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China is higher than the yield of all other crops 
except wheat, and the planting area and yield of 
maize are almost as high as in the USA, the world’s 
largest producer of maize (Yue 2004; Jia et al. 
2011). Risk assessments of the effects of drought on 
crops consider that the risk of drought is 
determined by environmental instability, hazard 
intensity, and vulnerability. Given the complexity 
of the relationship between these three parameters, 
previous studies have focused on the risk of 
drought in mountainous areas, such as southwest 
China and the west of Henan Province (Zhou et al. 
2012; Wang et al. 2014). An increasing number of 
global and local initiatives have been launched to 
measure risk using a set of indicators and indices 
(Cutter 2003; Cardona 2003; Dilley 2005; 
Birkmann 2006; Ni 2014). 

There are many models and formulas for the 
assessment of disaster risk. Many researchers now 
agree on the risk expression of the United Nations 
International Strategy of Disaster Reduction, 
where risk (R) = hazard factors (H)  vulnerability 
(V) (Shi 2002; UN/ISDR 2004; World Bank and 
Columbia University 2005; Fedeski and Gwilliam 
2007; Birkmann 2007; Wang and Zhang 2013; Yin 
et al. 2014). With the increase in frequency of 
extreme events, the management of extreme 
weather and climatic events (such as droughts) 
based on risk assessment is of increasing interest 
(Intergovernmental Panel on Climate Change 
2013). 

The Erosion Productivity Impact Calculator 
(EPIC) model, which was developed by the US 
Department of Agriculture in 1984, can be used to 
manage water and soil resources and to assess crop 
productivity. Some countries have used the EPIC 
model to estimate the yield of wheat, maize, 
sunflower, soybeans, and other crops (Chung et al. 
2001; Cavero et al. 2001; Jonghan et al. 2009; Yin 
et al. 2014; Hyung et al. 2015). The EPIC model 
provided technical support for the simulation of 
maize growth in this study. 

Numerous studies have been carried out on 
the effect of climatic factors (e.g. CO2 concentration, 
temperature, and precipitation) on the growth and 
development of maize, including the effects of 
maturity and different varieties, planting regions, 
yield, and quality (Liu et al. 2001; Yang et al. 2005; 
Jia et al. 2010; Liu et al. 2013; Liu et al. 2014). 
However, there has been little research on the risks 
of drought disaster in typical maize-growing 

regions. The maize zone of southwest China is 
located in the center of the karst region (Yu and 
Zhang 2012). A quantitative assessment of the risk 
of maize drought disaster in southwest China was 
performed based on the EPIC model. This research 
may provide a theoretical basis and technological 
support for the prevention and mitigation of 
drought in high-risk maize-producing areas of 
China. 

1    Study Area 

Maize is grown in China on the Northeast 
Plain, the North China Plain, the Sichuan Basin, 
the Yunnan–Guizhou Plateau and in other regions, 
forming a triangular distribution zone from 
northeast to north to southwest China. The 
theoretical basis for the regionalization of maize-
growing in China is based on the physical 
characteristics of the terrain. The results of the 
nationwide project Maize Planting Regionalization 
in China, conducted by Tong (1992), were chosen 
as the basis of the regional assessment in this study. 

The southwest China maize zone is the third 
largest maize-growing area in China. It includes 
Sichuan Province, Yunnan Province, most of 
Guizhou Province, and the west of Guangxi Zhuang 
Autonomous Region (Figure 1). Severe drought 
events occurred in this region in the summer of 
2006, the autumn of 2009, and the spring of 2010 
(Li et al. 2011; Li et al. 2012; Wang et al. 2014; Liu 
et al. 2014), causing large agricultural losses and 
severe shortages of drinking water. 

