S2 File.
Land Use Classifications
LU1: No Human Land Use 
This category is narrowly defined as locations for which there is a demonstrable lack of human inhabitation. It is reserved for areas where the preponderance of evidence points to a complete absence of humans. No human land use should also be used for land that was underwater during the time period in question due to sea level change or other hydrological changes. This category should not be used if people are in the general area. If people are in the general area, then the extensive or minimal land use category should instead be used.  

Examples: Uncolonized island systems, high elevation areas, or extreme environments such as Antarctica; zones that were under water due to sea level or other hydrological changes (e.g., southern Iraq under the Persian Gulf at ca. 6 kya, see main text). 

There are no LU2 classifications for this category.
LU1: Extensive/Minimal Land Use
This category is used for land in which humans are assumed to be present but in a scattered or transitory way that is typically not part of their major subsistence system. The category is best defined through the series of examples listed below; most of these are areas that had roads or routes through which people traveled between other more intensively used locales. 

Examples: Mountain ranges with access routes or evidence of exploration but not inhabitation (e.g., the Ice Man in the Alps); deserts surrounding oases; wetlands without evidence for habitation; sacred natural areas; burial grounds; conservation areas.

There are no LU2 classifications for this category.
LU1: Agriculture
This category describes the cultivation of domesticated crops exclusive or inclusive of the rearing of livestock and use of wild resources [1]. The category incorporates all forms of plant cultivation involving active human participation, including planting, breeding, crop protection, and harvesting. It includes ‘mixed farming’ and ‘agropastoral’ systems in which domesticated animals are maintained alongside plant crops. We also include livestock-based systems (e.g., dairy or meat farming) where herbaceous plants are cultivated and/or managed for grazing within restricted pastures. However, specialized pastoralism is afforded its own LU1 category (see below). Agriculturalists often also engage in some hunting and collection of wild resources; these activities are implicit within the category. Specific plant and animal domesticates are coded separately from this category. Modes of water provision and landscape modification affecting productivity (e.g., whether cultivation is rainfed or irrigated; tillage; manuring) should be specified via the additional variables (see section on land use variables below).

LU2: Herbaceous/ground crops
Herbaceous (non-woody) ground crops are generally managed according to regular cycles, which may be seasonal or multi-annual. This includes grass pastures maintained for livestock farming. Field or garden systems are permanent; though fallow periods are included, this is distinct from shifting systems that employ longer cycles of exploitation/recovery (e.g., swidden/shifting systems, see below). Water needs are met through rainfall or irrigation (defined as a separate variable); a distinction is maintained for systems exploiting flooding or waterlogging. This category is the closest to what models such as HYDE 3.2 [2] designate as ‘cropland.’ 

Examples: Agrarian systems in medieval Sweden [both fields and pastures, 3]; West African sorghum/cowpea intercropped fields [4]; Central European LBK Neolithic small garden plot agriculture [5]; Nile farming complexes [6]; Cereal and legume cropping alongside pastoralism in the Fertile Crescent of the Middle East [7]; Quinoa agriculture in the Southern Andean highlands [8]. 

LU2: Swidden/shifting
Cultivation occurs in a cycle in which a land unit is cleared of existing vegetation – the latter often burned in swidden systems – before being subject to one or several seasons of crop growth followed by multiple seasons of fallow to restore fertility while cultivation ‘shifts’ to a different location [9–11]. The extensive literature on swidden/shifting cultivation has highlighted the variability of such systems. As Mertz, et al. [12] explain, “…the diversity of land and resource management denominated by the term swidden makes it difficult to provide a widely applicable definition. There is little agreement on the term, although swidden cultivation, shifting cultivation, and slash-and-burn agriculture are often used synonymously, despite the meanings not being identical. Swidden is a word of Scandinavian origin meaning "land cleared by burning", but fire-free, mulch-based systems exist on Pacific Islands and elsewhere and are more appropriately termed shifting cultivation. Slash-and-burn is often used for a wide range of land use practices where no shifting of fields takes place.” Our classification groups these practices together. For Southeast Asia, Mertz et al. [12] define swidden “...as a land use system that employs a natural or improved fallow phase, which is longer than the cultivation phase of annual crops, sufficiently long to be dominated by woody vegetation, and cleared by means of fire.”  
Fire use is coded separately in our analysis and need not be present to use this land use category. Key distinctions between swidden/shifting cultivation and herbaceous ground crops relate to cropping cycles and to the mixture of herbaceous and woody plants typical of most swidden systems. 

Examples: Mexican and Central American milpa cultivation [13]; Citemene in Zambia [14,15]; Ladang in Indonesia [16]; Jhum in northeastern India and Bangladesh [17]. 

LU2: Wet cultivation
This category comprises temporarily or permanently wet or waterlogged environments exploited for cultivation. While conventional irrigation technologies like canals and dams might be employed, wet cultivation is distinctive in its association with waterlogged conditions. Strategies might be aimed at enhancing the retention or drainage of water, often through constructions like raised fields, pondfields, and paddies.  In order to be classified as wet cultivation, fields should be wet for part of the growing season. Flooded fields such as rice paddies are typically drained for a portion of the growing season and may be dry when not in use; farming carried out in seasonally flooded areas may not entail year-round moisture. Still, in these situations the wet or waterlogged state of the ground is a critical factor. The long-term use of wet agricultural practices can sometimes lead to distinctive landscape modifications such as the formation of paddy soils [18] or regionally altered landforms [19]. Because wetlands (both natural and constructed) are the single largest source of global atmospheric methane emissions [20], mapping wet cultivation has special importance. The mere presence of irrigation, which can be coded as a separate land use variable, does not require use of this category – for example many Medieval and Early Modern millet and cotton fields in southern India were irrigated by runoff-fed reservoirs [21,22] and would not have had standing water or saturated soil for an appreciable period of time; they therefore would be classified as herbaceous ground crops. 

