Ecosystem types and their respective ecosystem services (ES) and disservices (EDS) in the Luanhe River Basin, China
This document describes the study area, generation methods, nature and units of recorded values, quality control, and data structure for “Geodatabase of ecosystem types and their respective ecosystem services (ES) and disservices (EDS) in the Luanhe River Basin”. 
We acknowledge funding from the UK Research and Innovation (UKRI) through the Natural Environment Research Council’s (NERC) Towards a Sustainable Earth (TaSE) programme, for the project “River basins as ‘living laboratories’ for achieving sustainable development goals across national and sub-national scales” (Grant no. NE/S012427/1) on which this dataset is based. 
1. Study Area
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Hlk47893803][bookmark: _Hlk52437816][bookmark: _Hlk61035738]The Luanhe River Basin (LRB, 39°10’ - 42°30’ N, 115°30’ - 119°15’ E) is located across a semiarid area of North China (Fig. 1), with an annual average temperature and precipitation during the period of 1982-2015 of 7.0 ± 2.6℃ and 488.4 ± 80.7 mm, respectively (Wu et al., 2020). It encompasses 27 counties in two provinces (Hebei and Liaoning) and one Autonomous Region (Inner Mongolia), with a total area of approximately 45,775 km2. The LRB has a population of 5.4 million, with a population density of 122 persons/km² (Bi et al., 2018). The LRB is the most afforested river basin in North China, which is an important part of China’s biggest afforestation project since 1978 - the Three-North Shelter Forest Program (Wang et al., 2010). It is an important ecological barrier to alleviate the effects of sandstorms from Mongolia on North China and an important water resource for the most severe water-scarce region in china – the Beijing–Tianjin Hebei region (BTH) (Li et al., 2017). The predominant pasture in the north-east part of the river basin, the larger reservoirs (Panjiakou and Daheiting Reservoirs) in the middle reach, and the cropland surrounding urban areas in the south also provide multiple ES and EDS.

[image: ]
[bookmark: _Hlk52991263][bookmark: OLE_LINK22]Figure 1 Ecosystem types of Luanhe River Basin in 2018. Land-use data acquired from China’s National Land Use and Cover Change (CNLUCC) dataset (Xu et al., 2018) from the Resources and Environmental Sciences Data Center of the Chinese Academy of Sciences.  
2. Generation methods
[bookmark: _Hlk52788840][bookmark: _Hlk48155608]Land uses (ecosystem types, ET) in the LRB were derived from China’s National Land Use and Cover Change (CNLUCC) dataset (Liu et al., 2014; Xu et al., 2018) produced by the Resources and Environmental Sciences Data Center of the Chinese Academy of Sciences. The CNLUCC data for the study area were derived from medium-resolution satellite images, with a corresponding spatial resolution of 30 m × 30 m grids. There are six major land use and land cover categories, including farmland, forestland, grassland, water, built-up land, and unused land, which were subdivided into 25 subcategories in the CNLUCC dataset. According to the available ecosystem types of the locality and local expert knowledge, six major ETs: cropland, forest, grassland, waterbody, built-up land and unused land, which could be subdivided into 14 subcategories of ETs were identified for this research. 
Based on Millennium-Ecosystem Assessment (Millennium Ecosystem Assessment, 2005) and the Common International Classification of Ecosystem Services (CICES) v5.1 (Haines-Young and Potschin, 2018), 11 provisioning services (PS), ten regulating services (RS), five cultural services (CS), and 7 Ecological integrity indicators (EI) were selected. Moreover, based on the context of local conditions, experts’ opinions, and previous studies (Campagne et al., 2018; Khan et al., 2019; Sun et al., 2020), 11 EDS were added to the matrix. 
[bookmark: OLE_LINK55]The capacity matrix was then filled following the guideline by Campagne et al. (2017), who proposed that the expert panel, no matter the experts’ profile, should count at least ten experts for a quorum based on statistical resampling of panel members. To gather as much information as possible from a broad diversity of expertise, and evaluate score confidence levels by comparing the score variability among different experts from different backgrounds, twenty-five experts with extensive theoretical and practical knowledge of the local environment and/or ES were engaged in the research during two periods. The matrix was completed in October 2019 and August 2020 by a panel of 15 experts and ten experts, respectively, based on participatory methods. Each time, experts received an explanation of the definitions and classification of ES and EDS, and were then asked to fill in the capacity matrix individually. The difference between these two sets of different expert scoring exercises is that in October 2019, the experts filled the capacity matrix in-person at a workshop in Tianjin, while in August 2020, the experts filled the capacity matrix online due to Covid-19 travel restrictions. Among these 25 experts, eight were from government bodies, 12 from research institutes, five from regional technical bodies. Therefore, the expert panel represented diverse views from a broad range of disciplines, universities, institutions, and agencies who were familiar with the environmental issues and policy in the LRB.
