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The relationship between people and the landscape consists of multi-layer components such as the atmosphere, water, living things, nutrients, livelihood, society, and information. To clarify temporal changes in this relationship, previous studies have used conventional approaches based on field work and satellite observation. However, interpretations based on these conventional two approaches are subject to temporal, spatial, representative, and interpretability gaps. In this perspective and review paper, we propose three approaches to bridge these gaps: (1) text mining of historical documents and data (mining for handwritten or printed old documents, books, diaries, field notes, and statistics), (2) video mining (mining for descriptions, interviews, narrations, and background of photos/video), and (3) social sensing (observing real-world events by using digital communication tools such as social networking services, YouTube, and Google Trends). We discuss the utility, limitation, and perspective of each of these proposed approaches by presenting case examples of their application from Northeast Asia. We found that (1) the text mining approach can be useful to remove the temporal, representative, and interpretability gaps but requires immense amounts of time and labor; (2) the video mining approach can be useful to remove the temporal, representative, and interpretability gaps, but uncertainties remain and there are usage limitations with video materials; and (3) the social sensing approach can be useful to reduce the spatial, representative, and interpretability gaps, but it requires careful consideration in terms of data quality and ethical issues. To deepen our understanding of the relationship between people and the landscape during periods of social and climate change on a scale of seasons to centuries from the viewpoint of personal attributes and traits, we conclude that an integrated analysis that combines the conventional approaches such as field work and satellite observation and the proposed approaches should be further developed. Through the development of our proposed integrated analytical approaches, we expect to establish a new transdisciplinary study that integrates anthropology, sociology, informatics, history, and natural sciences.
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1 INTRODUCTION
Societal and climate changes have always influenced and shaped the relationship between people and the landscape (i.e., people’s living space; Ljungqvist et al., 2021). Since humans first migrated from Africa, they have been confronted with a changing relationship with the landscape (e.g., Stewart and Stringer, 2012; Ziegler et al., 2013; Inamura et al., 2022). To maintain a stable and sustainable relationship with the landscape, people adapted their physical traits (e.g., body size), lifestyles (e.g., clothes, food, and tools), and behavior patterns (i.e., culture) to best suit the environment (e.g., Katzmarzyk and Leonard, 1998; Pecl et al., 2017). However, recent rapid economic development, globalization, development of cyber communications, and the climate crisis have resulted in “external” changes (e.g., land cover and land use change caused by deforestation and plantations, water deficits, disasters, and loss of biodiversity) and “internal” changes (e.g., economic differentials, poverty, discrimination, and geopolitical risk) that have an impact on the relationship between people and the landscape (Ramankutty and Foley, 1999; Scheffers et al., 2016; Secretariat of the Convention on Biological Diversity, 2020; Takeuchi et al., 2021; Sekiyama, 2022; Schug et al., 2023). These changes have often resulted in an unstable and unsustainable relationship between people and the landscape, critically affecting people’s lives (e.g., in the Arctic region: Takakura, 2016; Ksenofontov et al., 2017; Anderson et al., 2018; Bogdanova et al., 2021, in arid and semi-arid regions; Kowal et al., 2021; Liang et al., 2021; Amarsanaa et al., 2022).
A landscape can be considered to consist of multiple layers, including the atmosphere (e.g., weather and air quality), water (e.g., floods and water shortages), living things, nutrients (e.g., soil and water quality), livelihood (e.g., cultivation and livestock farming), land cover and land use, and society (e.g., tradition, culture, and faith), where each layer has seasonal and annual changes and is interdependent with other layers. Consider an example that demonstrates spatio-temporal changes in society and climate in a landscape at a 100–10,000-year scale (e.g., deMenocal, 2001; Tange, 2010; Nishino, 2019; Inamura et al., 2022; Ding et al., 2023). First, rapid climate change affects the geographical distribution of plants and their species compositions and then alters the geographical distribution of animals (Matthews et al., 2011; Boit et al., 2016; Pecl et al., 2017; Yasuda, 2017; Nishino, 2019; Zemeng et al., 2020; Chust et al., 2023). This negatively impacts people who depend on hunting and fishing for their livelihood, and they are forced to begin cultivating crops, livestock farming, and building settlements to adapt to the new landscape. As a consequence, the natural environment is converted into human-made land cover and land uses, such as cultivated areas and pastures. The necessity for cooperative works and accumulation of property lead to the emergence of a governing class and the organization of a state (Inamura et al., 2022). People’s lifestyles become more affluent, the population grows, and culture is physically and intellectually developed (Yasuda, 2017; Nishino, 2019; Inamura et al., 2022). However, dramatic landscape changes caused by overuse of the ecosystem can cause detrimental changes to the habitat and climate (Secretariat of the Convention on Biological Diversity, 2020; IPCC, 2021). As a consequence, vulnerability to disasters increases, and people must adapt to and mitigate against climate and environmental changes (European Environment Agency, 2017; Abbass et al., 2022). In this way, the landscape is an intersection between nature and society in a complicated system (Onishi, 2023).
