. Avrupa Modeli. Kontrolsiiz rekabet karmasikligin
gittikce artmasina yol acar. Uzun dénemli maliyete
bakmaksizin kaynaklari tiiketir, ¢linkii kars: karsiya
olunan alternatif ortadan kalkma olabilir. Bu riskli bir
durumdur ve tiim rakiplerin ¢okiistine yol agabilir;
giiney vadilerinin Klasik Mayalarinda bu olmustur13.
Avrupalilar bu tuzaktan kismen rekabetin zorladig1
deha, ama biiyiik 6l¢lide sansla kurtulmuslardir.

Bu sonuclarin incelenmesinin nedeni, hem
karmasikligin ve sorun ¢éziimiiniin sonuglarini
anlamak hem de olasi geleceklerimize goz
atabilmektir. Son birkag¢ ytizyil boyunca
toplumlarimizin ve kurumlarimizin karmasikligi
biiytik 6l¢iide artmistir. Bu karmasiklik giintimiiz
enerji destekleriyle, esas olarak da fosil yakitlarla
sturdirilmektedir. Bu bagimliligin ne kadar uzun
stireyle siirdiiriilebilecegini bilmiyoruz. Campbell and
Laherre're (1998) bugiinkii karmasikligimizin temeli
olan petroliin birkag yil icinde azalacagini 6ne
suruyorlar. (a) Karmasiklik ve getiri azalmasj, (b)
basitlestirme, ya da (c) baska destekler temelinde
karmasiklik artisi segeneklerini goéz 6ntine alarak,
sorun ¢6zme sistemlerinin nasil gelistigini tam olarak
anlarsak, buna hazirlanabiliriz.

Ya da Avrupalilarin sansinin ve olusturduklari
sOmiirgelerin tekrarlanmasini umut edebiliriz.
Gelecek hakkinda emin olabilecegimiz tek sey
zorluklarla dolu olacagidir. Sorun ¢6zme
kurumlarimizin bu zorluklar atlatacagina dair kumar
oynayabilir ve atlatamazlarsa da sonuclari kabul
edebiliriz. Ya da sorun ¢éziimiiniin kendisini, hangi
egilimlerle olustugunu ve basarili olup olmayacagini
belirleyen unsurlar1 anlayarak stirdiiriilebilir olma
sansimizl artirabiliriz.

Sonuglar muazzamdir; Avrupalilarin yukarilarda
degnilen siibvansiyon sanslar1 olmasaydi, sorun
c¢ozmedeki karmasiklik ikilemil14,gelecekteki bir
baska bilim insani tarafindan, R6nesans Avrupa’sini
Bat1 Roma Imparatorlugu ile birlikte bir baska ¢ékiis
ornegi olarak ayni kefeye koyardi.

elimination of costs contributed to competition and
recovery.

3. The European Model. Uncontrolled competition can
lead to everincreasing complexity. It drives
consumption of resources regardless of long-term
cost, for the immediate alternative may be extinction.
It is a risky situation that can lead to the collapse of all
contenders, as it seems to have done in the case of the
southern lowland Classic Maya (Tainter, 1988, 1992).
The Europeans averted this trap in part through
competition-induced ingenuity, but largely also
through luck.

The point of examining these outcomes is both to
understand the consequences of complexity and
problem solving and to peer into our possible futures.
Our societies and institutions have increased greatly
in complexity over the past few centuries. This
complexity is sustained by our current energy
subsidies, primarily fossil fuels. We do not know how
long this dependency can continue. Campbell and
Laherre're (1998) argue that the petroleum basis for
our present complexity may begin to diminish within
a few years. We can prepare for this with a full
understanding of how problem- solving systems
develop, cognizant of the options of (a) complexity
and diminishing returns, (b) simplification, or (c)
growing complexity based on further subsidies. Or we
can hope for a repeat of the luck enjoyed by

Europeans and some of the colonies they established.
The only thing that is certain about the future is that it
will present challenges. We can gamble that our
problem-solving institutions will suffice to meet those
challenges, and accept the consequences if they do
not. Or we can increase our chances of being
sustainable by understanding problem solving itself,
the trends by which it develops, and the factors that
make it successful or not.

The consequences are enormous; had European luck
proved otherwise the dilemma of complexity in
problem solving might have been described by a
future scholar who would lump Renaissance Europe
with the Western Roman Empire as another example
of collapse.

