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Abstract

:

Due to the agricultural and industrial activities in rapidly urbanized basins, nitrogen (N) inputs have increased significantly, causing a variety of environmental issues. These challenges require an accurate assessment of the contributions of the driving factors, particularly in the Chaohu Lake Basin, which faces the double pressures of urban expansion and agricultural production. The research shows: (1) From 1990 to 2018, the trajectory of net anthropogenic N inputs (NANI) exhibited a three-stage pattern (uptrend stage, fluctuation stage, and downtrend stage), with an average value of 13,482 kg N km−2 year−1. The primary source was fertilizer N application, which made up approximately 79% of the NANI. Human food and animal feed imports, biological nitrogen fixation, and atmospheric N deposition composed 8%, 6%, and 6%, respectively. (2) Rapid urbanization enhanced the NANI in a short time stage. However, long-term analysis had shown a declining trend in nitrogen inputs, indicating that urbanization could improve fertilizer efficiency and introduce cleaner energy sources. (3) The NANI in urban watersheds were estimated at 20,700 kg N km−2 year−1, which was 3.4 times higher than in agricultural watersheds. Fertilizer N application was used in urban watersheds, as well as human food and animal feed imports. Urbanization drove the N input of food and feed mainly in urban watersheds but had no influence in agricultural watersheds and mixed watersheds. Since urban basins were the main source of nitrogen inputs, it was crucial to support environmental management efforts to reduce N pollution.






Keywords:


NANI; urbanization; spatial heterogeneity; Chaohu Lake Basin












1. Introduction


Human activity has significantly changed the intensity of nitrogen (N), which dominates the anthropogenic modifications of the global N cycle [1,2]. Rapid economic and population growth has resulted in highly urbanized basins through the rapid urbanization process. Compared with traditional watersheds, highly urbanized watersheds maintain the nutritional needs of the population for food by occupying farmland [3]. Over the previous few decades, rapid urbanization reinforced N concentrations and a flux in basins [4,5], causing excessive nitrogen inputs to rivers [6], and 20–30% of riverine N input was exported. Since 1980, human-induced nutrient inputs have increased sharply, and most rivers and lakes have experienced a massive reduction in water quality [7,8]. Studies have shown that the percentage of non-agricultural nitrogen inputs in highly urbanized watersheds increased as the urbanization rate rose [9]. Therefore, the intensive agricultural contribution to nitrogen nutrients may no longer be the main factor of environmental issues. Therefore, it is necessary to improve our understanding of the relationships between urbanization and nitrogen inputs.



Of the affected basins, Chaohu Lake Basin was a microcosm of Chinese social-economic development and human activities. It was selected by the Chinese government in the 1990s as a priority control area due to its serious nutrient pollution [10]. The primary industry accounts for the absolute proportion and the economic growth rate in the last decade is 3.7 times that of the whole country [11]. Such rapid economic development of urbanization without supporting pollution prevention and a management system has caused agricultural land to sharply decrease. In addition, N inputs are changing over time and space because of socioeconomic statuses, the spatial heterogeneity of N sources, and local hydrological and meteorological conditions [12]. To better understand and mitigate N pollution, it is essential to assess N inputs from direct anthropogenic influence. The NANI were used to evaluate anthropogenic N inputs and potential environmental risks at the watershed, provincial, and national scales [13]. Studies focus on influential factors, such as population growth, food demand, urbanization, and diet change [14,15]. These studies address the driver analysis of N input from a watershed perspective and facilitate the development to control N inputs in the future [16].



The main research objectives of this paper include the following questions: (1) To evaluate the inputs and spatial–temporal distribution of the NANI. (2) To reveal the drive mechanism of anthropogenic nitrogen inputs under rapid urbanization. (3) To analyze the spatial heterogeneity of N inputs in different types of watersheds. This study can supply a more effective understanding of current water pollution and the main sources of pressure, aiming to construct diversity management mechanisms.