Currently two main approaches are used to understand temporal changes in the relationship between people and the landscape. First, the conventional “field work” approach can be used to determine external and internal spatio-temporal variability in a landscape on a scale of seasons to years. Ethnographical investigation is an example of a method used in the field. For example, Hiroki Takakura identified the relationship between the livelihood (e.g., cattle breeding) of an indigenous people and a pastoral landscape under climate change by performing field work in the Sakha Republic in Siberia (Takakura, 2010; 2012). In this area, a flood plain of the Lena River, horse ranching is conducted in grassland areas and “alas” distributed on top of a riverine terrace, which is a typical feature in the permafrost that consists of lake and grasslands. In addition, hunting, fishing, and picking of berries and mushrooms is done in and around the Taiga forests (Takakura, 2016; Ksenofontov et al., 2017; Fujioka et al., 2020; Takakura et al., 2021). This type of knowledge is extremely useful, particularly in the analysis and interpretation of satellite image data. For example, Onishi (2018) tried to identify the ethnography of the Nanai ethnic group in Primorye, Russia, by comparing the outcomes of in situ interviews with satellite data observed by the U.S. reconnaissance satellite CORONA in 1960s and Japanese earth observing satellite ALOS in 2010s. In particular, he focused on land cover and land use changes between 1960s and 2010s. However, conducting long-term continuous field work is extremely difficult logistically and expensive. Likewise, the interviews can be subject to a bias; that is, the results may not represent the general situation and may have what we call a “representative” gap. In addition, events such as pandemics and military conflicts can impede field work. It is also hard to conduct long-term continuous investigations over a wide area, so this approach may also have what we call “temporal” and “spatial” gaps.
Satellite observation is a second conventional approach. It can detect the spatio-temporal variability of land surface changes in the landscape at a large scale (from local to regional) on a scale of seasons to decades. Recent technological developments have dramatically increased the spatial resolution and temporal frequency of satellite observations (Moon et al., 2021; Wu et al., 2021; Shin et al., 2023a; 2023b; Wang et al., 2023). When a disaster occurs, detailed data on damage caused by landslides, floods, and tsunamis can be obtained with optical sensors and synthetic aperture radar (SAR) onboard satellites (Rao and Lin, 2011; Huyck et al., 2014; Boschetti et al., 2015; Miura and Nagai, 2020; Li et al., 2021). The Landsat satellite series has accumulated a long-term high-quality data record that allows for the mapping of year-to-year variability of deforestation at a spatial resolution of 30 m (Hansen et al., 2013). The advent of optical sensors with high temporal and spatial resolution has made it possible to observe flowering phenology at an almost individual-tree scale in a tropical rainforest where seasonality is not well understood (Miura et al., 2023). In addition, the development of SAR allowed the estimation of the spatio-temporal distribution of ecosystem structures and above-ground biomass (Laurin et al., 2017; Abbas et al., 2020; Najib et al., 2020). By deriving the RGB composite images, vegetation indices, and the leaf area index from spectral data obtained with optical sensors and SAR, researchers can detect the spatio-temporal distribution of land cover and land use, plant phenology (e.g., timing of leaf-flushing and leaf-falling), and above-ground biomass in the landscape (Barbosa et al., 2015; Buitenwerf et al., 2015; Dronova and Taddeo, 2022; Shin et al., 2023b). In addition, researchers have used night-light data obtained by the VIIRS sensor onboard the Suomi NPP satellite to depict the spatio-temporal distribution of economic activities and the recovery from an electrical power outage from a typhoon at a 500-m spatial resolution (Román et al., 2019; Hu and Zhang, 2020; Elvidge et al., 2021).
However, to truly understand these changes, ground-truth data obtained from in situ observations and field work are needed, as well as fundamental knowledge of various fields of study (Shin et al., 2023b). As a matter of course, satellite observations cannot directly detect personal attributes such as gender, age, race, faith, livelihood, and economic conditions that account for the vulnerability and resilience of people in the face of social and climate changes (Ford et al., 2020; Roy et al., 2022). In other words, satellite observations only detect surface changes in the landscape as digitized signals. Even if the accuracy and spatial, temporal, and spectral resolutions of sensors and radars onboard satellites increase, satellite observations will never directly describe the multiple layers that constitute the landscape as we previously described it. In particular, social and economic viewpoints are needed to account for anthropogenic activities. In this sense, the satellite observation approach has an “interpretability” gap. In addition, the history of earth-observing satellites is only 50 years, and older data are subject to higher uncertainties and more noise due to the inaccuracy of earlier sensors and observation systems (Shin et al., 2023b). In this sense, the approach also has a temporal gap.
In this perspective and review paper, to develop our understanding of temporal changes in the relationship between people and the landscape on a scale of seasons to centuries, we propose the following three approaches to bridge the gaps identified in the conventional approaches: (1) text mining of historical documents and data, (2) video mining, and (3) social sensing. We discuss the utility, limitation, uncertainty, and perspective of each of these proposed approaches by presenting examples of the approaches applied to two areas of Northeast Asia (Japan and Eastern Siberia). In these regions, despite abundant records, invaluable knowledge obtained from records has not yet been sufficiently published internationally due to the language barrier, which is discussed later. To resolve this issue, we focus on these regions. In Section 2, we outline each proposed approach, and in Section 3, we evaluate temporal changes in the relationship between people and the landscape by applying the proposed approaches to specific examples. Then, in Section 4, we discuss the effective integration of the two conventional and three proposed approaches, and in Section 5, we offer concluding remarks. The aim of this perspective and review paper is that we discuss how to develop our understanding of temporal changes in the relationship between people and the landscape under societal and climate change in Northeast Asia by applying the integration of the two conventional and three proposed approaches.