A total 45.19 million hm2 of maize is grown in 
this region, accounting for 18.4% of the total area 
of maize grown in China and 13.4% of the total 
production of maize in China (Liu 2002). Nearly 90% 
of the region’s land area consists of hilly regions 
and plateaus; the valley and basin regions account 
for only 5% of the total area. Most of the land is at 
altitudes between 200 and 5000 m. The vertical 
distribution of crop planting is very obvious. The 
area has a temperate to subtropical moist, humid 
climate with abundant rainfall, rich hydrothermal 
resources, but poor lighting conditions. The frost-
free period in this region is longer (240-330 days) 
than the effective growing period of maize (150-180 
days). The total annual rainfall of this region is 
800-1200 mm and this mainly falls between April 
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and October, which is suitable for maize cultivation. 
However, there are more than 200 days per year 
with cloudy and dry conditions and drought 
frequently occurs in the spring and summer (Pan 
and Yang 2012; Wang and Wang 2014). 

Southwest China is in the fragile karst 
ecological zone (Sweeting 1993; Zhang et al. 2011) 
and 129,600 km2 of land is affected by karst rocky 
desertification. Southwest China’s more or less 
contiguous karst area is one of the world’s largest 
and has produced some spectacular landscapes. 
The Southwest China Karst, a UNESCO World 
Heritage Site since June 2007, spans the provinces 
of Guangxi, Guizhou, and Yunnan. It is noted for 
its karst features and landscapes as well as its rich 
biodiversity. These karst areas have an estimated, 
mainly rural, population of 80-100 million people 
(Tu 1996). 

Widespread deforestation in southwest China, 
which began in the late 1950s, severely damaged 
the natural vegetation. The subsequent loss of soils 
reduced the water storage capacity of this zone 
with its abundant springs (Shapiro 1991; Huang 
and Cai 2007; Liu et al. 2014). Chinese scientists 
refer to this process as ‘rocky desertification’ and it 
is recognized as a major environmental problem in 
southwest China. The area affected by rocky 
desertification in the Southwest Karst area is 
increasing by almost 600 square miles per year 
(People’s Daily Online 2005). Agriculture has been 
greatly affected by this loss of soil (Yu and Zhang 
2012). We used the area of irrigated and dry land in 
the land use map to represent the distribution of 
maize in southwest China. 

2    Material and Methods 

2.1 The EPIC model 

The EIPC model is used to simulate the impact 
of disasters on crops, crop-water relations, and the 
risk of drought. The major components in the EPIC 
model are: crop growth, yield, and competition; 
weather simulation; hydrological, nutrient, and 
carbon cycling; soil temperature and moisture; soil 
erosion and tillage; and plant environment control 
(Williams et al. 1989; Jones et al. 2005). EPIC 
operates on a daily time step and can be used on 
scales from decades to centuries (Sharpley and 
Williams 1990). The EPIC model is applicable to 
regions with homogeneous weather, soil, 
topography, crop rotation, and crop management. 
The EPIC model provides a quantitative simulation 
of environmental impacts on crop growth and 
yields. Different management options are available, 
including tillage operations, irrigation scheduling, 
and fertilizer application rates and timing. 

Crop yields are calculated as a ratio of 
economic yield over the total actual above-ground 
biomass at maturity as defined by the harvest index. 
In addition to meteorological and soil variables, the 
main growth-defining factors are Potential Heat 
Units (PHU), the biomass – energy conversion 
factor, and the harvest index (Wang et al. 2005; 
Velde et al. 2012). Water stress (WS) is effectively 
controlled through the soil–water balance and 
supplementary irrigation (Roloff et al. 1998; Tan 
and Shibasaki 2003). 

Figure 1 Location of the maize zone of southwest China. 
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2.2 Materials 

Table 1 lists the data used in this study; the 
years used were not consistent. Meteorological data 
from 1961 to 2005 – including daily precipitation, 
daily sunshine hours, daily maximum temperature, 
daily minimum temperature, daily relative 
humidity, average daily wind speed, and daily solar 
radiation – were collected from meteorological 
stations provided by the China Meteorological 
Administration. As a result of the lack of complete 
data for solar radiation needed by the EPIC model, 
the daily solar radiation was calculated from the 
daily sunshine hours and astronomical radiation 
(Li 1995). 