2. Materials and Methods


2.1. Study Area


Chaohu Lake basin, situated in the central part of Anhui Province in China (30°58′40′′ N–32°06′00′′ N, 116°24′ 30′′ E–118°00′00′′, Figure 1), covers a total area of 13,500 km2 with altitudes ranging from −10 to 1632 m. Lake Chaohu (117°16′54″~117°51′46″, 31°25′28″~31°43′28″), which lies in the north of Hefei City, is a large shallow freshwater lake in the lower reaches of the Yangtze River, with an area of 770 km2. The main rivers that flow into Lake Chaohu include Hangbu, Fengle, Paihe, Shiwuli, and Nanfei Rivers. As the fifth-largest freshwater lake, Chaohu Lake is located in Hefei, an emerging city in inland China [17]. During the study period, the total population of the basin was more than 10,000,000, distributed among 15 districts and counties. The average population density of the Chaohu Lake basin increased from 521 persons per km2 in 1990 to 823 persons per km2 in 2018, approximately 1.6 times the nation’s average. The overall watershed urbanization percentage (calculated as the ratio of the urban population to the total population) ranged from 22% in 1990 to 52% in 2018. However, the urbanization rate indicated significant spatial variability, such as Hefei, whose rate reached 76% in 2018.



To analyze spatial differences, we used land cover data (5 × 5 m) to calculate the percentage provided by the local government. According to the percentage of land-use landscape, it can be divided into agricultural watershed (HBH River, farmland >60%), urban watershed (NFH River, cities > 20%), and mixed watershed (YHX River, farmland <60%, city <20%) [18,19].




2.2. Method for NANI Estimation


The NANI (net anthropogenic nitrogen inputs) have been widely used in assessing nitrogen in a watershed because it is simple and reliable [20]. As the principle of the NANI model calculation and parameter can be directly evaluated N inputs on a large scale and long-term average basis, it has been successfully applied in worldwide basins [21]. The NANI model is composed of four parts, N fertilizer application, food/feed net N input, atmospheric N deposition, and crop N fixation, each of the parts represent a significant source of N in watersheds [22].



The formulas for the estimation model of the NANI can be displayed as follows:


  NANI =  N  chem   +  N  fix   +  N  dep   +  N  im    








where NANI represents the net anthropogenic N inputs; Nchem represents the N fertilizer application (nitrogen fertilizer and compound fertilizer); Nfix represents the N fixation of crops; Ndep represents the atmospheric deposition of oxidized N (NOy), and Nim represents the net food/feed inputs of N (Figure 2). The unit for these four components is expressed in kilograms of N per square kilometer per year (kg N km−2 year−1) [23]. Sewage and animal wastes are not regarded as new inputs to a region as they are not newly fixed or imported nitrogen [24,25]. Nfix (mainly legumes) was estimated from the harvest area, and was the fixed rate per unit area for each crop type [26]. In the Chaohu Lake Basin, the main legume crops include soybean and peanuts, whose N fixation rates are 9600 kg N km−2 year−1 and 8000 kg N km−2 year−1, respectively [10].       N    im    , defined as the sum of human food and livestock feed in N consumption, was calculated as N consumed by humans and livestock, after subtracting N production in the catchment based on a balanced food supply assumption [27,28]. Atmospheric deposition returning to the earth is mainly in the form of NHy, NOy, and organic N. According to a previous study [25], most of the NHy and organic N redeposits to the same basin from where they originated. Hence, only dry or wet NOy deposition was considered as new N inputs and only calculated oxidized N (NOx) deposition was considered for Ndep [29].




2.3. Data Collection


To ensure that the quality of the analysis and the proposed results were credible, our data collection was mainly obtained from the Statistical Yearbook of 15 counties from the local Statistics Department and Agriculture Bureau. Our data range was from 1990 to 2018, and the data are continuous. Data used include the population, nitrogen fertilizer applications (nitrogen fertilizer and compound fertilizer), yield and area of crops (rice, corn, wheat, soybean, peanut, vegetables, etc.), livestock quantity (cattle, sheep, pigs, and poultry), and aquiculture of every county. Although the basic data from the official Statistical Yearbook are highly credible, there is still missing data in some counties in earlier years before 2000. We refer to the annual agricultural Statistical Yearbook and Population census to eliminate possible errors. Data analysis, calculation, and display tools were completed in Excel, Rstudio, and Arcgis, respectively.



