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Abstract 

Lu, C. H., 2000. Breaking the spiral of unsustainability: an exploratory land use study for Ansai, the 
Loess Plateau of China. Ph.D. Thesis, Wageningen University, Wageningen, the Netherlands. 256 pp. 

Serious soil loss, food insecurity, population pressure, and low income of the rural population are in
terrelated, and consequently result in a spiral of unsustainability in the Loess Plateau, China. This the
sis takes Ansai County in the Loess Plateau as a case study, to explore strategic land use options that 
may break the unsustainability spiral and meet goals of regional development. A systems analysis ap
proach has been applied, in which fragmented and empirical information of the biophysical and agro
nomic conditions is integrated with well-adapted production ecological principles and other knowl
edge sources. 

With respect to the land use problems and regional development objectives, alternative produc
tion activities (systems) have been identified and quantified using a 'target-oriented approach' and the 
concept of 'best technical means', and based on information obtained from a quantitative land evalua
tion, experimental data, literature and expert knowledge. Production activities have been quantified 
for cropping, fruit, grassland and firewood production systems, and animal husbandry. Production 
techniques emphasize soil conservation, productivity, use efficiency or low emission of chemicals. 
The quantified production activities, resource constraints, and socio-economic and environmental ob
jectives have been incorporated into a multiple goal linear programming model that is used to opti
mize land use allocation, evaluate trade-offs among objectives and evaluate policy scenarios. 

The results reveal that the goals of food security and soil conservation in Ansai can be easily 
achieved from a biophysical and agro-technical point of view. Current slope cultivation and the re
sulting serious soil loss can be greatly reduced, while still guaranteeing food security for the rural 
population (in 2020). The soil loss control is, to a large extent, in line with the goals of increasing crop 
productivity and labor productivity (net agricultural return per laborer). In the long term, terracing and 
crop rotations with alfalfa could be the best options for soil conservation and also for agricultural pro
duction. The large rural labor force can be used for terrace construction. Alfalfa can fix nitrogen, and 
thus greatly reduce the demand for fertilizer N, and also improve soil fertility. 

The large rural population and the lack of off-farm employment opportunities could be the most 
important factor affecting rural development in Ansai. This is evident from the trade-off results, i.e., 
increasing the total employment in agriculture leads to an apparent adverse effect on many other ob
jectives. However, there is a potential for maintaining high agricultural employment at a reasonable 
income level. The current low net return due to the very limited external inputs and poor crop and soil 
management can be substantially improved by efficient resource use and appropriate inputs. 

This research work contributes to the understanding of regional problems and agricultural devel
opment potentials. The results show agro-technical possibilities for breaking the spiral of unsustain
ability in this very fragile and poorly endowed region. Soil conservation, food security, employment 
and income for the rural population can be greatly enhanced by appropriate land use and agro-
techniques. To promote actual development towards the identified options, appropriate policy meas
ures aimed at improving the land tenure system and controlling population growth must be developed 
and implemented. The explored land use options enable a much more targeted policy development. In 
addition, the study can contribute to the formulation of a research agenda for research at field, crop 
and animal level. 

Keywords: land use, sustainability, soil loss, soil conservation, food security, quantitative land 
evaluation, linear programming, trade-off analysis, policy scenarios, Ansai, the Loess Plateau, China 
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General Introduction 

Chapter 1 General Introduction 

Food security and sustainable development are two fundamental and strategic goals in China. 
In the past four decades, China has made great achievements in supplying food for its huge 
population, over one-fifth of the world's total population, using 7% of the world's total arable 
land. However, this achievement has been made, to a certain extent, at the cost of environ
mental degradation and resource deterioration (Cheng 1998). Land degradation problems are 
widespread, including severe soil loss in the Loess Plateau, wind erosion (land sandification 
or desertification) and salinization in northwestern China, soil erosion in the hilly areas of 
southern China, and soil salinization in the North China Plain (Lu 1993, Lu 1998a). 

Arable land in China is mainly distributed in the eastern part of the country (Map 1) in 
regions of high population density. There are three main food production areas in China, i.e., 
the Plain of the Mid-Lower Reaches of the Yangtse River, the North China Plain and the 
Northeast China Plain. From Map 1, it can be seen that the mid-reaches of the Yellow River 
also cover rather a large area of cropland, which includes the Loess Plateau and the fluvial 
plains surrounding it. 

The North China Plain, which is one of the most important food-producing areas in 
China, is currently threatened by potential flooding as a result of massive siltation caused by 
serious soil erosion in the Loess Plateau. The riverbed in the lower reaches of the Yellow 
River is still rising, even though it is already 4-10 m higher than the flood plain (Tang & 
Chen 1991). Thus, the control of soil loss and the sustainable use of land resources in the 
Loess Plateau are important not only for that region, but also for region in the lower reaches 
of the Yellow River. 

1.1 Problems and policy issues in the Loess Plateau 

Issues surrounding the debate about sustainable development in the Loess Plateau always 
center on the question of how to reduce the severe soil loss while simultaneously providing 
sufficient food for the large population. Numerous papers and research reports (e.g., NIWSC 
1995, Tang & Chen 1991, Peng et al. 1991, Zhu 1981, Huang 1955) have been published 
during the past decades, which greatly contribute to the understanding of the problems and 
bottlenecks that stand in the way of achieving sustainable land use. In the following subsec
tions, major problems and policy issues in the Loess Plateau are discussed. 
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Map 1 Location of Ansai and the Loess Plateau 
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1.1.1 Main problems 

The Loess Plateau (Map 1) covers Shanxi, northern Shaanxi, eastern Gansu, and southern 
Ningxia provinces. Most of the area is dominated by loess hills. Due to the high potential of 
soil erosion, most of the land, including the parts that are currently cultivated, is not at all or 
only marginally suitable for arable farming. The land is normally cultivated with limited in
puts, and thus crop yield is low and varies from year to year with variations of rainfall. The 
population density is rather high, ranging mostly from 30 to 200 persons km"2 for counties in 
the hilly area of the Loess Plateau. Accessibility is largely limited by the poor infrastructure 
and the dissected relief. 