The EPIC model requires a large amount of 
input data to describe soil attributes and textures. 
The spatial distribution and soil attribute data used 
in this study were derived from the global map of 
soil types (2 resolution) compiled by the United 
Nations Food and Agriculture Organization. The 
maize field observation data of all the agricultural 
meteorological observation stations from 1980 to 
2005 were recorded, giving a total of 86 annual 
reports from more than 17 national agricultural 
meteorological observation stations. 

Based on the content, scale, and accuracy of 
the assessments, particularly the spatial resolution 
of the soil data, an 8 km grid was selected as the 
basic unit. This data could be easily combined with 
MODIS remote sensing data for further analysis. 
The drought risk was evaluated using the 
mathematical models and overlay analysis in 
ArcGIS software and plotted as maps. 

2.3 Risk assessment flow 

2.3.1 Hazard assessment 

The WS factor was simulated as a function of 
the supply and demand of water during the plant 
growth period (Williams 1995). Based on the EPIC 
model, WS was used as a major hazard factor and 
was taken into account when estimating the 
constraints on biomass accumulation, root growth, 
and yield. In the crop growth period, the daily WS 
can be calculated by equation 1: 

pi

m

l
li

i E

u
 1

,

WS
                                  

 (1) 

where WSi is the WS factor, ui,l is the water 
utilization for soil layer l, and Epi is the potential 
utilization of water by the plant on day i. 

As the combination of the WS and the number 
of WS days affects the drought intensity during a 
crop-growing season, under scenarios with no 
irrigation, the intra-day WS value and number of 
WS days in each growing season were extracted 
from the daily simulation results. 

The drought hazard intensity index (H) was 
defined as the index of maize drought hazard 
assessment using the equation: 

inHmaxH

inHWSi

yj

n

i

m-

m-)1(

H 1





                      (2) 

where H is the drought hazard intensity index 
during the growing season, Hyj is the drought 
hazard intensity in year y from station j, WSi is the 

Table 1 Dataset used in this study 

Dataset Content Data Source Year 

Meteorological 
observation database 

Precipitation, temperature, radiation, wind 
speed, relative humidity, and other daily 
data for all meteorological stations in the 
maize zone of southwest China 

China Meteorological 
Administration 1961-2005 

China land use map 
1:1,000,000 land use data, including paddy 
fields, drylands, forests, grasslands, and 
other major land use types 

Chinese Academy of Sciences 2000 

Global distribution of 
soil types with 2 
resolution 

Soil properties 
Food and Agriculture 
Organization of the United 
Nations 

1992 

Chinese soil 
properties database 

Soil distribution, mechanical composition, 
and organic carbon 

Institute of Soil Science, 
Chinese Academy of Sciences 

1996 

Crop field observation 
database 

Maize growth and development data of crop 
field observation stations in China 

Archives of China 
Meteorological Administration 1980-2005 

Chinese agricultural 
statistics database by 
county 

Sowing area, yields and fertilizer use for 
maize, wheat, and rice by county in the 
maize zone of southwest China 

China Statistical Yearbook; 
Chinese Academy of Sciences 1996, 2001 
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intra-day water stress for day i, n is the number of 
days affected by WS during the growing season, 
and maxH and minH are the maximum and 

minimum values of 




n

i
WSi

1
)1(
 for all years and all 

simulated stations. 
We used the typical maize variety Dan Yu 13 in 

the analysis. This variety is a mid-to late-maturing 
high-quality hybrid maize with a high yield and 
good adaptability. The growth period is 105-125 
days; the plant height is 2.8 m, the ear height is 92 
cm, the panicle length 20-25 cm, the 1000-grain 
weight is 285 g, and the kernel rate is 84% (Wu 
1995). Using a pre-built basic dataset under 
conditions without irrigation, the maize-growing 
process was simulated for each 8 km grid in the 
study area using the EPIC model. Based on the 
simulation, the WS value was extracted for areas 
affected by WS during the maize-growing season 
for each year. Based on Equation 2, the H index for 
each 8 km grid was calculated and hazard 
intensity–frequency curves were produced for each 
assessment unit. Probability density curves and 
exceeding probability curves were then drawn for 
the maize zone of southwest China. 