2 OVERVIEW OF THE THREE PROPOSED METHODS
2.1 Text mining of historical documents and data
With the text mining of historical documents and data approach, we search for records and numerical data that apply to each component layer of the landscape in old handwritten or printed documents, books, and statistics and then extract useful information by analyzing the spatio-temporal variability of the records (Burgdorf et al., 2023). Historical documents and data are part of the so-called “historical dark data” (Easterday et al., 2018; Kelly et al., 2022). In this perspective and review paper, text mining means both the visual inspection of historical documents and data, as well as computer analyses. For example, in Japan, we can access digitized historical documents and converted PDF files of old books, old diaries, field notes, and statistics on the Web sites of museums, universities, research institutes, and the National Diet Library (e.g., Japan Search: https://jpsearch.go.jp/; Digital collection of the National Diet Library: https://dl.ndl.go.jp/en/; video and sound materials at the National Ethnology Museum: https://htq.minpaku.ac.jp/menu/database_eng.html; the record of field work conducted in Africa, Middle East, Asia, and Oceania during the 1960s and 2010s by a team from Kyoto University in Japan: https://fieldnote.archiving.jp/, Yamada, 2015; Shin et al., 2023a). In previous studies, the paleoclimate before the advent of historical metrological observations was estimated by text mining of records related to flowering phenology of cherry (Aono and Kazui, 2008; Aono, 2015; Shin et al., 2022c), and herbaceous peony and rabbit-ear iris (Aono and Nishitani, 2022), harvest (Garnier et al., 2011; Kiss et al., 2011; Možný et al., 2012), weather, and disasters (Zaiki and Mikami, 2013; Zaiki et al., 2014; Hirano et al., 2018; 2022; Chen et al., 2020; Burgdorf et al., 2023). However, historical documents and data also include various kinds of records such as land cover and land use, forests, fisheries, agriculture, livestock farming, business transactions, tax payments, and economic policy (Büntgen et al., 2012; Daux et al., 2012; Brázdil et al., 2016; 2018). Therefore, it is possible to estimate livelihoods and era by analyzing these records. In addition, the records of habitats and phenology of animals and plants provide useful fundamental data to estimate the past environment and climate (Ellwood et al., 2010; Primack and Miller-Rushing, 2012; McClenachan et al., 2015; Beans, 2018; Shin et al., 2024b). Isotope chronologies in tree-ring cellulose can be used to identify the year of important events, which can be useful in bridging the temporal gap (Liu et al., 2017; Nakatsuka et al., 2020; Nakatsuka, 2021). Historical documents and data are, however, superior to these isotope chronologies because they can identify the exact date of the events and offer much more insight into people’s lives at that time.
This approach does have some limitations, however. First, the quantity and quality of records gradually decrease farther back in time (e.g., Central Meteorological Observatory, 1941; Social services department in Tokyo Prefecture, 2004; Nakatsuka, 2021). Current digitized data and converted PDF files represent only part of the existing historical documents, data, books, and statistics (Shin et al., 2022c). This situation is caused by the high labor cost of digitization, limitations imposed by copyright policies and terms of use for data, and technical issues related to digitization of data (i.e., optical character recognition). Therefore, at present, it is not possible to access all historical documents and data, old books, old diaries, field notes, and statistics electronically via the Internet or any other means (i.e., they are not digitized). In addition, most old books, field notes, and statistics are owned or controlled by local libraries and museums or by individuals. These books and data need to be surveyed on site because much of the material has not been digitized (Shin et al., 2024b). The contents of historical documents and data, old books, old diaries, field notes, and statistics depended on the purpose, interests, and societal position of editors and authors. In particular, the contents of private documents such as old diaries and field notes may be considered to be affected by author’s capricious feeling and interests, and variation of experience.
Second, with this approach, we are often confronted with language barriers because historical documents and old books are written in local languages (e.g., Central Meteorological Observatory, 1941; Social services department in Tokyo Prefecture, 2004; Ge et al., 2008; Chen et al., 2020; Shin et al., 2024b). In other words, there are many cases in which English cannot be used (Amano et al., 2016). In addition, even if a researcher can understand each local language, handwritten archaic words still can impose language barriers (Shin et al., 2024b). For this reason, researchers using this approach must understand each local language. They must also visit local libraries and museums to find useful information from historical documents and data by applying their expertise and experience. However, recently published online metadata, such as bibliographies and lists of owners, can help to save labor and provide useful information prior to a detailed literature examination. Supporting computer applications that can aid researchers who lack certain kinds of expertise (e.g., some AI applications can decipher handwritten archaic words) are being developed to help researchers better understand the contents of historical documents (e.g., “miwo: App for AI Kuzushiji Recognition”, Center for Open Data in the Humanities: http://codh.rois.ac.jp/miwo/index.html.en).
In summary, despite requiring immense amounts of time and labor, the text mining of historical documents and data approach allows researchers to obtain various kinds of information for a given period, region, and field of study for a wide range of temporal (from a seasonal to century) and spatial (from a single location to regional) scales. For this reason, the approach is useful in filling in temporal, representative, and interpretability gaps.