Slope cultivation is very common in the hilly Loess Plateau, resulting in very serious 
water erosion, with a mean soil loss of over 50 t ha"1 per year (Tang & Chen 1991). Small 
catchment surveys (ibid.) revealed that the soil loss from cropland covered 50-60% of the to
tal soil loss, and from gullies and grassland around 25% and 8-18%, respectively. On ex
tremely steep farmland (ibid.), annual soil loss can exceed 100 t (slope gradient > 47%), up to 
3001 ha"1 (slope gradient > 70%), and even 5001 ha"1 in newly reclaimed steep land (slope gra
dient > 70%). 

Population growth in the Loess Plateau is very high compared to the average in China as 
a whole. In the period of 1953-1985, the average population growth rate in the Loess Plateau 
was 3.58% per year (Tang & Chen 1991), 86% higher than the national average of 1.92% 
(1953-1982). This high population growth considerably increased the food requirements and 
pressure on agricultural employment, further leading to a great expansion of slope cultivation. 
Every increase of 10 persons in the population had resulted in 1.8 ha, up to 7.9 ha in the area 
of land reclamation in the Loess Plateau (ibid.). 

The availability of fertilizers and capital is generally very limited, resulting in wide
spread extensive cultivation, and consequently low productivity and low income. Due to the 
restrictions of a poor infrastructure and limited educational systems, the market is under
developed, and the proportion of the population that is illiterate or semi-illiterate is still very 
high. For instance, illiterates and semi-illiterates in Ansai made up 54% of the total popula
tion aged 15 and above, and 71% of the female population (based on 1990 census). The hilly 
Loess Plateau is still one of poorest areas in China. Many counties in this region have been 
listed as 'poverty counties' that need financial supports from the government. 

Each of these problems is often enhanced by others, which results in an increase of the 
combined effects. This can be illustrated by familiar sayings in China, such as 'the poorer the 
population is - the more (marginal) land will be reclaimed, and the more land that is re
claimed - the poorer the population will be', and 'the poorer the population is - the higher the 
birth rate will be and the higher the birth rate is, the poorer the population will become'. The 
consequences of the adverse factors can be presented as a 'spiral of unsustainability' (Fig. 
1.1), in which each factor is not only the result, but also the cause of other problems. 
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Figure 1.1 The spiral of unsustainability in the Loess Plateau. The idea and some terms adopted 
from Rhoades & Harwood (1992, cited by Rabbinge 1997) 

1.1.2 Policy issues for sustainable land use 

The 'spiral of unsustainability' can be broken by improving efficiency in the use of agricul
tural resources via appropriate policies. To approach sustainable land use or sustainable agri
cultural development, the following policy goals and measures should be addressed. 

Promoting a more sustainable use of marginal land currently exploited for arable farming 

Cultivation of marginal land and destruction of natural vegetation, which is strongly driven 
by the increased population and requirements for agricultural products, is often acknowl
edged as the key factor in the 'spiral of unsustainability'. 'Returning land used for arable 
farming to grass or forests' is frequently mentioned as a goal in the literature and government 
documents concerning the land degradation control. In general, the current debates sur
rounding this topic are greatly based on present knowledge and actual production techniques, 
and seldom consider options outside the present playing field. 

There is a potential to reduce the area used for arable farming and to mitigate land deg
radation through conservation in the Loess Plateau. However, many questions have not yet 
been answered, such as how much cropping area can be reduced and what is the potential im
pact on the rural community (e.g., income, employment, etc.), taking into account food secu
rity, changing diets and population growth, and the increasing demand for improvement in 
the quality of life. 
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In the past, conversion of arable land to grass or forests has been strongly restricted by 
the inappropriate pricing system, a high labor resource and instability in the 'right to use land' 
(see footnote 1). Due to the high price of fertilizers and high available labor, farmers often 
produce enough to satisfy the food requirement by using more land, rather than by increasing 
crop yield with higher inputs. This situation has improved, to some extent, in recent years, 
particularly because of the implementation of guaranteed crop prices, market construction 
and an increased supply of fertilizers. Further improvements could be anticipated in the fu
ture. 

Improving food security 

In the Loess Plateau, food security has not yet been fully safeguarded, particularly for the 
staple food grains such as wheat that are still in short supply. Control of land degradation by 
reducing the cropping area or by restoring the natural vegetation may be intractable if the 
food supply is not sufficient, because household-based agriculture is basically oriented to
wards producing the subsistence requirements, and the import of food grains is normally re
stricted and expensive due to the poor infrastructure. 

Increasing income 

Increasing income for the rural population is another policy objective. Many factors can af
fect agricultural return and thus the income of rural people, particularly the low pricing, lim
ited markets and the poor infrastructure, the lack of income-generating opportunities, limited 
and marginal land, high population growth and low agricultural productivity. Other factors 
include high labor input, small farm-scale, and inappropriate production techniques. For 
rather a long period, all these factors have resulted in a general feeling that agriculture in 
China is a low, even non-beneficial production sector. In the Loess Plateau, where agricul
tural production takes place largely on marginal land, this situation is even worse since high 
costs (inefficient use of nutrients and water and a high labor requirement) are incurred to ob
tain a reasonable production. This may partly explain why marginal land are so often culti
vated extensively (with very limited or no inputs) not only in this region, but also in other ar
eas of China. 

To improve these general phenomena, appropriate policies are needed. The guaranteed 
price of food grains and the policy for free circulation of food grains (based on markets), can 
promote this change. This may also promote investment in agriculture, and efficient crop and 
soil management. Experiments show that investments in soil conservation can greatly im
prove the land productivity. For instance, crop yield on terraced land can be highly increased 
compared to that on sloping land in the Loess Plateau. 