In this study, the land use-weighting method was used to distribute the NANI for the 15 counties considering the uneven land use patterns. Data for land use type since 1990 was derived from the Environment Data Cloud Platform Chinese Academy of Sciences (http://www.resdc.cn/ accessed on 9 December 2022). The amount of compound fertilizer can be calculated with N fertilizers by multiplying a factor r n (r n = 35.71%) [30]. Atmospheric N deposition is mainly composed of wet deposition and dry deposition, and the data can be obtained from a spatial dataset of atmospheric nitrogen deposition [31]. N content in various crop seeds, annual N emissions and production coefficient of human and animal were obtained from previous publications. More details of data sources and methods for disaggregating are discussed in the following sections.





3. Results


3.1. Temporal Variations in the NANI


As a traditional agricultural area in the Yangtze River Basin, the NANI in the Chaohu Lake Basin increased from 10,721 kg N·km−2 year−1 to 11,660 kg N·km−2 year−1 during the study period (Figure 3a). The standard deviations of the NANI represent the values of 15 districts and counties within the Chaohu Lake Basin. The NANI were 15,124 kg N·km−2 year−1 in 2010, which is 8.7 times the world average and 3 times the average level in China [32]. Although data sources and scale conversions influenced results for the NANI, our consequences were close to relevant studies [33]. The N inputs of Anhui province [34] and Chaohu Lake basin were 13,121 kg N km−2 year−1,13,700 kg N km−2 year−1 in 2010, respectively. The temporal trend of nitrogen input was also similar to Huaihe River Basin at the same time [35]. Compared with other river basins in the same period, it was lower than the Huaihe and Taihu basins and higher than the Dianchi and Erhai basins [32]. The structure of the NANI was similar to other watersheds, and the proportion of fertilization appeared the highest, followed by food and feed input. The contribution of Nfer to the total nitrogen input decreased from 83% to 75%, and the Nim increased from 2% to 7%. This phenomenon was not unique to Chaohu Lake Basin, and similar results occurred in the Huaihe River Basin and Taihu Lake Basin [36,37].



The proportion of each component of the NANI was calculated by the average value from 1990 to 2018 (Figure 3b). Fertilizer N application was overwhelming in the whole basin, accounting for 79% of the total N input. Fertilizer N application reached 12,832 kg N km−2 year−1 in 2010, making up 85% of total N inputs. This indicates that a reasonable reduction in nitrogen fertilizer applications could effectively reduce the nitrogen inputs from human activities. Food and feed N imports increased significantly, accounting for 3–15% of the total N input. The proportion of biological nitrogen fixation and atmospheric deposition varied less, accounting for 8% and 6% of the total N input, respectively. A strong linear fit function of the NANI with fertilizer N application was observed (R2 = 0.89, p < 0.01), which illustrates that fertilizer N application occupies the absolute proportion since 1990 (Figure 3c). The NANI show a falling trend after 2010, mainly resulting from decreasing fertilizer N application. The relationship between the NANI and imports of N in feed was of minor importance (R2 = 0.26, p < 0.01) (Figure 3d).



The NANI exhibited a three-stage pattern from 1990 to 2018 in the Chaohu Lake Basin (Figure 3a). Each stage was related to socio-economic development and water pollution prevention in this region. There appears a rapid upward trend during the period 1990–2000; because insufficient pollution emission control measures and treatment effects were limited. Due to population gathering and agricultural development, it became the most polluted lake in China. The total nitrogen water quality in the lake reached the inferior V standard in this period [38]. Although the planned investment attended 5.14 billion yuan to Chaohu Lake water pollution treatment, the investment completion rate occupied only 45%. As the governmental level improved from 2000 to 2010, industrial structure adjustment and investment in special treatment planning increased gradually. In 2003, a catastrophic flood triggered a sharp reduction in crop yield, leading to the increased import of N in feed. In 2008, due to the acceleration of economic and urbanization development, the effects of the original control measures were not obvious. Subsequently, a significant and steady decline began from 15,124 kg N km−2 year−1 in 2010 to 11,660 kg N km−2 year−1 in 2018.



Since 2010, government departments have implemented policies to reduce nitrogen input, such as water pollution prevention and a zero-growth-fertilizer campaign [39]. The N fertilizer application rate increased approximately 200 times during 1949–2012, but the N use efficiency of crops was less than 50%, suggesting that most N from fertilizer application flowed away [12]. The urbanization rate of Hefei has nearly doubled in the past 20 years, which will inevitably bring more nitrogen input. These problems are a crisis that will challenge the local government on the environmental protection policy in the future.