2.2 Video mining
The video mining approach can be used to search for descriptions, interviews, narrations, and backgrounds of photos and videos for each component layer of the landscape from photographs, TV programs, and documentary cinema. Video materials are also considered to be historical dark data.
Efforts have been made using photographs to better understand temporal changes in the landscape by comparing past and current landscape conditions (i.e., time-layered photographs; e.g., the “Time-layered photographs project in Muroran OpenPhoto”: https://openphoto.app/c/cfmuroran; Okinaka and Fukuda, 2000; Shimizu, 2008; Maruyama and Michishita, 2011). In some projects (e.g., “Dear photographs”: https://dearphotograph.com/), photos have been used to understand the development of cities, customs, and culture. Photographs taken by folklorists and botanists can be useful because their targets range from urban districts to rural and remote districts. For instance, the Japanese folklorist Tsuneichi Miyamoto (1907–1981) left behind about 100,000 photographs taken during field work in Japan (Tsuneichi Miyamoto database: http://www.towatown.jp/database/; Matsuo, 2004; Miyamoto, 2009a; Miyamoto, 2009b). To compare past and current conditions in photographs, detailed geolocation and timestamp information is required, and Miyamoto supplied this information in his diary and notes (Miyamoto, 2009a; 2009b). An eminent British plant hunter, Ernest Henry “Chinese” Wilson (1876–1930), took photographs of cherry flowering in 1914 at many famous spots in Tokyo (Furui, 2019). Despite being monochrome, his photos show detailed cherry flowering along with attribution information such as the scientific name of the cherry species, geolocation, timestamp, tree height, tree perimeter, and so on. For this reason, we can easily compare these past conditions with current ones (e.g., the timing of cherry flowering) by taking new photographs in the same locations (Furui, 2019).
The contents of TV programs and documentary cinema include various themes such as ethnography, regional customs and folk arts, climate change, nature, disaster, and social problems (Youngs, 1985; Fernández-Bellon and Kane, 2020; Henley, 2020; Shin et al., 2022b; Kotani et al., 2023). They can provide useful information to understand the personal traits of a particular era (e.g., family values, gender roles, and age and racial traits). However, the video mining approach does have limitations. The geolocation and shooting date cannot be identified in many old photos and video material (Shin et al., 2022b), and old video materials may include inappropriate descriptions and contents from the viewpoint of current morals and values. The contents of video materials may also include biases influenced by the creator’s purpose and intent (Kotani et al., 2023).
Despite the uncertainties and usage limitations of video and photo materials, the video mining approach has an advantage that it can be used to minutely examine people’s lives and traits in a landscape over the past 100 years from a daily to century timescale and from a single location to community spatial scale. For this reason, this approach may be considered useful to remove the temporal and interpretability gaps.
2.3 Social sensing
With digital communication tools such as social networking services (SNS; e.g., Twitter [now X], Instagram, Facebook, and Flickr), video sharing sites (e.g., YouTube), and statistical tools of search engine services (e.g., Google Trends: https://trends.google.com/; Yandex statistics: https://wordstat.yandex.com/, a popular search engine in Russia; hereinafter, referred to as GT and Yandex, respectively) (Arthur et al., 2018; Wang et al., 2019), we search for people’s interests, emotions, and state of landscape in near and real time. In this paper, we excluded WhatsAPP and Line because their communication contents are not published on the Internet.
In an analysis of Twitter and Facebook data, which mainly consist of text, we can visualize people’s interests by analyzing the frequency of terms and network graphs of morphemes, as well as examine people’s emotional states by analyzing the context (Arthur et al., 2018; Shin et al., 2021; Albahli, 2022; Malik et al., 2022). People’s interests cover various kinds of fields, such as politics, the economy, culture, nature, disaster, and society, and these interests can be considered to represent the relationship between people and the landscape in a given era. Researchers can also refer to the images linked to the main text (Silva et al., 2018).
In an analysis of Instagram and Flickr data, which mainly consist of images, we can examine the spatio-temporal distribution of a wide variety of people’s interests, such as foods, tourism, butterfly migration, flowering phenology, and recreational activities, by referring to the attribute information of the shooting date and geolocation (Stafford et al., 2010; Yoshimura and Hiura, 2017; Song et al., 2020; ElQadi et al., 2021; Fitchett et al., 2022; ElQadi et al., 2023; Shin et al., 2024a). Similarly, in an analysis of YouTube videos and other data, we can study people’s interests and records in a wide range of topics (Michelsen et al., 2016; Dylewski et al., 2017; Lewis and Park, 2018; Sbragaglia et al., 2022; Vins et al., 2022; Herrera et al., 2023; Shin et al., 2024a).
In search engine analyses, researchers can examine temporal changes in people’s interests for a search term and time period by using the “relative search volumes” (RSV) in GT, which are relative values (from 0 to 100) for a given time period, and the “impressions” scores for Yandex, which are absolute values (Stephens-Davidowitz and Varian, 2015; Shin et al., 2022a). Examples of this kind of study include topics such as temporal changes in cherry flowering phenology (Shin et al., 2022d), utilization of berries (Kotani et al., 2021; Shin et al., 2022a), demand for mushrooms (Diaz-Balteiro et al., 2023), appearance of insects (Takada, 2012), the COVID-19 pandemic (Mavragani and Gkillas, 2020; Amusa et al., 2022), and pollens that trigger seasonal allergies (Hall et al., 2020; Iinuma et al., 2020). GT provides search by country and region, whereas Yandex provides impressions scores for a variety of administrative units (continent, country, region, city, and Russian administrative wards). In a GT analysis, we can search by term and topic. In the search by term, GT provides search results for queries in a given language. In contrast, in the search by topic, predefined thematic headings can be selected and ambiguity in search terms can be avoided. In this case, GT provides search results for queries in all languages, including a given language. For more information about GT and Yandex analyses, please see Kotani et al. (2021) and Shin et al. (2022a).