Decreasing population growth 

Improvement of agricultural production and income can increase food and social security, 
and perhaps further help to decrease the population growth. Although the implementation of 
family planning has been very successful in China during the last two decades, population 
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(6) What potential impacts on the environment can be expected if chemical use (fertilizers 
and biocides) increases to improve agricultural productivity in the future? 

(7) How much room is left for stakeholders (policymakers, rural communities) to make 
choices for future agricultural development? 

Each of these questions in general presents an aspect that may be of interest to policy
makers, regional planners or rural communities. From a policy viewpoint, some of these 
questions can be interpreted as different development directions that are preferred or accepted 
by a specific stakeholder, such as policymakers or farmers. The government's emphasis is on 
soil loss control, since the heavy soil loss causes serious land degradation, but also and more 
importantly, the eroded soil leads to siltation of the Yellow River, which further increases the 
potential flooding risk and pressure on flooding protection in the lower reach area. The rural 
people are mostly concerned about crop production and improvement of income; they prefer 
the continuation of current agricultural production, since they are used to and familiar with 
this traditional form of agriculture. 

Taking into account the problems and policy issues mentioned above, a list of policy 
objectives can be identified that cover environmental (minimization of soil loss, cropping 
area, N loss, biocide use, etc.) and socio-economic (maximization of agricultural employ
ment, crop production, net return, etc.) aspects. These policy objectives can be prioritized in 
different ways, thus reflecting different views on the future land use and regional develop
ment. Examples include aiming at minimum soil loss while guaranteeing food security; 
maximum agricultural employment for a given net return; maximum net return within a given 
limit of soil loss; or minimum emission of chemicals to the environment, etc. 

As a first step towards the formulation of specific policies, it is useful to explore biologi
cal and technical opportunities under different priorities of societal, economical and political 
objectives. Such an explorative study can reveal possibilities of agricultural development, and 
help policymakers to make choices by showing the consequences of different policy direc
tions. This requires a systems analysis method capable of integrating biophysical and socio
economic information. Explorative land use studies can operationalize such a method (Van 
Ittersum et al. 1998). 

A systems analysis concerning future land use in the Loess Plateau was conducted using 
a case study of Ansai, a typical hilly county in the Loess Plateau (for details, refer to Chapter 
2). The aims of the study were to contribute to the understanding of the problems involved in 
sustainable agriculture in the Loess Plateau, and to supply information to the stakeholders for 
decision-making. 

1.2 Obj ectives of the study 

This study uses Ansai county in the Loess Plateau as a case study, to operationalize a meth
odology for land use exploration, with specific emphasis on soil conservation, food security 
and regional development objectives. Strategic land use options are explored, using a systems 
analysis of information with respect to the agricultural production, and the agro-ecological 
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and socioeconomic environment of the county. More specifically, the following scientific and 
applied research objectives are aimed: 

(1) To operationalize a methodology for the exploration of strategic land use options, with 
specific reference to the conditions and land use problems of the Loess Plateau in China. 

(2) To derive and present results of such an explorative land use study that are meaningful for 
strategic policy development. 

(3) To integrate scattered knowledge about different aspects of the land use systems in Ansai 
and to identify knowledge gaps and potential research for the benefit of future agricultural 
development. 

The land use study enables us to: 

- reveal the crop production opportunities and limitations in Ansai; 

- identify feasible techniques to raise the land productivity and serve the aim of soil con
servation; 

- evaluate the consequences of different land use priorities, evaluate the possibilities of 
satisfying various objectives and to reveal trade-offs between different objectives; 

- evaluate the possible consequences of a growing population and changing food require
ments on the land use, agricultural production, economic return and environment, and 
vice versa (i.e., what are the consequences of, e.g., restricted land use and agricultural 
production on the possibilities of feeding a growing population with changing food re
quirements). 

1.3 Methodology and assumptions 

The land use study presented focuses on exploring particular policy scenarios and their ulti
mate consequences, based on an approach often used in explorative studies as a tool to inte
grate biophysical and socio-economic information. The approach (Van Ittersum et al. 1998, 
Rabbinge 1995, Van Keulen 1990) is based on knowledge of biophysical processes underly
ing agricultural production possibilities, and a Multiple Goal Linear Programming (MGLP) 
model. With this approach, possible options concerning future land use can be explored by 
considering value-driven (what is considered 'good' or 'desirable') and technical (what is 'fea
sible' or 'attainable') aspects and including the weighting of ecological, agricultural and socio
economic objectives (Van Ittersum et al. 1998). 

Various explorative land use studies using MGLP technology have been conducted 
(Rossing et al. 1997, Van Ven 1996, Bouman et al. 1998, Veeneklaas et al. 1991, WRR 1992, 
Van Latesteijn 1999). Many papers concerning explorative land use studies have been pub
lished, with regard to concepts and methodology (e.g., Van Ittersum et al. 1997, Van Keulen 
1990, De Wit et al. 1988); technical coefficient generation (e.g., Hengsdijk et al. 1999, De 
Koning et al. 1992); and scenario generation and presentation of optimization results (e.g., 
Bakker et al. 1998). This section describes the methodology and assumptions used in this 
study. 
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tural practices are carried out according to the principle of best technical means, assuming 
efficient and appropriate use of inputs and techniques. Other assumptions that will be further 
elaborated in the various chapters are discussed below. 

Delimitation of geographical regions and time horizon 

Considering the availability of socio-economic data, the small size of the study area (with 
rather homogeneous loess soils), and the lack of data of spatial climatic variation, the geo
graphical regions are delimited according to administrative units. The total 14 town
ships/towns in Ansai are grouped into 6 sub-regions (Map 1), based on catchment and road 
connections. The time horizon is set to 2020, with the assumption that the supposed changes 
could be achieved. 