[bookmark: OLE_LINK14][bookmark: _Hlk54009095][bookmark: _Hlk52809036]Following Burkhard et al. (2009), ES and EDS scores were ranked from 0 to 5 to express the capacity of an ET to provide a specific ES/EDS. In addition to a score for each ES/EDS, the experts were asked to give a confidence index in their score for each ES/EDS and each ET from 1 to 3 following Campagne et al. (2017). This confidence index was used to estimate expert confidence in providing the capacity score. 
3. Nature and units of recorded values
Polygons representing ecosystem types (ET) and their respective ecosystem services (ES) and disservices (EDS) in the Luanhe River Basin, with attributes recording 14 ET, 11 provisioning services (PS), ten regulating services (RS), five cultural services (CS), 7 Ecological integrity indicators (EI), and 11 ecosystem disservices (EDS). 
4. Quality control
[bookmark: OLE_LINK21]The experts felt ‘comfortable or moderately comfortable on their scores’ for almost all the ES/EDS. Among the total 616 ES and EDS capacities delivered by ETs, the experts had a low level of confidence on only 5 ES and 11 EDS, and most (75%) of the scores with low confidence were from the ES and EDS delivered by ‘Bare land, rock or gravel’ (i.e. ES of ‘Biochemicals and medicine’, ‘Nutrient regulation’, ‘Pollination’, ‘Aesthetic’, ‘Metabolic efficiency’, and all EDSs except for ‘Droughts’, ‘Floods’, ‘Erosion and siltation’ and ‘Heat island effect’), and 25% form the EDS of ‘Human diseases from pathogens’ and ‘Allergens’ delivered from both ‘Industrial area and traffic utilisation’ and ‘Sandy land’. The experts’ unfamiliarity with some EDSs was logical as this concept is relatively new, and it was the first time it was applied in the LRB in a research context. Similarly, the contribution of unused lands (e.g. ‘Bare land, rock or gravel’) in ES is often overlooked, and only a few studies focus on this as the unused lands are generally considered to play a negligible role in providing ES (Costanza et al., 1997; Costanza et al., 2014; Tolessa et al., 2017). This was also evidenced by our capacity matrix scores, which shows that the average mean score of the ES/EDS delivered by ‘Bare land, rock or gravel’ with low-level confidence (accounting for 75% of all scores with low-level confidence) was only 0.8. Overall, the results of confidence scores demonstrated that the ES/EDS scores from the experts were reliable.
5. Data structure
The data were converted from raster to vector to facilitate the addition and calculation of ES and EDS values.  The ArcGIS shapefile will be readable by most GIS applications, and the underlying tabular data (.dbf file) can be read by Excel or other spreadsheet/database applications. 

Attributes are as follows:
FID = unique feature ID code (automatically generated by ArcGIS)
Shape = Geometry type (‘Polygon’ in all cases, automatically generated by ArcGIS)
ES_Type = Ecosystem types, including: 
Irrigated cropland, Rainfed cropland, Forest, Nursery and orchard, Grassland, Stream and rivers, Lakes, Reservoir and ponds, Beach and shore, Urban and rural land, Industrial area and traffic utilization, Sandy land, Swamp, and Bare land, rock or gravel.
PS = Provisioning services
Crops = Crops 
Livestock = Livestock
Fodder	= Fodder
Capture_fi = Capture fisheries
Aquacultur = Aquaculture
Wild_foods = Wild foods
Timber	 = Timber
Wood_fuel = Wood fuel
Energy__bi = Exergy (biomass)
Biochemica = Biochemicals and medicine
Freshwater = Freshwater
RS = Regulating services
Local_clim = Local climate regulation
Global_cli = Global climate regulation
Flood_prot = Flood protection
Fire_prote = Fire protection
Groundwate = Groundwater recharge
Air_qualit = Air quality regulation
Erosion_re  = Erosion regulation
Nutrient_r = Nutrient regulation
Water_puri = Water purification
Pollinatio = Pollination
CS = Cultural services 
Aesthetic = Aesthetic
Existence = Existence and bequest
Knowledge = Knowledge and education 
Emblematic = Emblematic and symbolic
Physical_a = Physical and experiential interactions
EI = Ecological integrity
Abiotic_he = Abiotic heterogeneity
Biodiversi = Biodiversity
Energy_cap = Exergy capture
Reduction = Reduction of nutrient loss
Storage_ca = Storage capacity
Metabolic = Metabolic efficiency
Biotic_wat = Biotic water flows
EDS = Ecosystem disservices
Invasive_s = Invasive species
Pests_and = Pests and diseases
Droughts = Droughts
Fires = Fires
Floods = Fires
Erosion_an = Erosion and siltation
Leaching_o = Leaching of nutrients
Human_dise = Human diseases from pathogens
Allergens = Allergens
Dangerous = Dangerous plants and animals
Heat_islan = Heat island effect
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