The social sensing approach also has limitations. It excludes people who cannot or will not connect to the Internet. We also cannot identify personal attributes such as age, gender, occupation, and race (Lopez et al., 2019; Shin et al., 2022a). Moreover, there is potential bias with social media users because of the characteristics of country, region, age, and so on. In addition, the contents of Twitter, Facebook, Instagram, Flickr, and YouTube often include falsehoods and ethical issues (i.e., hate claims, and slander and libel against specific individuals or groups) (Al-Rawi et al., 2021; Albahli, 2022; Leahy et al., 2022; Toliyat et al., 2022; Wang et al., 2022). They also are limited and contain uncertainty caused by a lack of clarity in the terms of use for data and copyright, and Twitter, Facebook, and YouTube lack exact geolocation information unlike Instagram and Flickr (Shin et al., 2021; 2024a). GT also includes uncertainty caused by changing analytical specifications, which have changed at least three times (https://trends.google.com/trends/). As a result, as the target period of study goes farther into the past, the quality of the RSV data gradually decreases (Shin et al., 2022d).
Despite these issues, the social sensing approach can be used to examine people’s interests and emotions, and state of landscape over a wide-area scale by studying a tremendous number of samples that could never otherwise be collected by conventional approaches (e.g., interviews or questionnaire surveys). For this reason, this approach is useful to bridge the spatial, representative, and interpretability gaps over a wide range of temporal (from a seasonal to decadal) and spatial (from a single location to regional) scales.
3 EXAMPLE APPLICATIONS OF THE THREE PROPOSED APPROACHES
In this section, we present application examples of each proposed approach and discuss the utility, limitation, and perspective of them. We selected the Yamagata Prefecture, located in the northeastern part of Japan, from 17 to 20 centuries, Eastern Siberia in the late 1980s, and Eastern Siberia in the early 2020s as the target landscapes to show the text mining of historical documents and data, video mining, and social sensing approaches, respectively. There are a lot of old documents related to disaster and rice harvest in Japan; drastic societal changes had occurred in Eastern Siberia where many indigenous people live and vulnerability of ecosystem to climate and societal changes is very high; and many indigenous people who have traditional livelihoods still live in the region today. The geographical locations of three case examples are shown in Figure 1.
[image: Figure 1]FIGURE 1 | Location and region map of Northeast Asia showing case examples of our proposed three approaches. Boundaries, rivers, and lakes are from Natural Earth (http://www.naturalearthdata.com).
3.1 Text mining of historical documents and data
We show an example of text mining of historical documents and data for information regarding the relationship between the rice harvest, past disasters, and extreme climate events in Yamagata Prefecture, located in the northeastern part of Japan (Figure 1). We searched for records on these topics from 1,640 to 1,971 in the “Disaster Chronology in Yamagata Prefecture” (Yamagata Local Meteorological Observatory, 1972) and then examined their interrelationships. We were able to access the converted PDF version of the chronology in the Digital Collection of the Japanese National Diet Library (https://dl.ndl.go.jp/en/), but registration was required to access this file. In this chronology, we were able to find past records of disasters, extreme climate events, celestial events, famine, rice harvests, and other information since AD 577. Except for the rice harvest, these records mainly only exist since after establishment of the centralized government (AD 645) in other areas of Japan (e.g., Central Meteorological Observatory, 1941; Social services department in Tokyo Prefecture, 2004). However, literature that recorded annual rice harvest is rare for a long period. We were only able to find two other records of the annual rice harvest in Suwa region in central Japan from 1,690 to 1,960 (Kobayashi, 1962) and in Ishikawa region in central Japan from 1,626 to 1,866 (Ishikawa Agriculture and Forestry Department and Kanazawa weather station, 1961). Therefore, it is generally difficult to accurately evaluate the year-to-year variability of rice harvest.
In Yamagata Prefecture, bad and very bad harvests occurred often before 1850, while moderate, good, and excellent harvests occurred often after 1850 (Figure 2). Specifically, very bad harvests occurred three times during each of the decades 1681–1690, 1741–1750, 1771–1780, 1791–1800, and 1821–1830 and four times during each of the decades 1701–1710 and 1831–1840. In Japan, three great famines occurred in 1732 (Kyoho), 1782–1787 (Tenmei), and 1833–1836 (Tenpo). During these periods, very bad and bad harvests also occurred in Yamagata Prefecture. In contrast, excellent and very excellent harvests occurred four or more times during many decades during the study period (four: 1671–1680 and 1961–1970; five: 1841–1850, 1881–1890, 1901–1910, 1911–1920, 1921–1930, 1931–1940, and 1951–1960; six: 1871–1880).
[image: Figure 2]FIGURE 2 | Historical records of the rice harvest in Yamagata obtained from “Disaster Chronology in Yamagata Prefecture”.