Fixed relations of input and output 

The input-output coefficients for each production activity are determined using a target-
oriented approach, i.e., the outputs are given first, and then the required inputs such as nutri
ents, capital and labor to realize them are calculated. For land-based agricultural production 
activities, it is assumed that each of the nutrients (N, P and K) is applied in an amount equal 
to the total removed (including the losses). For the soil loss, an upper limit of 15 t ha"1 is used 
for the scenario analysis (Chapter 7), which means that land use activities with soil loss ex
ceeding this limit are excluded in the model optimizations. 

The upper limits of crop yield under potential, water-limited and N-limited production 
situations are simulated with the EPIC model (Erosion and Production Impact Calculator) 
(Mitchell et al. 1997). The target yields for all cropping activities are lower than these simu
lated yield ceilings, since several reduction factors, such as climatic hazards, imperfect man
agement, and rotation problems due to soil-borne diseases and insects, have been taken into 
account, based on literature data. 

Available land resources 

The land resources are divided into four types: (1) suitable land that can be used for growing 
crops, and apple, sowing grass and planting shrubs; (2) natural grass and shrub land that can 
only be used for grazing animals or for producing firewood; forest land that is assumed to be 
preserved; and (3) bad-land including gullies and extremely steep land that are not usable. In 
a specific model optimization, the area of suitable land that is not allocated to agriculture is 
assumed to be allocated for nature conservation. The area used for grazing (or for firewood 
collection) can be less than the natural grass area (or the natural shrub area). The unused part 
of the natural grass or shrub area is used for nature conservation. The soil and N losses in
clude those from all production activities on the suitable land, excluding those from the natu
ral grass and shrubs, forest and bad-land in the current version of the MGLP model. 
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Other assumptions 

The following assumptions are made: 

- Differences in land accessibility or in the transportation infrastructure among different 
areas in the county do not affect land productivity and resource use efficiency. 

- Prices of agricultural products, fertilizers, biocides, labor and use of draught animals, 
etc., are fixed, and based on the prices of 1997-98; no price differences among regions, 
or variations in the market or quality of products are considered. The model can, how
ever, be used to evaluate consequences of different prices. 

- Farm size and the land tenure systems, know-how level of farmers, and the costs of 
capital (interests), industry processing of food and storage of agricultural products are 
not considered. 

1.4 Outline of the thesis 

This thesis comprises 8 chapters, starting with the problem definition and a description of the 
methodology, research objectives and assumptions (Chapter 1). This is followed by a general 
description of the case area and definition of land use and animal activities in Chapter 2. In 
Chapter 3, a quantitative land evaluation is described, in which the crop production potentials 
under irrigated, rainfed and N-limited conditions are determined. A total of 816 land use sys
tems, i.e., combinations of land use types (combinations of crop rotations with different pro
duction technologies) and land units are quantitatively evaluated, with regard to the yield, soil 
and N loss, and irrigation and N requirements. In Chapter 4, the input-output coefficients of 
the land use and animal activities are determined using a target-oriented approach, based on 
data from quantitative land evaluation and literature. Chapter 5 presents the mathematical de
scription of the land use and animal activities, constraints and objective variables. 

In Chapter 6, the basic constraints and requirements for agricultural products in the 
MGLP model are discussed, and the extreme values and trade-offs of the objective variables 
are presented. Finally, the effects of changing food requirements are evaluated, and conclu
sions are drawn. In Chapter 7, four policy scenarios are evaluated, in combination with a sen
sitivity analysis of the model results, and then conclusions are given. Finally, the main 
achievements, policy implications and future research are discussed in Chapter 8. 
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1971-1993. Year-to-year variation of monthly rainfall is even more evident (Fig. 2.2). 

Table 2.1 Average monthly data (1971-1993) at Ansai meteorological station (at 1068 m, 36°53'N 
and 109°19'E). TMX and TMN: maximum and minimum air temperature, PRCP: rainfall in mm, 
DAYP: monthly days of daily rainfall > 0.2 mm, P5MX: maximum half-hour rainfall in mm; 
RHUM: relative humidity in %, and WSPD: wind speed at height of 10 m in m s"1 

Month 

TMX 

TMN 

PRCP 

DAYP 

P5MX 

RHUM 

WSPD 

Jan 

1.4 

-12.9 

3.6 

1.8 

2.2 

56 

1.7 

Feb 

4.4 

-8.9 

6.3 

3.0 

2.7 

54 

2.0 

Mar 

10.5 

-2.3 

15.6 

4.9 

5.1 

56 

2.2 

Apr 

19.0 

3.5 

23.6 

5.2 

7.5 

48 

2.6 

May 

24.4 

9.2 

40.0 

6.7 

14.6 

51 

2.5 

Jun 

28.0 

13.5 

65.3 

7.8 

25.7 

58 

2.1 

Jul 

28.7 

16.5 

117.2 

11.3 

32.4 

71 

1.7 

Aug 

27.0 

15.6 

116.8 

12.1 

21.8 

77 

1.5 

Sep 

22.2 

10.0 

82.4 

9.6 

45.7 

77 

1.5 

Oct 

16.9 

3.6 

33.9 

6.0 

10.8 

72 

1.7 

Nov 

9.4 

-3.6 

11.8 

2.8 

6.4 

64 

1.9 

Dec 

2.9 

-10.0 

3.9 

2.0 

2.4 

59 

1.7 

Annual 

16.2 

2.9 

520.3 

73.2 

62 

1.9 
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0 
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1983, Max. Rain Year 

Mean Rainfall (1971-93) 
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Figure 2.1 a) Monthly average of daily, minimum and maximum air temperature (°C, 1971-93), and 
b) monthly rainfall (mm) of the long-term average, minimum and maximum rain year. 