The return period (also known as the 
recurrence interval) is an estimate of the likelihood 
of an event recurring and is used in risk analysis. It 
is a statistical measurement typically based on 
historical data and represents the average 
recurrence interval over an extended period of time. 
The exceeding probability was converted to a range 
of return periods. Hazard maps were then drawn 
for the risk of drought once every 2, 5, 10, and 20 
years. 

2.3.2 Vulnerability assessment 

After controlling the amount of nutrients and 
the aeration stress, we simulated the crop yield 
under two different scenarios. In scenario A1, the 
need for nutrients and water was fully met. In 
scenario A2, the need for nutrients was met, but 
the crop was rain-fed rather than irrigated. The 
yield in scenario A1 minus the yield in scenario A2 
was assumed to be the reduction in yield caused by 
WS alone. The yield loss rate was calculated for 
each assessment cell. Finally, a physical 
vulnerability curve was obtained by fitting the 
function between the maize drought hazard 
intensity and the yield loss rate. The cumulative 

value of daily WS during the maize-growing season 
H was selected as the assessment index for the 
maize drought hazard intensity. 

2.3.3 Risk assessment 

The drought risk assessment model in this 
study was based on physical vulnerability without a 
consideration of the drought mitigation capacity. 
When setting the exposure to 1 (maize-growing 
regions), the risk for each assessment unit was a 
function of the hazard intensity and the 
vulnerability. H was determined using the hazard 
intensity–probability curve, whereas V (the 
vulnerability) was determined by the hazard 
intensity–loss rate curve. The exposure (E) was 
assigned the value of 1 in the maize-growing 
regions and 0 if not in the maize-growing regions. 
The yield loss rate (L) under certain hazard 
intensities determines the value of V. The 
assessment index of yield loss rate was L in the A1 
scenario (nutrient and water needs fully met) 
minus that in the A2 scenario (nutrient needs fully 
met, rain-fed) for each station in every year during 
the growing season. We defined the drought 
disaster risk value as the loss rate below a certain 
level of hazard. Maize drought loss risk maps were 
drawn for once in every 2, 5, 10, and 20 years. 

2.4 Parameterization of the EPIC model 

The genetic parameters of 82 different kinds of 
crops are provided in the EPIC model. These are 
derived from experiments in the USA and have 
been calibrated in other countries (Tan and 
Shibasaki 2003; Wriedt et al. 2009; Velde et al. 
2012; Juraj et al. 2013). However, the regional 
physical geographical environment and crop 
varieties vary, so it is necessary to parameterize the 
EPIC model at the site scale before use. 

Based on observation data in the crop fields, 
examples of Dan Yu 13 with better data series were 
selected as the representative crop variety. Taking 
the availability of data into consideration, data 
from Guiyang station in the period 1986-1991 were 
chosen to determine the crop parameters in the 
EPIC model. By repeatedly running the model, the 
values of the main parameters and the genetic 
parameters of the maize were adjusted by trial and 
error. Daily meteorological data, soil data, and 
actual field management data (plowing, sowing, 
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irrigation, fertilizer, pesticides, and harvesting) 
were entered into the EPIC model for Guiyang 
station. The output crop yield and actual measured 
crop yield were then plotted graphically (Figure 2). 

In the simulation process for maize in the 
EPIC model, six crop parameters with a high 
sensitivity were used: the biomass–energy ratio, 
the harvest index, the maximum leaf area index, 
the optimum temperature for plant growth, the 
minimum temperature for plant growth, and the 
decline rate factor for the leaf area index. 