To identify the factors that account for changes in the rice harvest, we examined the relationship between the rice harvest and past disasters and extreme climate events by using cross tabulations (Figure 3). A statistically significant Cramer’s V coefficient was shown in years with a cold summer (V = 0.23, p < 0.05), little rain and drought during the rainy season (V = 0.25, p < 0.01), heavy rain (V = 0.24, p < 0.001), heavy snow (V = 0.23, p < 0.01), insect damage (V = 0.34, p < 0.001), and a long spell of rain (V = 0.40, p < 0.001). Extremely bad harvests mainly occurred in years with a cold summer, insect damage, and long spells of rain. In contrast, extremely excellent harvests mainly occurred in years with little rain and drought during the rainy season, heavy rain, and heavy snow (Figure 3). Years with a cold summer occurred 12 times more often than those without (odds ratio, p < 0.01). Similarly, compared to years without insect damage, years with insect damage occurred 7 times more often (p < 0.001), and years with a long spell of rain occurred 7 times more often than those without (p < 0.01). These results indicate that the probability of an extremely bad harvest increased during times with low temperatures and long spells of rain during the growing season or in the case of insect damage. Previous studies reported that low temperature during the summer and plant damage due to planthoppers were the main factor related to extremely bad harvests (Yamagata, 1950; Yamagata, 1968; Yamagata Local Meteorological Observatory, 1992; Ikeuchi, 1994; Nakatsuka, 2021).
[image: Figure 3]FIGURE 3 | Cross tabulations of the rice harvest and the occurrence of typical disasters and extreme climate events from 1,640 to 1,971 ((A): cold summer, (B): drought, (C): heavy rain, (D): heavy snow, (E): floods, (F): damage from insects, (G): long rain, (H): disease). The height and width of each bar is in proportion to the total (i.e., wider and taller are larger).
Despite modern countermeasures against extreme climate events (e.g., maintenance of irrigation facilities and improved rice cultivars), decreased temperature during the growing period of rice plants still causes bad harvests in the Tohoku region, located in the northeastern part of Japan and including Yamagata Prefecture. In fact, a bad harvest occurred in 1993 because of a cold summer (Inoue, 1993). On the other hand, if irrigation facilities are sufficiently maintained, little rain during the growing period of rice plants need not have a negative effect on the growth of rice plants, and the probability of having an excellent rice harvest may be increased. Heavy rains may make up for water shortages, but they have other negative effects such as inundation and runoff from rice field. Heavy snow may also reduce water shortages before the rice-planting season, but it is unlikely to have a direct impact on the growth of rice plants. For these reasons, uncertainty still remains on the effects of heavy rain and snow on the rice harvest.
Despite location limitations in the available data, we were able to understand the relationship between rice growing and climate on a century scale by text mining of past records of disasters, extreme climate events, and rice harvests. We need to further examine the relationship between our results and literature that accounts for social and personal issues in this time period. As a next step to further research in this area, bibliographic survey should be conducted at local libraries and museums through cooperation of local history experts. Records related to work on the rice harvest, famine relief, and annual changes in the amount of rice collected as farm rent from peasants should be useful.
3.2 Video mining
We show an example of the video mining approach applied to the relationship between people and the landscape in Eastern Siberia (Figure 1) in the perestroika era at the end of the 1980s. Here, we concisely summarize the results of Shin et al. (2022b). To this end, we watched 3 documentary TV programs broadcasted on the Japan Broadcasting Corporation (NHK) in 1989. We selected 3 episodes of the documentary “NHK Special: The Arctic Circle” (Arctic-NHK large documentary [volume 2], 1989; Arctic-NHK large documentary [volume 3], 1989). We applied the “NHK archives academic use trial” (https://www.nhk.or.jp/archives/academic/; Miyata and Toriyabe, 2018; Shin et al., 2022b; Kotani et al., 2023) and then watched the TV programs while complying with the usage terms stipulated by this system. Users of this trial are strictly prohibited from copying or photographing any of the TV programs. Requests for captured still images can be made to the secretariat of the trial. For this reason, we took notes on the contents in each program. In the following paragraph, we summarize the characteristics the documentary TV programs (Shin et al., 2022b).
The episode: “The permafrost region in Siberia and exploration of the graveyard of mammoths”, focused on the competition to find mammoth tusks, which were important resources to acquire foreign currencies, among government agency, scientists and local people. Featured locations mainly included the northern part of the Republic of Sakha (formerly the Yakut Autonomous Soviet Socialist Republic), where permafrost covers. The episode: “Pursuit of the last 20 genuine Yukaghir—Arctic ethnic policy of the Soviet Union” focused on the lives of the children of nomadic peoples in Chukotka and Yukaghir hunters under the Soviet planned economy and ethnic polices. Featured locations mainly included Chukotka (now the Chukotka Autonomous Okrug) and the Yukaghir village, where are located in the northern east part of the Republic of Sakha. The episode: “The main artery in Siberia—traveling down the Lena River under the midnight sun” focused on a cruise of the freighter on the Lena River route and the Yakutian people who visited their traditional festival “Osuokhai” grounds. Featured locations mainly included from the upper reaches to the lower reaches of the Lena River, as well as Suntar Village on the Vilyuy River.