S October-May 

^ September 

^ August 

ElJuly 

•June 

Figure 2.2 Monthly rainfall (mm) in June, July, August, and September, and total rainfall in October-
May from 1971 to 1993 
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Formed on deep loess sediment, the soils are rather homogenous over Ansai in terms of 
soil depth and texture, comprising 60-75% silt (0.002-0.05 mm), 9-15% clay (< 0.002 mm) 
and less than 30% sand (> 0.05 mm). Soil field capacity is high, at around 235 mm m"1 (Yang 
et al. 1992). Due to low content of clay and organic matter, soil CEC is low, ranging within 
5-10 cmol kg"1. Soil leaching hardly occurs, which is indicated by the fact that both soil pH 
(more than 8) and content of calcium carbonate (mostly 9-14%) are high in the whole soil 
depth. Soil bulk density is between 1.2 and 1.4 t m"3, varying with the cultivation conditions 
and types of land use. Due to serious soil erosion, soil fertility is low in terms of content of 
organic matter and organic nitrogen; for instance, the content in cropland is normally only 
0.4-0.7% and 0.03-0.05%), respectively. The soils are very susceptible to water erosion due to 
the high content of silt and the steep slope. 

The natural vegetation in Ansai comprises grass, shrubs, and forests. Due to population 
growth and increased food requirements, most natural vegetation near the residential areas 
has been destroyed, and converted to cropland. By 1987 (Chen 1988a, Luo & Zhang 1988, 
Wang et al. 1988), 40.4% of the total area was cultivated for crops, while only 29.7% of the 
area was under grass (14.9%), shrubs (4.4%), and forests (10.4%). The remainder 29.9%> of 
the total area was gullies (very low coverage of vegetation), water-bodies (river and reser
voirs), and non-agricultural land (village, town, road, mining plots, etc.). 

2.2.2 Land resources for agriculture 

The land resources for agriculture comprise four categories, i.e., 1) suitable land for arable 
farming, 2) natural grassland that can be used for animal grazing, 3) natural shrub-land that 
can be used for firewood production, and 4) forest-land. The area of each category is pre
sented in Table 2.2. The suitable land for arable farming is derived from the survey data of 
cropland by Chen (1988a), and the grassland area is based on Wang et al. (1988). The area of 
natural shrub-land and forestland is from Luo & Zhang (1988). The forestland is assumed to 
be available only for natural conservation, because it is controlled by the government, and 
cutting for firewood or timber is not allowed. Since the expansion of cropland has already led 
to serious problems of vegetation destruction and land degradation, it is assumed that the 
natural grassland and shrub-land should not be reclaimed for growing crops. 

According to Chen (1988a), the total land area used for cropping in Ansai was 119.4 103 

ha, comprising mainly sloping land (Table 2.3). Due to the high potential soil loss, measures 
for water and soil conservation should be used for most sloping land types to grow crops. For 
gently sloping land types, the potential soil loss can be alleviated or controlled by agronomic 
measures, such as contoured tillage, furrow-ridging, and residue mulching. For steeply slop
ing land types, terracing could be used, as the potential soil loss may not be controlled by ag
ronomic measures. 

For very steep land, terracing may not be feasible, for technical and economical reasons. 
Song et al. (1995) suggested that terracing should not be used for land with a slope gradient 
exceeding 47% (25°). Above this slope gradient, the terrace becomes instable, since the 
height is too high to make the terrace wide enough for crop cultivation. Land types with slope 

17 

~ " 0 ~ . . . « ,~o . , „ . , X..L»»»««..J u u u i , yyni^ii cim iiisz m a n J nv>l a u i i am^ lu i HiaVIIlIiCiy Ul lage UUC 

to the narrow width. 
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2.3 Current agricultural systems and problems 

2.3.1 General characteristics of the agricultural systems 

Agriculture in Ansai comprises three types of production systems, i.e., cropping system, live
stock system, and orchard system. The orchard system comprises mainly apple and some pear 
production, practiced on flood plains and on hilly slopes near the main roads. The total 
growing area of apple was 420 ha in Ansai according to the 1992 Yearbook of Ansai. A brief 
description of the cropping and livestock systems is given in the following subsections. 

Cropping systems 

Two cropping systems are practiced in Ansai, i.e., irrigated and rainfed. The irrigated crop
ping system is limited in the flood plain, and it is mainly used for growing corn, potato, to
bacco, vegetables, and soybean. The irrigated crop yield (fresh weight) is relatively high, 
normally within a range of 5-8 t ha"1 for corn, 13-20tha_1 for potato, and 1-1.3 t ha"1 for soy
bean. 

Two types of rainfed cropping systems may be distinguished. One includes the produc
tion of corn, millet, winter wheat and soybean, which is carried out manually with animal 
power and limited fertilizer use, mainly on terraces and relatively gently sloping land and 
partly on the flood plain. Crop yield is normally 2-4 t ha"1 for corn, 0.9-2 t ha"1 for millet, and 
0.8-1.5 t ha"1 for winter wheat. Another system for the production of broomcorn millet, mil
let, beans, potato, buckwheat, sorghum, seed flax, sesame seed, sunflower, etc., is carried out 
by hand with limited use of animal power, and without or with very low application of fertil
izers. This cropping system is widespread on steep slopes, with the crop yield mostly less 
than 1.5 t ha"1. 

Livestock systems 

Livestock production system includes goats, sheep, pigs, cattle, donkeys, mules, and poultry, 
and can be divided into four categories: mutton, pork, draught animal and poultry production, 
based on its main products. The mutton production systems include goat and sheep, grazed on 
pastureland for producing meat and wool or cashmere. The products are mainly for sale. The 
pork production is a very traditional activity in China, not only for producing meat but also 
for manure. Pigs are normally slaughtered just before the Spring Festival (Chinese New 
Year). A small part of the pork is reserved for family consumption during the festival and the 
rest is sold at the local market or within the village. This tradition still continues in most rural 
areas of China. Draught animals, including cattle, donkey, mule, and horse, are used for sup
plying farm traction and transportation power. Poultry production systems include chicken 
and very limited numbers of ducks and geese for producing eggs and meat. The products are 
mainly for family consumption. Milk and beef production is not practiced in the region. 