LU3: Rice paddy / taro pondfields
Channels feed water-filled basins enclosed by earth or stone bunds creating aquatic environments for the cultivation of hydrophytic crops such as taro or rice. Water in rice paddies is typically flowing rather than stagnant and these locations may contain standing water for anywhere between a few months to year-round. 

Examples: Asian rice paddies [21, 23]; Taro pondfields in Polynesia and Melanesia [24,25]; West African rice paddies [26–28]; Masakwa in the Lake Chad Basin [26,29,30].
 
LU3: Raised Fields / Chinampas
Soil is excavated and piled within designated areas so that cultivation surfaces are elevated above the level of water bodies, permanently or temporarily/seasonally, creating networks of cultivation surfaces [31]. The practice is used to regulate or enhance drainage and soil nutrient levels. There is a wide range of morphological variation within this category, but in general, raised fields are presumed to be permanent or semi-permanent and to have been under cultivation at the time period under consideration. 

Examples: Mexican chinampas [32]; Amazonian raised fields [19]; Central African raised fields [26].

LU3: Wetland cultivation
Cultivation of naturally waterlogged environments, such as wetlands, marshes, and swamps. This can include the exploitation of seasonally flooded areas if cultivation is explicitly related to waterlogged conditions. This category does not typically include natural basin agriculture in floodplains where cultivation takes place after recession, unless water is deliberately/mechanically retained. However, the category does include recession agriculture in wetland environments like river deltas. 

Examples: Iraq marshes [33]; Inland Niger delta (crue-décrue) [4,34].

LU2:  Agroforestry/Arboriculture
Agroforestry and arboriculture are land use practices oriented around the use of woody perennials intentionally introduced or maintained within an agricultural land management unit [35,36]. Because past land use often involved the use, manipulation, and even creation of areas dense with trees and other woody plants, it is not always possible to distinguish between agroforestry and arboriculture. These two systems are distinguished by the relatively greater importance of non-woody crops in agroforestry systems and the more focused use of tree crops in arboricultural systems. Terrell, et al. [37] focus on this dimension of diversity in their definition: “The term “agroforestry” refers to predominantly arboreal-based economies in which manipulating and maintaining forest ecosystems and forest resources—including birds, reptiles, amphibians, insects, mammals, roots, grasses, leaves, and a wide range of medicinal plants—are central.”

The productivity and sustainability of agroforestry systems are reliant on dynamic ecological interactions between trees and crops and/or livestock [10,37]. The function of tree retention can include soil conservation and enrichment or the provision of shade and windbreaks, as well as secondary products such as timber and foods (e.g., nuts and seeds). Livestock can suppress weed growth and enrich soils via dung. The range of species present in an agroforestry unit can approximate that of natural forest, but can also be monocultural, such as in coffee agroforests [11]. Arboricultural systems include the cultivation and cropping of woody species; this might include orchards, olive groves, wine cultivation, banana plantations. Agroforestry and swidden cultivation may be difficult to distinguish; in many swidden systems trees are planted or retained within cultivated areas, for example. The agroforestry category should be used if it is clear that woody plants are consistently maintained in planted areas and if woody plants dominate cropped areas.

LU3: Arboriculture
Cultivation and cropping of trees or woody plants either in single or multi-taxa associations and tree crops that may be either wild or domesticated species. Arboriculture is distinct from the harvesting of wild fruit and other tree resources, including wood. Orchards and tree plantations are common forms of arboriculture; these may include non-woody components but should be primarily composed of tree crops. A few non-woody crops such as bananas or other palms may be grown as orchards, and thus would be included here. The cultigen codes discussed below would prevent these areas from being analyzed as woody plants. 

Examples: olive groves [38]; date palm gardens [39]; apple orchards, (wild) oil palm arboriculture as in the Late Stone Age Kintapo Tradition, Ghana [40]; early Holocene fruit groves and arboriculture in island Southeast Asia [41].

LU3: Agroforestry with soil enrichment
Soils associated with an agroforestry unit are a product of indigenous soil management, as detailed by Gourou [42]. This includes practices designed with the aim of soil improvement as well as those where enrichment is an unintentional by-product of habitation or other use [43,44]. However, enriched areas are vital to productivity and the anthropogenic nature of enriched soils such as the Amazonian Dark Earths (ADE) is not in question [e.g., 45]. Typically, ‘dark earths’ are rich in soil organic matter (SOM), nutrients, and biochar (pyrogenic carbon) [46]; they often contain artifacts such as ceramics and animal bones and, as the name suggests, are typically dark in color.

Examples: Amazonian Dark Earths (terra preta/mulata) [47–49], African Dark Earths [43,44]; Kilimanjaro forest gardens [50].

LU3: Agroforestry without soil enrichment
Soils associated with agroforestry units are not visibly differentiated from those of unexploited areas, although there may be elevated levels of organic matter and/or of elements such as phosphorus and potassium [51]. 