Despite the limitations imposed by only having a small number of documentary TV programs, we were able to identify changes in the relationship between people and the landscape in Eastern Siberia during a period of transition from the planned economy of the Soviet Union to the challenge of perestroika by using this approach. As a next step to further research in this area, other documentary TV programs and other video material focused on Eastern Siberia should be viewed to improve our understanding of the relationship between people and the landscape in this area. YouTube videos related to records of the past (e.g., “Old Yaktsk”: https://www.youtube.com/channel/UCjvpc_q6ynA6NPbDD1JOuKQ; Shin et al., 2022b) should be useful.
3.3 Social sensing
We show an example of using the social sensing approach in an examination of people’s interests in search terms that include the components of the multiple layers of the Eastern Siberian landscape (Figure 1). We used GT (from May 2018 to May 2023) and Yandex (from March or April 2021 to February or March 2023) to search a total of 320 typical terms categorized into 14 components (animal, ethnicity, famous person, festival, fish, food, island, lake, leisure and sports, mountain, plant, river, tourism, and weather) in Russian. These terms were selected by referring to the Web sites (e.g., http://www.sentstory.ru/yakutiya/[in Russia]) and literature (e.g., Borisova et al., 2017; Ignatieva, 2019; Andrianova, 2021). For GT, we searched for target terms by topic if possible. We then visually inspected the seasonality of time-series in RSV values for GT and in impressions scores for Yandex. For searching with GT, we set the target region of search terms to Russia. With Yandex, the results include all of Russia and some other countries. We examined whether each search term (categorized into 14 components) showed seasonality or not by using cross tabulations (Figure 4). For many components, the ratio of the search terms with seasonality to the total for Yandex was higher than that for GT. The components categorized as festival, fish, island, and plant had the highest ratios. These results indicate that the seasonality of Russian people’s interests is reflected in phenology, traditional events, and weather.
[image: Figure 4]FIGURE 4 | Cross tabulations of the seasonality of (A) RSV values for GT and (B) impressions scores for Yandex for 320 typical search terms in the Eastern Siberian landscape, which were categorized as 14 components. The height and width of each bar is in proportion to the total (i.e., wider and taller are larger).
Despite the limitations related to the use of search terms, we were able to identify characteristics of the seasonality of people’s interests in various components of the Siberian landscape by using GT and Yandex. Useful additional research would include a detailed examination of the relationship between our results and the seasonality of people’s interests on other social media, such as Twitter and Instagram. YouTube videos related to tourism, cooking, delicious food, fishing, and gardening, and online market sites should be useful. As a next step to further research in this area, deepening our understanding of the characteristics of traditional culture and manners for each indigenous group, and their integration into the current Russian culture and manners.
4 INTEGRATION OF CONVENTIONAL APPROACHES AND THREE PROPOSED APPROACHES
In this section, we discuss effectively connecting the two conventional approaches and three proposed approaches to fill in the temporal, spatial, representative, and interpretability gaps. In addition, we discuss the next challenge based on this effective connection. The relationship among these gaps in the two conventional approaches by integrating the three proposed approaches is summarized in Figure 5. Here, we also discuss how to select the appropriate integrated analysis to minimize each gap according to the specific purpose.
[image: Figure 5]FIGURE 5 | Relationship among removable gaps in the two conventional (field work and satellite observation) approaches by integrating three proposed (text mining of historical documents and data, video mining, and social sensing) approaches. T: temporal, S: spatial, R: representative, and I: interpretability gaps.
4.1 Text mining of historical documents and data, and video mining
The text mining of historical documents and data and video mining approaches may be considered to have the following four advantages. First, these two approaches can provide detailed data about the historical background of society and nature in a target landscape, as well as on temporal changes, which improves our understanding based on the field work approach alone (Shin et al., 2022b; Kotani et al., 2023). These two approaches, therefore, contribute to reducing temporal, representative, and interpretability gaps in our understanding based on the field work approach. Second, text mining of historical documents and data and video mining provide data about land cover and land use change before the satellite era (i.e., before 1972; e.g., Debussche et al., 1999; Yang et al., 2014). In addition, they can provide physical parameters that cannot be detected by satellite observations because of insufficient spatial and spectral resolution of optical sensors and radar. They can provide ground-truth data, which are utilized for validation and eco-physiological and hydrological interpretations of satellite data. In this way, these two approaches play a role in the removal of the temporal and interpretability gaps. Third, these two approaches provide detailed data about people’s interests in tradition, culture, and custom that can be used to enhance interpretations based on social sensing data alone and thereby reduce the interpretability gap. To select an analysis target by social sensing, researchers first require fundamental background knowledge of traditions, culture, customs, and society. This knowledge can be obtained via text mining of historical documents and data and video mining (Kotani et al., 2023; Shin et al., 2024b). Forth, these two approaches complement each other. Text mining of historical documents and data provides detailed data about changes related to climate, livelihood, and society for a target area that can be used to reduce temporal and interpretability gaps in our understanding based on the video mining approach alone. Similarly, video mining provides detailed evidence about personal traits in a given area and time period (Kato et al., 2018; Kotani et al., 2023), which can reduce the interpretability gap in our understanding based on text mining alone.