The productivity of animal husbandry is very low at present. Based on the 1994 Year
book of Yan'an Prefecture, the off-take rate (ratio of number of culled animals to total ani-
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mals) of goats and sheep in Ansai was estimated at 24% and 28% respectively, and meat pro
duction per culled head was around 12 kg for both types of animal. 

2.3.2 Problems and policy goals 

Chapter 1 discussed in general terms the problems and policy issues in the Loess Plateau. 
This subsection presents in more detail the key problems and policy goals for future land use 
that should be dealt with in Ansai. 

Serious soil loss 

The main problem of the current land use is severe soil erosion. CAAC (1993) reported that 
the average sediment yield (ratio of sediment measured at hydrology station to the total area) 
for all of Ansai is 841 ha"1, i.e., around 6.5 mm topsoil eroded per year. This serious soil loss 
is largely caused by slope cultivation and vegetation destruction. Of the total cultivated land, 
about 80% is steep land with a slope steepness of more than 19% (Table 2.3). 

Regarding these problems of land degradation, two policy objective goals could be op-
erationalized: minimization of total {or per unit area) soil loss and minimization of land area 
under crops {or maximization of land productivity) to promote the restoration of natural 
vegetation. 

Increasing population pressure 

During the past four decades, total population in Ansai increased from 6.0 104 persons in the 
first census of 1953, to 14.7 104 persons in the last census of 1990, representing an average 
growth rate of 2.46%. This growth rate was much higher than the national average of 1.47% 
in China (Table 2.5). Although the policy of population control and family planning has been 
implemented in China since the late 1970s, it seems not successful in this region. For exam
ple, the population growth rate in Ansai even increased in the period of 1982-1990, in com
parison with that of 1964-1982 (Table 2.5). The rapid population growth leads to an increased 
requirement for agricultural products and an increased number of labor to be employed in ag
riculture. 

Table 2.5 Size and growth rate of population in Ansai and China based on the four censuses. Years 
in bracket of the first row are the end or start year for mean growth rate of population 

1953 (-64) 1964 (-82) 1982 (-90) (53-) 1990 
Population size (104 persons) 
Relative mean growth rate (%) of population 
Relative mean growth rate (%) of population of China 

Increasing food requirements and risk of food insecurity 

An increase of demands for agricultural products (food and firewood) in the future is ex
pected due to high population growth and demands for food improvement. Statistics have 
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shown that this rapid growth of population also considerably increased crop cultivation. Ac
cording to Tang & Chen (1991), the sloping cropland in Ansai increased 2.8 times in 1985, 
compared to that in 1964. 

Current crop production in Ansai depends very much on the large area of sloping crop
land. Due to the extensive cultivation, and high runoff of rainfall on hilly land, crop produc
tion varies with annual precipitation. In some years, the total crop production can be reduced 
by more than 20%, even up to 50% (CAAC 1993), due to the climatic hazards of drought, 
hail, frost and rainstorms. Although Ansai achieved an average crop production of over 400 
kg GE (grain equivalent) per capita in 1992, food security is still the most important issue for 
the rural population, because of the high potential for crop failure due to climatic hazards, 
pests and diseases. 

As an important policy goal in Ansai, the objective of food security can be operational-
ized by maximizing total crop production or minimizing the food deficit. 

Employment pressure on agriculture 

Employment for the rural population strongly depends on agriculture due to the lack of non-
agricultural employment opportunities. Based on the 1990 census data, around 90% of the 
total employed labor in Ansai was involved in agricultural production. Of the total employ
ment in agriculture, 97% was engaged in arable farming. Non-agricultural production sectors 
such as rural enterprises are hardly developed in the rural areas of Ansai, which is illustrated 
by the fact that 97% of the total rural production value of Ansai was from agriculture in 1992. 
Due to the limited land resources available, it is estimated that unemployment may be more 
than 50% in the rural areas of Ansai. The potential to alleviate this unemployment problem 
can be explored by maximizing total employment in agriculture. 

Demands for an increase of income 

Income of the rural population in Ansai is low, e.g., the average gross production value per 
capita was 927 yuan and the net income was 438 yuan (1992 price) in 1992. Many factors 
may contribute to this low benefit, such as the lack of off-farm income generating opportuni
ties, low efficiency of agricultural production, inappropriate pricing systems, and limited 
market. These problems of low efficiency can be alleviated by efficient management of agri
culture, by improved pricing and marketing systems, by growing cash crops such as apple, 
and by promoting development of animal husbandry. 

Three policy objectives related to these problems should be analyzed, i.e., minimization 
of total cost for agricultural production, maximization of total net agricultural return and 
maximization of net return per laborer. The first policy goal focuses on exploration of the 
possibility to meet the regional demand with the lowest total input in monetary terms. The 
second is to achieve a maximum total benefit from agriculture, while the third policy goal is 
to achieve maximum labor productivity. 
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Minimum use of chemicals to serve the environmental goals 

The current agricultural systems in Ansai are mostly not sustainable, due to extensive slope 
cultivation associated with low efficiency and serious soil erosion problems. This unsustain-
ability of agriculture should be changed by innovative cropping systems that are based on 
ecological principles, good management, and appropriate external inputs. For environmental 
aims, and considering the limited availability of fertilizers and biocides in Ansai due to re
strictions from lack of capital and a poor infrastructure, these cropping systems should have 
high use efficiency of chemicals, i.e., a low requirement of fertilizers and biocides per unit 
product, and low N losses to the environment per unit product. These issues can be inter
preted as three policy goals, i.e., minimization of total fertilizer N use, minimization of total 
biocide use, and minimization of total N emission to the environment. 