113 (Tainter, 1988, 1992)

114 Editor Notu: Sorun ¢ézlimiinii artiran karmagikligin donerek yeni sorunlar yaratmasi ikilemi kastediliyor.




REFERENCES
Adams, R. McC. (1978). Strategies of maximization, stability, and resilience in Mesopotamian society, settlement, and agriculture.
Proceedings of the American Philosophical Society 122, 329-335.
Adams, R. McC. (1981). Heartland of cities. Chicago: Aldine.
Alcock, S. E. (1993). Graecia capta: the landscapes of Roman Greece. Cambridge: Cambridge University Press.
Aldrich, H. E. (1979). Organizations and environments. Englewood Cliffs: Prentice-Hall.
Allen, T. F. H,, Tainter, J. A., & Hoekstra, T. W. (1999). Supply-side sustainability. Systems Research and Behavioral Science 16, 403-427.

Barker, E. (1924). Italy and the West, 410-476. In The Cambridge medieval history, Volume 1, the Christian Roman Empire and the
foundation of the Teutonic order (second edition).

Gwatkin, H. M. & Whitney, J. P. (Eds.), pp. 392-431. Cambridge: Cambridge University Press.

Baum, J. A. C. & Singh, J. V. (1994a). Organizational hierarchies and evolutionary processes: some reflections on a theory of organizational
evolution. In Evolutionary dynamics of organizations. Baum, J. A. C. & Singh J. V. (Eds.), pp. 3-20. New York and Oxford: Oxford University
Press.

Baum, J. A. C. & Singh, J. V. (1994b). Organizational niches and the dynamics of organizational mortality. American Journal of Sociology 100,
346-380.

Bendix, R. (1956). Work and authority in industry. New York: Wiley.

Besly, E. & Bland, R. (1983). The Cunetio Treasure: Roman coinage of the third century AD. London: British Museum.

Boak, A. E. R. (1955). Manpower shortage and the fall of the Roman Empire in the West. Ann Arbor: University of Michigan Press.
Boserup, E. (1965). The conditions of agricultural growth: the economics of agrarian change under population pressure. Chicago: Aldine.
Campbell, C.]. & Laherre're, J. H. (1998). The end of cheap oil. Scientific American 278(3), 78-83.

Chayanov, A. V. (1966). The theory of peasant economy. Smith, R. E. F. & Lane, Christel (Trans.). Homewood: Richard D. Irwin for the
American Economic Association.

Clark, C. & Haswell, M. (1966). The economics of subsistence agriculture. London: Macmillan.
Coase, R. H. (1937). The nature of the firm. Economica 4(n.s.), 386-405.
Cohen, M. N. (1977). The food crisis in prehistory: overpopulation and the origins of agriculture. New Haven: Yale University Press.

Cope, L. H. (1969). The nadir of the imperial Antoninianus in the reign of Claudius II Gothicus, A.D. 268-270. The Numismatic Chronicle 7, 9,
145-161.

Cope, L. H. (1974). The metallurgical development of the Roman Imperial coinage during the first five centuries A.D. Ph.D. dissertation,
Liverpool Polytechnic.

Creveld, M. van (1989). Technology and war, from 2000 B.C. to the present. New York: Free Press.

Duncan-Jones, R. (1990). Structure and scale in the Roman economy. Cambridge: Cambridge University Press.

Ferrill, A. (1986). The fall of the Roman Empire: the military explanation. London: Thames and Hudson.

Frank, T. (1940). An economic survey of ancient Rome, Volume V: Rome and Italy of the Empire. Baltimore: Johns Hopkins University Press.
Gibbon, E. (1776-1788). The decline and fall of the Roman Empire. New York: Modern Library.

Griliches, Z. (1984). Introduction. In R & D, patents, and productivity. Griliches, Z (Ed.), pp. 1-19. Chicago and London: University of Chicago
Press.

Haldon, J. F. (1990). Byzantium in the seventh century: the transformation of a culture. Cambridge: Cambridge University Press.

Hall, Charles A. S., Cleveland, C. J., & Kaufmann, R. (1992). Energy and resource quality: the ecology of the economic process. Niwot: University
Press of Colorado.

Hammond, M. (1946). Economic stagnation in the early Roman Empire. Journal of Economic History, Supplement 6, 63-90.

Hannon, M. T. & Carroll, G. R. (1992). Dynamics of organizational populations: density, legitimation, and competition. New York: Oxford
University Press.

Harl, K. W. (1996). Coinage in the Roman economy, 300 B.C. to A.D. 700. Baltimore: Johns Hopkins University Press.
Hodgett, G. A.]. (1972). A social and economic history of medieval Europe. London: Methuen.