Examples: Regions clearly under agroforestry in the past, but without evidence for dark earths, or dark earths are very poorly developed; Pre-contact Rekohu (Chatham Island), New Zealand [52].

LU1: Hunting-Gathering-Fishing-Foraging 
“‘Hunting and gathering’ is a conventional term for subsisting on the ‘natural produce’ of the earth by hunting and trapping wild animals; gathering wild roots, fruits, and berries; fishing; and collecting honey of wild bees, as opposed to producing food by agriculture and herding.” [53–58]. We take “forager” as a synonym for “hunter-gatherer” [59]. This broad category uses an expanded definition which also includes nut, seed, and vegetative plant food collection and small-scale cultivation of wild resources. In some cases, this can include use of small-scale domesticates as, for example, among Amazonian communities who are primarily focused on gathering and fishing but who have limited amounts of maize cultivation. Many historically and ethnographically documented hunting and gathering groups practice some form of management of wild plants and/or animals, altering landscapes and creating what Lee [60] refers to as “engineered niches.” Since the line between exploitation and production of a resource can be ambiguous, the existence of some level of resource management should not disqualify an area from being coded as HGFF. Similarly, the use of wild plants or animals in association with agriculture is very common [e.g., 61–64] and should not disqualify an area from being coded as agricultural. Many groups forage and also fish. Various forms of aquatic resource exploitation are included in this category and are specifiable at LU2. 

LU2: Hunting-gathering-foraging only
Land use is dedicated to the procurement of wild resources with no significant protective management or cultivation (i.e., no low-level food production). Hunting includes fishing, though extensive use of aquatic resources should be classified ‘LU2 Broad-based and aquatic resources’ or ‘specialized fish production’. 

Examples: Hazda, East Africa [65]; Pre-1863 Great Basin Shoshoni groups; North America [except the Owens Valley Paiute, with low-level food production 66,67]; Many terrestrial economies pre-dating domestication.

LU2: Broad-based and/or marine/aquatic resources
Exploitation of a wide range of terrestrial wild and marine/aquatic resources. This category is distinguished from the above by larger groups and therefore the potential for more concentrated impacts on land cover. While communities may or may not be sedentary, this land use type denotes generally low mobility among inhabitants. As such, local-scale impact on vegetation might be expected to be significant, despite the fact that agriculture is not present. Archaeological indicators of this category might include shell middens and/or evidence for large-scale processing of wild plants such as acorns, large grained grasses and wild barley, or einkorn and emmer, in conjunction with evidence for large sedentary or semi-sedentary settlements. Many of the land use practices described by Price and Brown [68] in the context of their category of ‘complex hunter-gatherers’ would fit here.

Examples: Coastal Pacific Northwest of North America [e.g., 69]; Early Chulmun period, Korea [60]; Natufian groups of the Euphrates Valley, Syria [70], Ertebølle culture Mesolithic, Denmark [71]; Saharan aquatic groups [72,73]; Kansyore communities around Lake Victoria, East Africa [74–76].

LU2: Low-level food production
Land use is dominated by the procurement of wild resources but supplemented by activities such as the protective management of desirable wild species, for example wild cereals or selected wild animals [66], or by limited production of domesticated crops and/or possession of domestic animals. This category lies within what Smith [66] calls the “middle ground” between HGFF and agriculture. This distinction is not necessary in our classification as plant and animal domesticates, if present, can be independently coded. This category may include the use of fire to increase the production or yield of wild food resources, such as wild cereals, nuts and berries, and to attract wild animals, such as deer, for hunting [77]. As landscape level burning is also a land use strategy used by farmers to manage land for agriculture (see LU2 Agriculture—Swidden/shifting above), where known to be present, the use of fire to manage land is additionally coded as one of the variables.

Examples: Hopewell, Eastern North America [78]; Jomon period, Japan [79]; Pre-domestication cultivation; Swifterbant and Hazendonk Middle Neolithic, Netherlands [80–83].


LU2: Specialized fish production
This category captures the ‘‘production’ or management of fish, especially in constructed fish ponds or fluvial, tidal fish traps. This is a specialized form of production that, in some places, can cover large areas and has been documented from as early as 3500 BCE in China [84]. If both fields and fish ponds are used by the same people, these would be coded differently, because the coding refers to the actual land area and not to the agents of land use (i.e., inter-tidal zones would be coded differently from coastal hinterlands).

Examples: Pre-Columbian Bolivian Amazon [85]; Pre-contact Kaua’i, Hawai’i [86].
LU1: Pastoralism
This category covers activities specifically related to the grazing of livestock, involving minimal or no cultivation of plants. This includes land inhabited solely by specialized pastoralists as well as areas in which grazing was undertaken separately from cultivation, such as the hinterland around an agricultural settlement or seasonal mountain pastures. For this category, it is important to keep in mind that the unit of analysis is land, and not the identity of the people using the land. The classification implies a degree of mobility, but this can range from daily schedules of grazing/corralling to full itinerance. The majority of so-called ‘pastoralist’ communities actually practice some cultivation and therefore, within our framework, the areas they inhabit should be classified under the ‘agriculture’ LU1 category, with variations specifiable at the LU2 level under ‘animals’. For example, dairy farming, where some crops are grown to provide animal fodder, would likely be classified as ‘herbaceous/ground crops’ with livestock (e.g., cattle) attributed using the ‘animals’ variable. 

