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A B S T R A C T

Wars have major economic, political and human implications, and they can strongly affect environment and land
use, not only during the conflicts, but also afterwards. However, data on the land use effects of wars is sparse,
especially for World War II, the largest war in history. Our goal was to quantify and understand the time-lagged
land use effects of WWII in Romania, by applying Structure from Motion technology to 1960s Corona spy sa-
tellite photography. We quantified forest cutting across Romania from 1955 to 1965. This was a period when
Romania's economy recovered from the war and when Romania established close economic ties to the Soviet
Union, and when the Romanian government made reparation payments to the Soviet Union. To understand the
effects of war, we developed an accurate and fast method to orthorectify high-resolution Corona photography in
mountain areas, and rectified scanned Corona photography based on Structure from Motion technology. Our
study area of 212,000 km2 was covered by 208 Corona film strips, which we rectified with an overall average
accuracy of 14.3 m. We identified 530,000 ha of forest cuts over this time period, the rate of which is three times
higher than contemporary cutting rates. Our results highlight that the environmental and land use effects of
WWII were substantial in Romania, due to reparation payments, post-war policies regarding resource ex-
ploitation, and technological and infrastructural development. Our research provides quantitative evidence of
how wars can cause time-lagged and long-term effects on the environment. Methodologically, we advance re-
mote sensing science by pioneering a new approach to orthorectify Corona photography for large areas effec-
tively. Corona data are available globally. Our approach facilitates the extension of the data record of space
borne observation of the earth by one to two decades earlier than what is possible with satellite datasets.

1. Introduction

Land use change is a major aspect of global change (Foley et al.,
2005; Vorovencii, 2014) but rates of land use change are typically
gradual (Dinca et al., 2017; Geist and Lambin, 2004; Kozak et al., 2007;
Müller et al., 2013). However, when shocks - such as wars - occur, land
use and land cover changes can be rapid and unpredictable (Baumann
and Kuemmerle, 2016; Bouma et al., 1998; Lambin et al., 2003). The
immediate effects of wars on the environment can be substantial
(Baumann et al., 2014; Rudel et al., 2005), but there are likely also
time-lagged and long-term land use effects of wars, which remain lar-
gely unknown (Robinson and Sutherland, 2002). Time-lagged effects of
wars can be due to, for example, reparation payments following

conflict, or rebounding economies following a war, a phenomenon
known as the Phoenix factor (Humphreys, 2005; Organski and Kugler,
1977), which occurs typically about 15–20 years after major conflicts
(Kim et al., 2014; Organski and Kugler, 1977). However, a given
country's economical and socio-political development may affect this
timing, where the least developed societies are likely to deteriorate for
long periods after wars (Fisunoglu, 2014; Hasic, 2004), whereas more
developed countries rebound faster. Given this, it is important to in-
crease the understanding of the time-lagged effects of wars on land use
and the environment (Baumann et al., 2014; Burgess et al., 2015).

The largest war in history was the Second World War (WWII,
1939–1945), which had major economic, political and human im-
plications, both during the conflict, and afterwards. The economic and
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