3.2. Spatial Variations in the NANI


The spatial heterogeneity in the NANI varies in different regions of the Chaohu Lake Basin due to variations in social development. We use the county-level average value from 1990 to 2018 to analyze the spatial characteristics. The NANI in the 15 counties varied from 2654 to 26,728 kg N km−2 year−1; the highest values were concentrated in urban regions. The distributions at the county level showed that the NANI were high in the northwestern region where urban land and farmland were dominant, especially Yaohai, Luyang, and Shushan. The value attained 21,125 kg N km−2 year−1, 24,362 kg N km−2 year−1 and 26,728 kg N km−2 year−1, respectively (Figure 4). The distribution pattern of the main components (N fertilizer and N net import) was different from that of the NANI. The N fertilizer was concentrated in Changfeng and Feixi, but the N net import was concentrated in the city. The farmland and construction land in these areas were densely distributed, so the pressure on the ecological environment was more significant than in other regions. In contrast, the distribution of the NANI was low in the southwest (Shucheng) because the woodlands were widely distributed and were less disturbed by humans.



Results also show that the NANI intensity in the Hefei urban agglomeration area was much higher than in other regions [40,41]. However, with such a large proportion of agricultural fertilization in the watershed, was the main reason for the high NANI in urban areas only attributed to the food and feed inputs? What role did fertilization play in urban areas?




3.3. Driving Force for Analysis of the NANI in the Whole Basin


The quantities of the NANI exhibited a three-stage pattern over time (Figure 5a). In the uptrend stage (1990–2000), urbanization drove the rapid increase in nitrogen input because of lacking governance. The relationship between grain yield and the NANI was not significant (R2 = 0.23, p < 0.01). In the fluctuation stage (2001–2010), the speed of pollution prevention could not keep up with the speed of urbanization. In the downtrend stage (2011–2018), water pollution prevention measures from the perspective of the watershed were implemented, and the development of urbanization also promoted nitrogen reduction policies. Intense demands for grains in China, coupled with rapid economic growth and urbanization, have resulted in an increasing need for N [4]. The temporal variation of the NANI has fluctuated hugely over the past 30 years, demonstrating the effect of a rising trend in socioeconomic development on nitrogen input. The urbanization rate increased from 22% to 50% (increased by 23%) during 1990–2018, suggesting that the drivers of the NANI showed an apparent temporal change during the 30 years. Urbanization was considered to be the main driving force behind the increased NANI from 1990 to 2000 (R2 = 0.94, p < 0.01). In this period, lake Chaohu was already in a stage of heavy eutrophication, whose water quality had become worse than the surface water quality standard of Grade V. Benefiting from the country’s initial focus on the ecological environment, the government invested heavily in the treatment of the ecosystem in the 2000s. Urbanization showed a noisy and positive relationship with the NANI (R2 = 0.75, p < 0.01) from 2001 to 2010, suggesting that the treatment effect was not obvious. In 2007, nitrogen inputs in the urban rivers (Nanfei River, Shiwuli River, and Pai River) accounted for 72% of the whole basin [42].



After 2010, with measures for water pollution control in the Chaohu Lake Basin implemented, the NANI showed a rapid downward trend and a significant negative linear relationship with the growth rate of urbanization (R2 = 0.93, p < 0.01). The urbanization rate increased from 27% in 2011 to 43% in 2018. After a series of policies were implemented to reduce nitrogen input, including zero-growth fertilizer campaigns, the governance was unprecedentedly enhanced. As a result, nitrogen fertilization decreased from 16.4 tons to 11.3 tons during 2010–2018. Urbanization reduced fertilizer application by taking up more croplands. Meanwhile, urbanization promoted socio-economic development, leading to environmental pollution control investments increasing from 4.8 billion yuan in 2000 to 10.8 billion yuan in 2015 [43]. In this tendency, the effect of urbanization on nitrogen input will no longer be obvious in the future, and the driving factor of food production may begin to appear.