Jones, A. H. M. (1964). The later Roman Empire, 284-602: a social, economic and administrative survey. Norman: University of Oklahoma
Press.

Jones, A. H. M. (1974). The Roman economy: studies in ancient economic and administrative history. Oxford: Basil Blackwell.

Kennedy, P. (1987). The rise and fall of the great powers: economic change and military conflict from 1500 to 2000. New York: Random
House.

King, C. E. (1982). Issues from the Rome mint during the sole reign of Gallienus. Actes du 9e'me Congre’s International de Numismatique,
467-485. Louvain-la-Neuve: Association Internationale des Numismates Professionels.

Lee, R. B. (1968). What hunters do for a living, or, how to make out on scarce resources. In Man the hunter. Lee, R. B. & DeVore, L. (Eds), pp.
30-48. Chicago: Aldine.

Lee, R. B. (1969). Eating Christmas in the Kalahari. Natural History 78(10), 14, 16, 18, 21-2, 60-3.
Le Gentilhomme, P. (1962). Variations du titre de I’Antoninianus au Ille sie’cle. Revue Numismatique VI Se'rie, Tome 1V, 141-66.

Luttwak, E. N. (1976). The grand strategy of the Roman Empire from the first century A.D. to the third. Baltimore and London: Johns Hopkins
University Press.

Machlup, F. (1962). The production and distribution of knowledge in the United States. Princeton: Princeton University Press.
MacMullen, R. (1976). Roman government’s response to crisis, A.D. 235-337. New Haven and London: Yale University Press.

March, . G. & Olsen, . P. (1986). Garbage can models of decision-making in organizations. In Ambiguity and command: organizational
perspectives on military decision making.

March, J. G. & Weissinger-Baylon, R. (Eds.), pp. 11-35. Marshfield: Pitman.
March, J. G. & Simon, H. A. (1958). Organizations. New York: Wiley.




Mazzarino, S. (1966). The end of the ancient world. Holmes, G. (Trans.). London: Faber and Faber.

McNeill, W. H. (1976). Plagues and peoples. Garden City: Anchor/Doubleday.

Meyer, J. L. (1987). The monetary reforms of Aurelian and Diocletian. Roman Coins and Culture 3(2), 20-42.

Parker, G. (1988). The military revolution: military innovation and the rise of the West, 1500-1800. Cambridge: Cambridge University Press.
Polybius (1979). The rise of the Roman Empire. (The Histories, Scott-Kilvert, I. [Trans.]). Harmondsworth: Penguin.

Price, D. de Solla (1963). Little science, big science. New York: Columbia University Press.

Price, T. D. & Brown, ]. A. (Eds.). Prehistoric hunter-gatherers: the emergence of cultural complexity. Orlando: Academic Press.

Rasler, K. & Thompson, W. R. (1989). War and state making: the shaping of the global powers. Boston: Unwin Hyman.

Renfrew, A. C. (1982). Polity and power: interaction, intensification and exploitation. In An

island polity: the archaeology of exploitation on Melos. Renfrew, C. & Wagstaff, M. (Eds.), pp. 264-290. Cambridge: Cambridge University
Press.

Rescher, N. (1978). Scientific progress: a philosophical essay on the economics of research in natural science. Pittsburgh: University of
Pittsburgh Press.

Rescher, N. (1980). Unpopular essays on technological progress. Pittsburgh: University of Pittsburgh Press.

Rosen, S. (1991). Transaction costs and internal labor markets. In The nature of the firm:

origins, evolution, and development. Williamson, O. E. & Winter, S. G. (Eds.), pp. 75-89. New York: Oxford University Press.
Rostow, W. W. (1980). Why the poor get richer and the rich slow down. Austin: University of Texas Press.

Russel], J. C. (1958). Late ancient and medieval population. Transactions of the American Philosophical Society 48(3).
Sahlins, M. (1972). Stone Age economics. Chicago: Aldine.

Schmookler, J. (1966). Invention and economic growth. Cambridge: Harvard University Press.

Senge, P. M. (1990). The fifth discipline: the art and practice of the learning organization. New York: Doubleday.

Service, R. F. (1997). Making single electrons compute. Science 275, 303-304.

Simon, H. A. (1997). Administrative behavior: a study of decision-making processes in administrative organizations. Fourth Edition. New York:
Free Press.

Spencer, H. (1972). On social evolution. Peel, ]. D. Y. (Ed.). Chicago: University of Chicago Press.

Sundberg, U,, Lindegren, ., Odum, H. T., & Doherty, S. (1994). Forest EMERGY basis for Swedish power in the 17th Century. Scandinavian
Journal of Forest Research, Supplement 1.