LU2: Anchored
This category is based on intensive livestock-based production by a settled human population, such as the grazing of common land by local communities. Since most settled communities would be expected to engage in some form of cultivation, this category is reserved for land where such activities are minimal. Available pasture may not be so extensive as for ranching (see below), and grazing pressures can be intense within a limited distance from settlements. Land use systems combining agriculture and the management of grazing and/or browsing animals are sometimes referred to as ‘mixed farming’ or ‘agropastoralism;’ in our classification these are separated, with areas under agriculture classified as agriculture and areas used exclusively or nearly exclusively (these areas may also be used for gathering or hunting, for example) for livestock as ‘anchored’ pastoralism. As noted, both plant and animal domesticates can be coded independently of land use classification.

Examples: Northern European moorlands (e.g., England: Bodmin Moors and Dartmoor; Yorkshire moorlands) [87]; Early Historic to contemporary southern India, village-based agriculturalists with flocks of caprids and bovids [22]; Grazelands surrounding Early Bronze Age agropastoral villages in northern Iraq and northwest Syria, where features called hollow ways show the extent of agricultural fields versus open steppe land [88]; Camelid breeding in the Andean altiplano [89, 90].

LU2: Ranching 
Intensive livestock production within large but restricted landholdings. Grazing takes place within a defined area, either enclosed (i.e., fenced) or not. Rangelands [areas under ranching; cf. 19] can be extensive and are often given over exclusively to the purpose of grazing. Areas under ranching typically do not have cultivated pasture grasses or other plants (see herbaceous ground crops, above). 

Examples: North American West [91]; South American Pampas [92]; Australian Aboriginal land management [93]; Hawaiian ranching [94]. 

LU2: Mobile – regular
Herding operates according to a schedule of regular intra-annual movement, often dictated by seasonal variability in environmental conditions. Vertical movement in response to changes in pasture availability are one form of mobile-regular pastoralism; these kinds of seasonal rounds characterize forms of transhumant pastoralism practiced in the European, Middle Eastern, and Central Asian mountain ranges like the Alps, Pyrenees, Taurus, Zagros, and Hindu Kush.  In other cases, the mobility of pastoralists may be dictated as much by social factors and land access as by seasonality; specialized pastoralists in western India, for example, move large flocks on a regular seasonal round, camping on the fallow fields of agriculturalists [95]. Horizontal movement might also be in response to seasonal rainfall, seasonal flooding of river valleys/deltas, or other temporary resource availability. Where mobile-regular pastoralism overlaps with land under agriculture, the latter should be prioritized, for example in the Inland Niger Delta [96]. 

Examples: Transhumant pastoralism in the Alps, Pyrenees, and Picos de Europa Mountains [97,98], Transhumant caprine and cattle pastoralism in recent centuries across parts of the Middle East, North Africa, and western Central Asia [99], Middle Holocene pastoralism in Eastern Sahara [100,101] and Central Sahara [102,103].

LU2:  Mobile – irregular
Herders and/or livestock move in response to environmental or socio-cultural drivers at an intra-annual frequency, with settlements occupied on a temporary or occasional basis, such as among the Peul/Fulani in northern Senegal [104]. These patterns of movement are generally irregular and opportunistic with no repetitive schedule of presence in a particular location. While groups may be ‘tethered’ to a greater or lesser extent to a central settlement or place [sensu 105], herders exploit wide and relatively unrestricted rangelands. Where ‘tethering’ applies, outlying camps might facilitate mobility beyond the spatial limits of a daily grazing-corralling regime.

Examples: Nomadic groups on the central Asian steppe [106]; African savannah pastoralism, i.e., Fulani, Maasai, Turkana [107–110]; Tuaregs in the central Sahara mountains [e.g., 111]; Dromedary camel pastoralism in the Arabian deserts [112].

LU1: Urban/Extractive industries
In contrast to other LU1 classifications, this category is explicitly linked to land cover as much as land use. It is reserved for areas where human activity has led to land cover being highly modified, essentially free from vegetation. It applies to locations where the majority of the area encompassed can be classified as a built environment. Besides large cities, this classification is extended to include land where vegetation (or potential vegetation) has been removed, such as open-cast mines, quarries, or locations of industrial production, including salt flats used for salt production. Manufacturing industries might also be included here, particularly in the post-Industrial Revolution time slice given the well documented impacts on the biosphere of many such industries [113]. Because the database uses 8 x 8 km grid squares, only very large-scale examples of this land use classification are likely to be registered. 

LU2: Dispersed urban/peri-urban
Medium-density population centers with extensive construction, but including space between buildings, such as might be used for food production within the settlement limits. 

Examples: Mayan cities with evidence for urban farming [114]; Angkor, Cambodia [115]; Medieval Vijayanagara, India [21]; Swahili towns [116]; Andean Late Intermediate ‘pukaras’ [8]; Atlantic Coast kingdoms in West and Central Africa, e.g., Benin City, Ife-Ife, Mbanza-Kongo, Loango, Tio [117].

 LU2: Dense settlement
Structurally complex, high population-density, and/or extensively paved locations in which the built environment dominates. Cities without extensive areas of vegetation; parks or roadside trees may be present, but not extensive fields or open areas. 

Examples: Medieval London [118]; Tenochtitlan [119]; imperial Rome [120].