3.4. Characteristics and Driving Factors of Nitrogen Input in Three Sub-Catchments


The spatial heterogeneity of the NANI varies in different basins of the Chaohu lake basin because of economic and social development. The urbanization rate of the urban watersheds has increased from 38% to 66%, with an average of 52%, which is 3 times and 7.5 times that of agricultural watersheds and mixed watersheds, respectively. The urban basin was the main contribution area of the NANI, which was twice that of the other two basins (Figure 6). The apparent dominance of the NANI by fertilizer from urban watersheds seems confusing. How can urban watersheds dominate the NANI when the contribution was from Nfer This was because agricultural fertilization was also the dominant component of fertilization in urban areas. However, Nfer in urban watersheds had been basically the same as Nim, and the inputs of Nfer were even higher than Nim. The reason was that in the peripheral areas of the city, such as Shushan and Changfeng, a large amount of agricultural planting was distributed. The implementation of the experimental field exacerbated the input intensity of nitrogen fertilizer, especially in 2003–2010. The phenomenon reflects that the decisive intervention of human activities in urban watersheds not only has the problem of population aggregation but also has strong agricultural production activities. This also reflects that in the middle period of urbanization (2000–2010), the rapid development of urbanization in Hefei and imperfect management measures led to increased N input.



The LOWESS method refers to locally weighted polynomial regression, which was used to determine the dependence of y on x when “… the signal is embedded in noise” [44,45]. LOWESS analysis supported by linear regression showed that Nim was positively correlated with urbanization (Figure 7, p < 0.01). We believed that due to the large population in urban watersheds, it was necessary to introduce a large amount of food/feed nitrogen inputs. This conclusion was similar to the research of the basins with high population density and urbanization levels [46,47]. The result indicates that the inputs of N in urban watersheds were relatively high and the threats to the environment were significant. For agriculture and mixed watersheds, the urbanization rate was low (urbanization <20%). Hence, local agricultural production could meet the needs of local population and livestock, causing the impact of urbanization on Nim which was not obvious. Those changes reflect the decreased contribution of agriculture to N inputs.



The rapid development of urbanization has led to the rise in population and associated rapid increase of nitrogen input. At the same time, management measures and supporting facilities cannot keep up with development, resulting in excessive nitrogen input into the receiving water body, causing environmental problems such as the eutrophication of river [48]. At the same time, planting and animal husbandry are well developed, only 30% of crop consumption is used to meet population needs, and 70% of crop consumption is applied to animal feed [12]. The dual pressures of urbanization and food demand have led to a rapid increase in nitrogen input. The input of N far exceeds the storage capacity of the basin’s ecosystem, and excessive N is exported through the river. The main driving force of the NANI identified by the long-term series data is urbanization. In the long run, the process of urbanization can help reduce the nitrogen input generated by human activities.





4. Discussion


On a whole basin basis, the NANI have increased from 13,779 kg N km−2 year−1 in 1990 to 15,124 kg N km−2 year−1 in 2010. However, the rapid development of the urban basin has led to a rapid increase of imports of N in feed (Figure 7). Combined with the proportion from food and feed N imports, the total proportion of N inputs from the two sources accounts for more than 90% of the NANI for the basin. The main reason for the NANI change was directly related to the fertilizer N application and urbanization. Food security and urbanization were the main challenges.



During 1990–2010, N inputs from anthropogenic sources to agricultural basins had increased from 3680 kg N km−2 year−1 to 6464 kg N km−2 year−1 (Figure 6). Agriculture activities are intense in the southwest, and high-intensity fertilization combined with high precipitation and steep slopes were the main reason causing serious nitrogen loss in the water body. Furthermore, the mountain areas are mainly distributed in the southwest and middle-east area surrounding Chaohu Lake, where large surpluses of N can easily access the lake. These comprehensive natural and anthropogenic factors accelerate the N loss process. N inputs from urban basins increased from 5079 kg N km−2 year−1 to 13,064 kg N km−2 year−1 (Figure 6). Population density exceeded 3000 individuals per km−2 in 2018, compared to only 1500 individuals per km−2 in 1990, an increase of 1500 individuals per km−2 in three decades. Although N inputs have decreased after 2010, to feed the additional population, N inputs to the basin are required based on a balanced supply and demand. Similar to the spatial patterns of N input distribution, urban rivers are significant contributors to indirect N2O emissions, and the value is 10–20 times greater than other watersheds [49]. This is related to the concentration of the population and the great demand for food and feed. To deal with point source pollution, the local government constructed 18 municipal sewage plants in urban areas in 2012. However, the urban population will continue to surge, and the risk of point source pollution may continue to expand [47]. Consideration should be given to landscape retention measures such as ditches and wetlands to reduce nitrogen output and improve river water quality. The overall change in the water quality of Chaohu Lake in the past 30 years was consistent with the general trend of NANI changes, indicating that the NANI model was a reliable tool for exploring water quality.