Tainter, J. A. (1988). The collapse of complex societies. Cambridge: Cambridge University Press.

Tainter, J. A. (1992). Evolutionary consequences of war. In Effects of war on society. Ausenda, G. (Ed.), pp. 103-130. San Marino: Center for
Interdisciplinary Research on Social Stress.

Tainter, J. A. (1994). La fine dell’amministrazione centrale: il collaso dell'Impero Romano in
Occidente. In Storia d’Europa, Volume Secondo: preistoria e antichita’. Guilaine, ]. & Settis, S. (Eds.) pp. 1207-1255. Turin: Einaudi.
Tainter, J. A. (1995). Sustainability of complex societies. Futures 27, 397-407.

Tainter, J. A. (1996a). Introduction: prehistoric societies as evolving complex systems. In Evolving complexity and environmental risk in the
prehistoric Southwest. Tainter, J. A. &

Tainter, B. B. (Eds.), pp. 1-23. Santa Fe Institute, Studies in the Sciences of Complexity, Proceedings Volume XXIV. Reading: Addison-Wesley.

Tainter, J. A. (1996b). Complexity, problem solving, and sustainable societies. In Getting down to earth: practical applications of Ecological
Economics. Costanza, R, Segura, 0., & Martinez- Alier, J. (Eds.), pp. 61-76. Washington, DC: Island Press.

Tainter, J. A. (1997). Cultural conflict and sustainable development: managing subsistence

hunting in Alaska. In Sustainable development of boreal forests: proceedings of the 7th

International Conference of the International Boreal Forest Research Association, pp.

155-161. Moscow: All-Russian Research and Information Center for Forest Resources.

Tainter, J. A. (1999). Post-collapse societies. In Companion encyclopedia of Archaeology. Barker, G. (Ed.), pp. 988-1039. London: Routledge.
Tainter, J. A. (2000). Global change, history, and sustainability. In The way the wind blows:

climate, history, and human action. Mclntosh, R. ], Tainter, J. A., & McIntosh, S. K. (Eds.), pp. 331-356. New York: Columbia University Press.
Toumey, C. P. (1996). Conjuring science: scientific symbols and cultural meanings in American life. New Brunswick: Rutgers University Press.
Treadgold, W. (1988). The Byzantine revival, 780-842. Stanford: Stanford University Press.

Treadgold, W. (1995) Byzantium and its army, 284-1081. Stanford: Stanford University Press.

Treadgold, W. (1997). A history of the Byzantine state and society. Stanford: Stanford University Press.

Tul’chinskii, L. I. (1967). Problems in the profitability of investments in public education. Soviet Review 8(1), 46-54.

Tyler, P. (1975). The Persian wars of the 3rd century A.D. and Roman imperial monetary policy, A.D. 253-68. Historia, Einzelschriften 23.
U. S. Bureau of the Census (1983). Statistical abstract of the United States: 1984 (104th edition).

Washington, D.C.: U.S. Government Printing Office.

Van Meter, D. (1991). The handbook of Roman imperial coins. Nashua: Laurion Numismatics.

Walker, D. R. (1976). The metrology of the Roman silver coinage, part I, from Augustus to Domitian. British Archaeological Reports,
Supplementary Series 5.

Walker, D. R. (1977). The metrology of the Roman silver coinage, part I, from Nerva to Commodus. British Archaeological Reports,
Supplementary Series 22.

Walker, D. R. (1978). The metrology of the Roman silver coinage, part III, from Pertinax to
Uranius Antoninus. British Archaeological Reports, Supplementary Series 40.
White, L. A. (1949). The science of culture. New York: Farrar, Straus and Giroux.




White, L. A. (1959). The evolution of culture. New York: McGraw-Hill.

Wickham, C. (1981). Early medieval Italy: central power and local society 400-1000. London: Macmillan.
Wickham, C. (1984). The other transition: from the ancient world to feudalism. Past and Present 103, 3-36.
Wilkinson, R. G. (1973). Poverty and progress: an ecological model of economic development. London: Methuen.
Williams, S. (1985). Diocletian and the Roman recovery. New York: Methuen.

Worthington, N. L. (1975). National health expenditures, 1929-74. Social Security Bulletin 38(2), 3-20.

Yoffee, N. (1988). The collapse of ancient Mesopotamian states and civilization. In The collapse of ancient states and civilizations.
Yoffee, N. & Cowgill, G. L. (Eds.), pp. 44-68. Tucson: University of Arizona Press.