LU2: Mining/Quarrying
Large-scale resource extraction, such as open-cast mining or extensive quarrying, resulting in the removal of existing land cover and pollution of large regions by metallurgic emissions [121,122]. 

Examples: Coal fields of northern Europe/China; Historic tin, copper and gold mining areas in Britain and Ireland; Colonial-era Potosi silver mines of Bolivia [123]; Bronze-Age Kargaly, Russia [124]; Katanga copper mines in the Democratic Republic of Congo [125]; Salt production in Sichuan Basin, China [126]. 

Land Use Variables
In addition to the hierarchical classification system, the database records information on variables that can be relevant across land use systems. These options provide the opportunity to ascribe greater levels of detail and to add nuance to these simple classifications. For example, a land area classified as LU3 ‘rice paddy/taro pondfields’ could, through the applicatition of variables, code the fact that rice is grown, water buffalo are kept, and land is ploughed, providing a fuller picture of land use without the need for more land use categories. The variables defined in this section are concerned with the specific characteristics of land use within a database grid cell (see main text and SI-2); other variables within the database facilitate evaluation of data quality and data coverage. 

Decisions about which variables to include were, like the classifications themselves, based on extensive consultation with a range of scholars and represent a series of compromises between what climate modelers would like to know about the past and the kinds of evidence archaeologists typically collect or are able to collect. For example, although stocking rates of past livestock are of interest because livestock are potentially drivers of global change [127], in situations without historical records, this information is generally not possible to recover. Archaeologists do, however, routinely document the types of domestic animals used and even these data can be useful in the aggregate. Similarly, although past wood harvest rates [e.g., 128] are difficult, if not impossible, to record [but see 129], the well-known association between deforestation and pre-industrial pyrotechnologies, such as iron and steel production, which typically use wood-based charcoal for fuel [130], makes it useful to systematize information on the times and places that the products of these technologies are found. Even in regions with minimal archaeological research, whether or not metal artifacts were made and used is generally known. 

Where a variable is inapplicable, unknown, or its relevance undetermined (e.g., whether metal production was practiced or whether metal artifacts were acquired by long-distance trade), the field should be left blank. Multiple (up to 3) options can be selected for each variable except ‘fire,’ where only one option can be selected (“present”, “absent”, or “debated”). Selections should be ordered by prevalence, where possible (e.g., most important first). Land use variables recorded in the LC6k database are not intended to be comprehensive nor to replace existing databases of archaeological plant and animal remains.

Cultigens
 This category refers to domesticated or near-domesticated plants known to be present in the location and time recorded. While there are many plant domesticates, the database focuses on those plants which may have larger impacts on vegetation cover and land use practices. 
Though there may be multiple plant domesticates listed in publications, the database only allows three (ranked) choices from the following list: wheat (Triticum sp.); barley (Hordeum sp.); pulses (not including Phaseolus sp.); sorghum (Sorghum sp.), millets (here excluding Sorghum sp. and Eragrostis tef ); maize (Zea mays); quinoa (Chenopodium quinoa); beans (Phaseolus sp.); squash (Cucurbits); olives (Olea sp.); vines (Vitis sp.); rice (Oryza sp.); tubers (a broad category including cassava, potatoes, yams, etc.); teff (Eragrostis teff); orchard/tree crops; sugar cane (Saccharum sp.); oats (Avena sp.); rye (Secale sp.); sago (Metroxylon sagu); cotton (Gossypium sp.); other.

Animals
This category refers to domesticated or near-domesticated animals known to be present in the location and time recorded. While there are many other animal domesticates, the database focuses on animals commonly kept in larger groups that therefore may have a larger impact on vegetation. 
The database allows three (ranked) choices from the following list: goat and/or sheep (caprids, e.g. Capra sp., Ovis sp.); cattle (Bos sp.); horse or donkey (Equus sp.); camel (Camelus sp.); water buffalo (Bubalus sp.); pig (Sus sp.); llama or alpaca (Lama sp., Vicugna sp.); reindeer (Rangifer sp.); yak (Bos grunniens); domesticated fowl such as duck (Anas platyrhyncho domesticus), chicken (Gallus gallus domesticus), goose (Anser anser domesticus), and turkey (Meleagris gallopavo); other.

Water and landscape modification
This variable is used to differentiate agricultural systems that rely on ‘natural’ cycles of water or soil nutrient availability (i.e., rainfed or flood-based systems) from those in which interventions are made in order to increase the productivity of a given land unit. Such interventions can be intended to enhance water retention and availability, to enhance drainage in areas where water levels are excessive, or to add nutrients to soil. We focus on manuring, rather than other forms of fertilization, as this is the most archaeologically visible example of such practices. There are many forms of archaeological evidence – from landscape modification to stable isotope analysis of crops – that may allow documentation of this variable.  
Variables are: rainfed; flood; canals/channels; terracing; qanats, cistern/reservoir storage; drains/water reduction; manuring; other.