4.2 Social sensing
The social approach may be considered to have the following three advantages. First, this approach provides data related to people’s interests and emotions based on a huge number of samples from the Internet (Wood et al., 2013; Tenkanen et al., 2017; Toivonen et al., 2019; Fernández-Bellon and Kane, 2020; Khan et al., 2022). With its large base of data, it can help reduce the spatial and representative gaps in our understanding based on field work alone. The use of such digital data is also getting incorporated into fieldworks in ethnography and geography studies (e.g., Beneito-Montagut et al., 2017; Airoldi, 2018). However, as previously noted, the social sensing approach cannot directly evaluate detailed information related to personal attributes. For this reason, results obtained using this approach may include uncertainties if people’s interests and emotions are affected by certain personal characteristics. However, given the almost ubiquitous nature of smartphones and the Internet in the modern world, the analysis of human communication in cyberspace is a useful approach to remove the interpretability gap in our understanding based on field work alone. Second, this approach provides data on the spatio-temporal distribution of phenology (Kotani et al., 2021; Shin et al., 2022a; 2022d; Fitchett et al., 2022), which can be estimated from the seasonality of people’s interests in foods, events, and recreation (i.e., cultural ecosystem services), as well as ground-truth data for disasters (e.g., Fohringer et al., 2015; Khan et al., 2022) to enhance our understanding based on satellite observations. The potential of spatial analysis utilizing social sensing data is found in, for example, detecting landscape value (van Zanten et al., 2016) and users’ mobility patterns in urban (Soliman et al., 2017). As a consequence, this approach contributes to reducing interpretability gap in our understanding based on the satellite observation approach alone (Soliman et al., 2017). A typical example of this type of use is the spatio-temporal distribution of people’s interests in cherry flowering and leaf coloring in Japan (ElQadi et al., 2021; Shin et al., 2021; 2022c; ElQadi et al., 2023). Third, despite limitations on the period of analysis (e.g., only the past several years), this approach provides an immense amount of data about people’s interests in tradition, culture, and customs, as well as temporal changes in these interests. This kind of information can augment that obtained by text mining and video mining to remove spatial and interpretability gaps in our understanding based those approaches alone.
4.3 Next challenge
What kind of breakthrough will it bring by the effective connection between the two conventional approaches and three proposed approaches? We believe that it should allow us to deeply understand the process of people’s adaptation and mitigation to societal, climate and environmental changes from an internal and external viewpoint. Let us take, as an example, a recent huge earthquake (magnitude 7.6) and tsunami event (maximum run-up height 5.8 m at Joetsu City in Niigata Prefecture) that occurred in the Noto region, located in the central part of Japan, on 1 January 2024 (https://www.jma.go.jp/jma/en/2024_Noto_Peninsula_Earthquake/index.html; https://www.jma.go.jp/jma/press/2401/26a/20240126_tsunamichousakekka.pdf). The coastline in the northern part of the Noto Peninsula (faced to Japan Sea) has receded by about 250 m at maximum due to bumps of the seabed (eastern part of Kaiso Port; https://www.eri.u-tokyo.ac.jp/en/news/5994/). The landscape in the Noto region is referred to as a sustainable Satoyama and Satoumi landscape, is very famous, and is recognized as the world agricultural heritage site (https://www.fao.org/giahs/giahsaroundtheworld/designated-sites/asia-and-the-pacific/notos-satoyama-and-satoumi/en/; Hashimoto et al., 2015). Until now, Japanese people and landscape have periodically been impacted and damaged by disasters such as huge earthquakes, tsunami, and floods since time immemorial. After each disaster event, people overcame and reconstructed their livelihood and society. However, the Noto region has a small, aging population (about 0.34 million with the high rate of aging of 34.6% as of 2015; https://www.pref.ishikawa.lg.jp/shinkou/hantou/index.html, in Japanese). Although fishery and agriculture have been people’s livelihood, culture, and local society in this region on a scale of centuries to millenniums, there are concerns that the reconstruction plan as same as conventional one may not be applied to the Noto region because of local characteristics of social background and directionally of decision making. To deeply understand the past adaptation to societal, climate and environmental change in the Noto region and to implement future adaptation planning, the effective connection between the two conventional approaches and three proposed approaches should be useful.
5 CONCLUSION
To remove the temporal, spatial, representative, and interpretability gaps in the conventional two approaches, field work and satellite observations, in the studies on relationship between people and the landscape, we proposed additional three approaches: text mining of historical documents and data (mining for handwritten or printed old documents, books, diaries, field notes, and statistics), video mining (mining for descriptions, interviews, narrations, and background of photos/video), and social sensing (observing real-world events by using digital communication tools such as social networking services, YouTube, and Google Trends). Despite limitation due to labor-intensive work, uncertainties, and data policy, text mining of historical documents and data, and video approaches can be useful to remove the temporal, representative, and interpretability gaps. Despite requirement of careful consideration in terms of data quality and ethical issues, the social sensing approach can be useful to reduce the spatial, representative, and interpretability gaps. Integrated analyses including the field work, satellite observation, and our proposed three approaches can deepen our understanding of the relationship between people and the landscape on a scale of seasons to centuries, particularly in times of social and climate change. To predict the future relationship between people and the landscape will require an evaluation of vulnerability and resilience against social and climate change while simultaneously considering the historical, cultural, and social background of any given area or time period. A new transdisciplinary study that integrates anthropology, sociology, informatics, history, and natural sciences will be established by the development of our proposed integrated analytical approaches.
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