Poor accessibility 

Accessibility is generally very limited due to poor road systems and steep terrain that is dis
sected by dense and deeply incised gullies. All-weather roads are only located along the val
ley of Yanhe River with a limited length, while most of the rural area is connected by only 
poor dirt roads that are often closed due to rainstorms during rainy season. Based on the 1992 
Yearbook of Ansai, 80% of villages were inaccessible to traffic. Donkeys are still the main 
transport means for the rural population in Ansai. Since more than 90% of the population 
lives in the rural area, and because transportation is limited, market-oriented production such 
as vegetables is heavily restricted by the lack of markets. 

2.3.3 Agricultural measures to alleviate the problems 

Since this thesis deals with agricultural and land-use options that could alleviate the identified 
problems and satisfy a range of objectives, measures related to land use and agriculture are 
introduced in this subsection. The agricultural measures commonly applied in the Loess Pla
teau or mentioned in the literature (e.g., Lu 1998b, Song et al. 1995, Shan & Chen 1993, 
Tang & Chen 1991) include: 

Intensification of agricultural production to reduce the area of sloping farmland by in
creasing inputs and improving agricultural management. 

Change of land use patterns. This emphasizes the more natural land-use types of grass, 
shrubs, or forests. Attention is also paid to various multiple cropping systems such as ro
tational/strip cropping of perennial (leguminous) forage crops and food crops. 

Conservation-oriented production methods. These include contoured tillage, crop residue 
mulching, and furrow-ridging (Fig. 2.2) aimed at conserving water and soil losses from 
runoff and water erosion. 

Land improvement by constructing terraces on sloping land. 

Integrated management of small catchment. This emphasizes the integrated use of land 
resources, by a rational arrangement of different land use types such as crops, grasses, 
and forests according to land conditions (slope and elevation). This can be combined with 
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construction of a series of small dams across gullies that are mainly used for damming-up 
sediment from soil erosion on the gully and hilly slopes. Construction of dams needs a 
high capital input, which is normally invested by the government. 

These measures have been promoted by the government via administrative measures and 
financial supports. The construction of'Wan Mu' (Chinese area unit, equal to 667 ha), a high 
yielding demonstration project, has been implemented during the last five years in Ansai, 
with the aim of achieving an annual crop production of 0.5-1 t mu"1 (1 ha = 15 mu). Conser
vation farming based on the so-called 'furrow-riding' cultivation technique was already prac
ticed in this region about two decades ago. Integrated management of small catchment is be
ing extended in the Loess Plateau, based on the government plan for the integrated control of 
soil loss. A more flexible land policy will be probably introduced, such that farmers can buy 
'the right to use land' for up to 100 years. During the contract period, they can sell or transfer 
the land to other people. 

2.4 Alternative agricultural production activities 

2.4.1 Forms of agricultural production and the relationships 

To alleviate the problems with land use and environmental impacts, to meet the regional food 
requirements and to serve the socio-economic and environmental goals, alternative and inno
vative agricultural production systems must be identified. For application in the MGLP 
model, such systems should be described quantitatively. Five major types of agricultural pro
duction systems can be distinguished in Ansai: 
1) cropping systems for producing food grains and forage; 

2) fruit systems for income generation; 

3) grassland production systems for supplying grazing pasture; 

4) firewood production systems, i.e., growing shrubs to meet energy requirement of the rural 
population; 

5) animal production systems for income generation, supplying animal traction and manure. 

Each of these agricultural systems comprises various production activities characterized 
by well-defined production techniques with specified and quantified inputs and outputs. The 
defined techniques based on expert knowledge are not differentiated for differences in current 
socio-economic conditions. The concept of 'best technical means' is applied to all production 
activities, which implies that minimum inputs are applied to achieve specified target yield 
levels. Differences in the know-how of farmers, market conditions and agro-infrastructure are 
therefore not taken into account, assuming that these factors will not affect the outputs and 
resource use efficiency. 

The livestock system is connected to other production systems. The feed required by 
animals is provided by grassland and crop products (residues, forage, corn) of the crop ac
tivities. Manure produced from the animal production systems is applied to crops, grassland, 
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Crop Residues, Forage, Feeds <-

Animal Activities 

Crop Activities 

-> 
Manure and Draught 

Animals 

Grassland Activities 

Firewood Production 
Activities 

Orchard Activities 

Production activities 

1 Products 

Figure 2.1 A diagram presenting the relationships among the five major types of production 
activities 

and apples. The draught oxen are used for land preparation, sowing of crops and grass, 
weeding, and transportation of manure and agricultural products. Donkeys are used for trans
portation of manure, agricultural products, and firewood. These relationships are presented in 
Fig. 2.1. 

2.4.2 Cropping activities 

A cropping activity is a crop or crop rotation cultivated in a particular physical environment, 
completely specified by its inputs and outputs (Van Ittersum & Rabbinge 1997). Cropping 
activities are defined by three criteria, 1) crop rotations, 2) production technologies that de
termine the inputs and outputs, and 3) types of physical environments. 

Crop rotations 

Cropping activities are defined on a rotation basis, because of agro-technical and environ
mental reasons. Rotational cropping systems are less dependent than mono-cropping systems 
on inputs of nitrogen and protection agents because of their diversification of crops in time 
and/or space (Stinner & Blair 1991). Relatively less or even no nitrogen is required when 
legumes are included in a rotation. Incidence of diseases, pests, nematodes, and weeds, espe
cially soilborne pathogens can be alleviated by growing crops in appropriate rotations. Some 
pathogens and pests that are found on or with different crops can even be fully controlled by 
properly arranged rotations, through which the reproductive cycles of those species are bro
ken (Francis & Clegg 1991). Higher yield can be achieved for crops grown in rotations than 
in mono-cropping, e.g., yields of corn and sorghum are higher after legumes or non-legumes 
than when grown in mono-culture {ibid.). Soil losses can be reduced by rational arrangement 
of crops in rotations. 
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Five crop types are considered, i.e., cereal crops of millet, corn, and winter wheat; tuber 
crops of autumn and summer potatoes; leguminous crops of soybean; oil-bearing crops of 
linseed; and forage crops of alfalfa. Other crops such as broomcorn millet and buckwheat that 
are normally grown on steep land are strongly related to the current extensive farming. Those 
two crops may have limited development potential due to their low yields. This is evidenced 
by the shrinkage in sowing area in recent years. Emphasis in this thesis is on production of 
major staples, therefore production of vegetables and tobacco is not considered. 