Tillage
Despite the known significance of anthropogenic soil erosion in the global carbon budget [131], there is at present no global-scale synthesis of past human impact on soils except in the recent past (https://esdac.jrc.ec.europa.eu/resource-type/datasets), though there have been some attempts to model changes using HYDE [132]. Evidence for soil erosion due to agricultural practices has been estimated in river catchment areas through the analysis of sedimentary deposition rates [133], but this remains limited to particular regions and is not a global methodology or synthesis. One of the ways in which past land use resulted in soil turnover was through tillage. In their research on two agricultural fields in Europe, Van Oost et al. [131] found that tillage-induced erosion and deposition exerted a large influence on soil organic carbon (SOC) redistribution and soil profile change at a time scale of a just few decades, suggesting that longer-term patterns might have an even greater impact. While archaeologists sometimes find direct evidence for tillage such as plow marks [134–136], tillage is more likely to be inferred on the basis of tools such as hoes,  plows, and digging sticks [137]; paleobotanical analyses [138–142]; and geoarchaeological evidence [143–148]. 
Variables are: Digging stick/dibble; plow/ard; tractor; unknown.

Pyrotechnology
This variable is concerned with non-food production processes involving intensive fuel use, whether in the form of wood, charcoal, coal, or dung. As noted, premodern wood harvest rates are of potential importance to earth system processes [149], but these can be difficult to estimate. Locations with large-scale pyrotechnologies may be presumed to use more wood (in the case of wood or charcoal-fired technologies) than those without [150,151]. It is important to note, though, that other uses, such as construction, may have driven large-scale wood acquisition strategies [152]. However, the assumption that all industrial smelting led to deforestation is not warranted, as Eichhorn and Robion-Brunner [153] demonstrate for western Africa in a region with more than 2,000 years of large-scale iron smelting [see also 130,154]. Metal production options refer explicitly to the presence or absence of industrial processes (i.e., smelting) rather than the use of metals. The “large-scale ceramic firing” option is intended for large-scale production; “household-level” ceramic production should not be included. 
Variables are: Metal (copper/bronze/tin/silver); Metal (iron/steel); Charcoal; Glass; Faience/large-scale ceramic firing.

Settlement mode
This variable relates to the distribution and character of settlements within a land unit. Although settlement distributions are not necessarily directly linked to the nature or scale of vegetation change in the past, they may enhance understanding of the distribution of human presence. In general, more aggregated settlements might be expected to have a greater impact on regional vegetation than more dispersed settlements, but these associations remain to be investigated. Although climate modelers did not request information on settlement mode, this information is often available archaeologically and may help to contextualize other recorded land use data. While many regions will have more than one mode of settlement present, the most intensive option (variables are ranked from least to most intensive) should be selected. 
Variables are: 
Dispersed: occasional, discrete (non-connected) settlements, either individual dispersed houses or hamlets (small settlements). In an agricultural society with a dispersed settlement pattern, cultivators typically live near their fields, spread out across the region under cultivation.
Aggregated: dense settlements. Includes small towns and villages, as well as temporary large agglomerations. In an agricultural society with an aggregated settlement pattern, cultivators typically live in defined villages or towns and move out to field areas to work, in some cases for extended periods on a seasonal basis.
Non-sedentary: temporary settlements, such as the camps of mobile pastoralists, HGFF groups, or short-term camps of agriculturalists. Settlements occupied on a sub-annual basis.
Urban centers present: Urban centers are present but are of insufficient size to warrant classification of the grid cell as LU1 urban/extractive.

Fire
The use of fire in the landscape has arguably been a major factor in anthropogenic landscape modification [155]. Some HGFF land use practices used landscape-scale burning to clear land of woody vegetation and to encourage new plant growth for wild animals. The vegetation history of both Australia [156] and the Great Plains of North America [157] have been partially structured by anthropogenic burning. A global aggregation of data on fire history is greatly needed, and while the Global Charcoal database [158–161] is under construction, the LC6k database can supplement this with understandings of how burning integrates with other land use variables. Agriculturalists, too, may practice landscape-scale burning (as opposed to the use of fire for cooking, warmth, household-level ceramic production, or other uses we presume were nearly ubiquitous in the past). As noted, fire is a critical element in some swidden/shifting agricultural systems [13]. Historically, fire suppression was a feature of colonial regimes in places such as India [e.g., 162], suggesting that regional-scale burning might have been more widespread in the past than is generally appreciated [see also 163,164]. Seasonality of burning is also an important factor to consider in particular contexts where the data quality is suitable [165–167], as it may provide information on management practices and the impact of these practices on the balance between herbaceous and woody vegetation and on soil carbon sequestration. This will be incorporated once a large-scale mapping effort to assess presence/absence of burning has been achieved. 
Variables are: 
Present: Evidence for deliberate/managed burning of the landscape
Absent: Evidence that there was no deliberate/managed burning
Debated: No clear evidence for anthropogenic burning, though it might be expected based on ethnographic analogy or other indicators (e.g., increased charcoal in sediment records)

Data Coverage and Quality
There are significant differences in the volume, type, and quality of archaeological data. This unevenness is structured by many factors: preservation, site visibility, scholarly interest, and perhaps most importantly, by time and money invested in research. Countries with well-developed cultural resource management or heritage laws have disproportionally larger datasets and archaeological records that reflect both common research interests as well as the locations of sites threatened by development. The mere presence of large archaeological datasets does not, however, ensure data access. In the United States, for example, each state maintains its own site records and there is no mechanism to ensure that all research, even within the state, will be deposited there. The situation in Europe is similar [168]. Moreover, as noted, past land use is studied via a wide range of sources, including landscape features from terraces to towns, plant and animal remains, tools and technology, and others. The facilities and funding for specialized analysis are not evenly distributed across the globe, so analytical specificity may vary greatly. For example, in a region where charred plant remains are not routinely studied, scholars may know that agriculture was being practiced because they have remains of implements like hoes, but they may not know which crops were used. In another context, scholars may be able to make more precise determinations of seasonality or use isotopic analysis of crop remains to recognize prehistoric manuring practices [e.g., 169]. All these cases relate to past agriculture, but some contexts are more fully studied than others. The classification and database variables were designed to manage this sort of data diversity, allowing very broad categories to be used where more specific information is lacking, but also providing more specific categories and variables where more information is available. To keep track of data diversity, we also include explicit data coverage and quality variables. 