It was worth noting that the article estimates the changes in the NANI through a long-term series, which accurately reflects the changes in nitrogen input in the past 30 years. However, as a reliable method for estimating non-point-source pollution, the NANI model has specific errors in urban areas with severe point source pollution. The northwestern part of the basin is a typical urban watershed with point source pollution. Fertilization and food feed account for the main proportion in urban watersheds, although urbanization decreases fertilization. However, the reduction of fertilization also means that the grain yield is reduced, and more food and feed inputs are needed. Feed/feed nitrogen inputs were discharged into the river basin by people, and finally discharged out of the river basin through urban domestic sewage. In this sense, the variations of point source inputs are also the reason for the nitrogen pollution of rivers in urban basins [50]. However, the problems of Chaohu are multiple, including the need to develop the economy, protect agriculture, and improve the water environment. The inherent tension between these problems will require the coordination of different goal-directed policies to make progress in the future. To solve the water problem in rapidly developing areas, it is no longer possible to further reduce nitrogen only from the perspective of sewage treatment plants and ecological construction. The solution must acknowledge the fundamental relationship between N and human activities.




5. Conclusions


This study determined the temporal and spatial heterogeneity of the NANI in the Chaohu Lake Basin and analyzed the driving effects of urbanization and food production in different types of watersheds. The time trend of the NANI includes an ascending trend (1990–2000), fluctuating trend (2001–2010), and falling trend (2011–2018), with an average value of 13,480 kg N km−2 year−1. From the perspective of the basin, the main driving force of the NANI is urban at different stages, with the relationship between the two showing positive correlation, volatility, and negative correlation. The relationship between food production and the NANI shows a positive correlation, but the relationship is weak. The overall spatial pattern of the NANI is high in the northwest, followed by the east, and low in the southwest. This pattern shows an obvious spatial heterogeneity of nitrogen input from human activities. The reason is closely related to factors such as land use, urbanization, and food production. Based on this characteristic, the basin is divided into urban, agricultural, and mixed basins. There is a hierarchy of the NANI values in different basins, with urban basin > mixed basin > agricultural basin. Although the trajectory of individual watersheds is generally consistent with that of the entire watershed, the driving mechanisms are different within the component watersheds. For urban regions, as urbanization increases, the governance level improves, and the occupation of cultivated land reduces the amount of fertilizer. Although more grain nitrogen input has been introduced, the demand is much lower than fertilization. It is necessary to pay attention to point source pollution and raise the standard of sewage treatment in urban watersheds. In agriculture and mixed watersheds, food production and livestock breeding management should start with policy transformation to improve fertilizer utilization and ecological compensation mechanisms.
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Figure 1. Geographical location and land use of the Chaohu Lake Basin in 2018. (HBH, NFH, and YHX River stand for agricultural, urban, and mixed watersheds, respectively). 
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Figure 2. Methodology of the estimating of the the NANI. 
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Figure 3. Interannual changes in the NANI in Chaohu Lake basin from 1990–2018, (a) annual variations of NANI in 15 counties, (b) average component-ratio of the NANI from 1990 to 2018 (The proportion of each component of the NANI which was calculated by the average value from 1990 to 2018). (c) The correlation between the NANI and Nfer (d) the correlation between the NANI and Nim. 
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Figure 4. NANI model and its components (Net N imports, N fertilizer, N fixation, and atmospheric deposition) spatial pattern of county level from 1990 to 2018 (We use the average value of the NANI model and its components from 1990 to 2018 to show.). 
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Figure 5. The relationship between the NANI and urbanization (a) and grain yield (b) during the period 1990–2010 in Chaohu Lake Basin. 






Figure 5. The relationship between the NANI and urbanization (a) and grain yield (b) during the period 1990–2010 in Chaohu Lake Basin.



[image: Water 15 00414 g005]







[image: Water 15 00414 g006 550] 





Figure 6. Characteristics of nitrogen input in three sub-catchments from 1990 to 2018 (We used the sub-basin boundary to assess the NANI by county according to the area ratio.). 
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Figure 7. The relationship between urbanization and the NANI, Nim in different types of watersheds. 
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