Theoretically, these seven crops can be combined into numerous crop rotations, if crop 
sequences and length of rotation cycles are taken into account. However, it may not be possi
ble/necessary to consider all possible combinations, otherwise it will make the MGLP model 
too complex. Thus, a limited but representative number of crop rotations are defined, assum
ing that each of the defined rotations is always in the same sequence. Table 2.6 presents the 
defined crop rotations that are grouped in three categories, i.e., mono-cropping, food crop 
rotations, and mixed crop rotations with alfalfa. 

- Mono-cropping: This means that a crop is grown continuously on the same land. Only 
corn and winter wheat are selected, and other crops are excluded due to problems of high 
occurrence of diseases and pests. 

Crop rotations: This crop system is aimed at producing food grain only, and comprises 
cereals, tuber and cash crops growing in rotations. The rotation cycle is set to 2-5 years, 
and a limited number of representative crop rotations is selected. 

Mixed crop rotations: This is a mixed cropping system for producing food grains but also 
forages. In this cropping system, the perennial forage crop alfalfa is grown for some sub
sequent years, followed by some years with food crops, and then alfalfa again. Alfalfa can 
grow for up to 8-9 years and reaches its maximum biomass production at around its 
fourth year in the Loess Plateau. In this study, a growing period of 3-5 years is assumed. 
This cropping system serves environmental aims because it has a lower risk of soil loss 
and low nitrogen requirements. 

Three aspects are considered for the definition of crop rotations. First, crop-sowing time 
should be feasible. In Ansai, corn, millet, soybean and autumn potato are normally sown in 
April-May and harvested mid-September to early October. Winter wheat cannot be grown 
after these crops, as it must be sown in early September to ensure germination before winter. 
Alfalfa is sown in summer when it follows flax or winter wheat that are harvested in July. 

Table 2.6 Defined crop rotations 

Rotation type Defined crop rotations 

Mono-cropping W, C 

Crop Rotations PWC, CSC, MSC, CMP, FWPM, PWCM, WPMCF, MSMP 

Mixed Crop Rotations A3CM, A3CPM, A3MPM, A4MPM, FWA4MC, FA4CMCM, FA5MC 

C: corn, W: winter wheat, M: millet, S: soybean, P: summer potato in PWC and PWCM, P: autumn potato in 
other rotations, F: seed flax, A: alfalfa, and number: growing years of alfalfa. 
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Second, problems of diseases, pests, and weeds should be as limited as possible based on 
available knowledge. In general, wheat and corn have fewer problems related to soil-borne 
diseases than other crops do when they are grown in continuous cropping and narrow rota
tions. Millet, soybean, potato, and flax should be grown in wide rotations, due to the high in
cidence of diseases and pests in narrow rotations . Soybean, potato, and flax may not be 
grown sequentially, because they can be susceptible to or the host of Rhizoctonia solani 
Kuhn, Scerotinia sclertiorum (soybean and potato) and weed of Cuscuta chinensis Lam. 

Third, the crop rotation should be helpful for soil loss control and water use. Row crops 
rotated with small grains such as millet, wheat or closely seeded alfalfa can reduce the poten
tial soil loss. Growing winter wheat after crops harvested in summer (flax, summer potato or 
winter wheat) can reduce water stress during the long dry period of winter and spring, be
cause rainfall after these crops are harvested in July can be stored in the soil. 

Production technologies 

Production technologies are differentiated by three criteria, i.e., 1) production levels, 2) 
mechanization levels that determine the intensity of labor inputs, and 3) agro-technical op
tions for water and soil conservation (Table 2.7). Three yield levels are distinguished, mainly 
by the availability of water and nutrients. These defined yields can be realized with machin
ery or manual labor. Thus, two mechanization levels are defined, called semi-mechanized, 
and non-mechanized, respectively. Four types of agro-technical measures of soil conservation 
are specified, based on two tillage methods and two options of crop residue management. 
Thus, a production technology is defined as a feasible combination of these three factors. 

Table 2.7 Definition criteria of production technologies 

Definition factors Defined options 

Production level Three yield levels: 1) Attainable irrigated yield; 2) Attainable rainfed yield; and 3) 
(Attainable) N-limited yield 

Mechanization level Two mechanization levels identified, 1) Semi-mechanized, use of herbicides and no 
use of draught animals; and 2) hand labor and animal traction, no use of herbicides and 
machinery 

Agro-technical Four measures: 1) Contoured tillage and crop residue removed; 2) Contoured tillage 
measures for water and crop residue mulching; 3) Furrow-ridging and crop residue removed; and 4) Fur-
and soil conservation row-ridging and crop residue mulching 

2 Literature (ECPP 1996, SAAS 1987, HPRI-CAAS 1995, IBP-CAAS 1993, Wang & Huang 1995) show that 
the continuous cropping or growing in a rotation once in two years may have problems due to high occurrence 
of 1) soilborne diseases, e.g., millet downy mildew caused by fungi Sclerospora graminicola, potato diseases 
caused by soilborne fungi Verticillium albo-atrum, V. dahliea, Rhizoctonia solani Kuhn, and Fusarium spp., 
etc., soybean spot caused by Pseudomonas glycinea and flax anthracnose caused by Colletotricum linicolum; 2) 
pests, e.g., millet pests Chilo infuscatellus and Atherigona biseta, soybean pest Leguminivora glycinivorella; 3) 
weeds such as giant foxtail, Setaria viridis var. major and Cuscuta chinensis Lam.; 4) nematodes, e.g., millet 
nematode Aphelenchoides olyzae Yokoo, soybean nematode Heterodera glycines and various potato nematodes. 
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