In consulting with working groups from around the globe, we discussed data quality at length, developing simple ordinal scales to rank data coverage and quality. One challenge of such a scale is comparability – an ‘understudied’ region in Eastern Europe, for example, may be much better known than a ‘well-studied’ one in another location. The scale distinguishes between ‘coverage’ – the extent to which the land surface has been studied archaeologically – and ‘quality,’ the forms of evidence available. Thus, a region with large-scale surface surveys may have good coverage, but in terms of evidence needed to make land use assessments (well-dated, well-located sites with analyzed plant and animal remains), the quality of the data may be low. In some regions, well-studied locations may be surrounded by little-known areas. Our classification attempts to capture some of this information. 

Coverage variables are:
Coverage high: many areas have been surveyed and, in general, there is a good sense of where sites of different time periods and types are located. Complete coverage is never possible, but these are areas that can be said to be relatively well-known. Generally, these are regions with cultural heritage laws and rescue archaeology; there are a large number of researchers working in this area and time slice.
Coverage moderate: characterizes grid squares where a few areas have been closely studied but large areas of spatial uncertainty remain. There may be ‘islands' of data amid a sea of unexplored land, but there are several such islands. 
Coverage poor: Islands of data are fewer and smaller. Little to no archaeological survey has been conducted, or else visibility or taphonomic issues are severe. 

Quality variables are:
Quality high: Most sites have been well-studied, with secure dating and analysis of floral and faunal remains. While uncertainties certainly exist, and some sites were studied prior to the development of modern methods, there is broad consensus about topics such as mode of subsistence and the use of specific domesticates. Chronological quality is high and often understood by reference to high numbers of radiocarbon determinations and/or other high-precision dating methods. 
Quality variable: The distribution of sites is reasonably well-known, and many or most have been surveyed. Dating is based on artifact typologies and therefore chronological quality is moderate. This category should also be used where there is limited information about floral and faunal remains.
Quality poor: There are severe problems of chronology and/or plant and animal remains are rarely studied. 
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Supplemental Material S2
LandUse6K Database Documentation
Introduction
The generation of digital global maps of ancient and historical land-use practices for designated time periods is the central goal of the land-use group within LandCover6k. To facilitate the creation of these maps, we prepared a geodatabase in ESRI’s ArcGIS that allows LandCover6k (LC6k) participants and regional working groups to record data on historical and ancient land-use in a standardized way, using identical terminology, spatial units, and data formats. The database operationalizes the land-use classification system and land-use mapping principles detailed in the main text of the paper. We provide basic documentation of the database here. 

Spatial Units and Data Format
The database is built around global 8 x 8 km grids of squares. One global grid of these squares exists for each of the time slices considered by LC6k. Land use classifications, variables, and data quality assessments are recorded for individual squares and are considered to be a general assessment for the land that falls within that square at the designated time period. 
The global grids have been created in ArcGIS as polygon geodatabase feature classes, to allow for complex attribute tables and data validation procedures. The project uses the Eckert IV projection system, chosen because it preserves relative area measurements. Following completion of land-use mapping, these vector files will be converted to raster datasets for integration with comparable file formats generated by the pollen-based land-cover reconstructions and with output produced by the climate and ALCC modeling communities.
This grid-based approach was designed to ensure group members would record assessments at consistent scales, provide the capacity for global coverage, and enable quick map production. At the beginning of the LC6k project, many archaeologists and historians expressed a desire to “draw what [they] know” using freeform polygons. However, this “blank canvas,” approach resulted in three difficulties. First, different individuals and groups, given similar background information and instructions, produced significantly different outputs, particularly in regard to spatial resolution. Second, the variable quality of data in different regions resulted in some groups spending a lot of time representing the complexities of small, well-studied areas in complex polygons while spending minimal time considering larger, less well-studied areas. While the resolution and quality of the historical and ancient data available for different regions are indeed highly variable, LC6k aims to create global maps, and group members must devote time to providing assessments for all areas without becoming overly involved in the minutiae of the well-known. Third, data entry proceeded slowly. The 8 x 8 km squares allow participants to produce uniform datasets more quickly, in a format that is easier to compare with data from other researchers. An additional advantage to this approach is that it does not require participants to share their own databases and archaeological data points. Rather than asking participants to replicate the high-resolution details contained in their own unpublished or not-fully-published datasets in irregular polygon form, we ask them to summarize what they know to create a more synthetic but less detailed map formed from the 8 x 8 km squares.
The size of the squares—8 x 8 km—is a compromise between the needs of the ALCC modeling, pollen, and archaeological communities involved in the LC6K project. As archaeological data are frequently highly spatially heterogeneous, and archaeologists often request the smallest grid size possible, we are recording data at the smallest scale used within the larger LC6k community. The pollen community within LC6K, for example, is producing land-cover rasters with a resolution of 1 degree. The smallest grids used by the ALCC modelers are 5 minutes (1/12 of a degree) so we chose a grid that closely matches this (see Fig 8). 

Classifications and Variables
The classification system described in the body of the paper has been set in the database in the form of drop-down menus (in the terminology of ESRI’s ArcGIS, these are called “domains”) containing all of the valid options for each level of the land use classification hierarchy (LU1, LU2, LU3) and all of the valid options for each of the seven variables relevant across land-use systems. The database additionally contains two fields for recording data quality and data coverage. Again, these classifications and variables are recorded by individual 8 x 8 km squares. Various selection and calculation tools in ArcGIS make it possible to simultaneously classify and edit the variables for a group of grid squares that should be given the same values. 
The menus are contextual at the LU1 level, meaning that once the LU1 classification has been selected, the options for the LU2 and variable menus are restricted to be those that fall under that LU1 category (in the terminology of ESRI’s ArcGIS, the LU1 defines a “subtype”). For example, if one selects “Agriculture” as the LU1 category, only LU2 agriculture variables (i.e., “herbaceous/ground crops,” “swidden/shifting,” “agroforestry/arboriculture,” “wet cultivation”) will be options in the LU2 menu and the LU2 options for other LU1 categories like Pastoralism and Hunting-Gathering-Fishing-Foraging will not be options.

Descriptions of Coded Values 
Within the geodatabase, land use classifications and variables are recorded in the feature class attribute table using coded values. The tables below provide the values for those codes.

Regional Working Group
	Code
	Description

	0
	no selection

	1
	North America

	2
	Central America

	3
	Amazonia

	4
	South America outside Amazonia

	5
	Africa

	6
	Europe

	7
	West Asia/Middle East

	8
	Central Asia

	9
	North and East Asia

	10
	South and Southeast Asia

	11
	Australia and Oceania



LC6k Time Slice
	Code
	Description

	0
	no selection

	1
	6000 BP

	2
	3000 BP

	3
	1000 BP

	4
	1500 CE

	5
	1850 CE



No Human Land Use
	Code
	Description

	0
	no selection

	1
	underwater



Agriculture LU2
	Code
	Description

	0
	no selection

	1
	agroforestry/arboriculture

	2
	swidden/shifting

	3
	herbaceous/ground crops

	4
	wet cultivation



Hunting-Gathering-Fishing-Foraging LU2
	Code
	Description

	0
	no selection

	1
	HGF only

	2
	broad-based and aquatic resources

	3
	low-level food production

	4
	specialized fish production



Pastoralism LU2
	Code
	Description

	0
	no selection

	1
	anchored

	2
	ranching

	3
	mobile regular

	4
	mobile irregular



Urban/Extractive Industries LU2
	Code
	Description

	0
	no selection

	1
	dispersed urban/peri-urban

	2
	dense urban

	3
	mining/quarry



Cultigens Variable
	Code
	Description

	0
	no selection

	1
	wheat/barley/pulses

	2
	millets/pulses

	3
	maize/beans/squash

	4
	Mediterranean complex olives/vine/wheat

	5
	vines

	6
	rice (dry/hill)

	7
	rice (wet/paddy)

	8
	tubers

	9
	millets/teff/other similar

	10
	maize

	11
	orchard/tree crops/dates

	12
	sugar cane

	13
	oats

	14
	rye

	15
	sago

	16
	cotton

	17
	other



Animals Variable
	Code
	Description

	0
	no selection

	1
	goat and/or sheep

	2
	cattle

	3
	equids

	4
	camel

	5
	water buffalo

	6
	pigs

	7
	camelids, llama and/or alpaca

	8
	reindeer

	9
	other



Water Modification Variable
	Code
	Description

	0
	no selection

	1
	rainfed

	2
	flood

	3
	canals/channels

	4
	terracing

	5
	cistern/reservoir storage

	6
	wells

	7
	dams

	8
	qanats

	9
	drains/water reduction

	10
	other



Tillage Variable
	Code
	Description

	0
	no selection

	1
	digging stick/dibble

	2
	plow/ard

	3
	tractor

	4
	manuring



Pyrotechnology Variable
	Code
	Description

	0
	no selection

	1
	metal (copper/bronze/tin)

	2
	metal (iron/steel)

	3
	charcoal

	4
	faience/large-scale ceramic firing



Settlement Mode Variable
	Code
	Description

	0
	no selection

	1
	dispersed

	2
	aggregated

	3
	non-sedentary

	4
	urban centers present



Fire Variable
	Code
	Description

	0
	no selection

	1
	present--landscape scale burning

	2
	absent--landscape scale burning

	3
	debated--landscape scale burning



Data Coverage Variable
	Code
	Description

	0
	no selection

	1
	High

	2
	Moderate

	3
	Poor



Data Quality Variable
	Code
	Description

	0
	no selection

	1
	High

	3
	Poor

	2
	Variable




Data Availability
Middle East land use data for 6 kya have been exported as a shapefile and have been made available through the PANGAEA Data Publisher for Earth & Environmental Science [https://doi.pangaea.de/10.1594/PANGAEA.922243]. A blank copy of the geodatabase (with the global grid and the classification system entered into the subtypes and domains) is provided here as a supplementary file.   