2.5 Validation of the EPIC model on a 
spatial scale 

The basic principle of the spatial EPIC model 
is a simulation based on a grid cycle. Using the 
interactive data language and taking each 
evaluation unit (8 km grid) as a site, the decision 
about whether to simulate the growth process was 
decided by the type of land use needed by the users. 
If growth is not simulated, the default output value 
is 9999. 

The results of the simulation in terms of the 
coefficient of determination for linear regression 
(R2) were assessed by the F-test and the regression 
slope to give a significance level of p. Statistical 
yield data from the Chinese agricultural statistics 
database by county was used to compare the 
simulated yield (for data integrity in 2001) (Figure 
3). The accuracy of the simulation was satisfactory 
(R2=0.8702 and p was significant at the 0.05 level). 
Deviation between the simulated and statistical 
yield may occur as a result of data errors, data 
entry errors, field management data errors, and 
unreasonable crop parameters. If the accuracy of 
these data is improved, then the accuracy of the 

EPIC model will also be greatly improved. 

3    Results 

3.1 Spatial and temporal distribution of 
hazard intensity 

Based on the simulated information for each 
grid, the value of WS in the maize-growing season 
was extracted for each year. Based on equation 1, 
the hazard intensity data of each 88 km grid was 
calculated from 1961 to 2005. The average drought 
hazard index distribution for the southwest China 
maize region is given in Figure 4. The overall 
distribution of hazard intensity presented a mosaic 
structure among the counties. Most of the hazard 
index values were between 0.4 and 0.5 and 
accounted for 47.32% of total study area. The three 
high-value regions (H0.4) were mainly 
distributed in the parallel ridge–valley system of 
eastern Sichuan, the West Mountain area of 
Guizhou Province, and the south of Yunnan 
Province. These regions should be the focus of 
efforts to prevent and mitigate the risk of drought. 
The risk is not only related to the precipitation and 
temperature of these regions, but also to the 
vegetation cover, topography, and other conditions 
(Yu and Zhang 2012; Wang and Wang 2014). 

The average value of the hazard index was 
between 0.3 and 0.5. The area with either a high or 
average risk of drought accounted for 90.35% of 
total study area. On a temporal scale, the hazard 
index varied smoothly around a value of 0.4. The 
inter-annual fluctuation was small with relatively 
low levels of instability. 

Figure 2 Comparison of simulated yield and yield 
observed in the field. 
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Figure 3 Verification of the EPIC model at a spatial 
scale. 
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3.2 Hazard risk results 

The maize drought hazard index 
of each 8 km grid over a 40-year 
period was selected as the sample. An 
interval length of 0.005 was used for 
each histogram. The probability 
density and exceeding probability 
were obtained by estimating the 
histogram for each grid. The average 
annual hazard indexes of the maize 
regions were calculated based on the 
hazard index of each grid. Probability 
density curves (Figure 5) and 
exceeding probability curves (Figure 
6) for the maize-growing region were 
then plotted. Figure 5 shows that the 
probability density of the drought 
hazard index is mainly located 
between 0.2 and 0.6. Figure 6 shows 
that the steepest curve is at 0.35. This 
corresponds to the maximum value of the 
probability density curve and the highest 
probability of hazard events. 

By converting the exceeding probability to a 
certain return period, the maize hazard risk maps 
for drought once in every 2, 5, 10, and 20 years 
were drawn. Most of the maize drought hazard 
index averages over 40 years have at least a severe 
grade (0.4H0.5). The area of severe (0.4H1) 
grade once in 2, 5, 10, and 20 years accounted for 
48.13, 57.82, 62.55, and 67.50% of the total maize 
area, respectively. 

According to these statistics, with an increasing 
return period, the most severe grade (0.5H1) 
gradually increased from a 2-year return of 0.26%, 
to a 5-year return of 8.54%, a 10-year return of 
18.26%, and a 20-year return of 27.25%. The high-
value areas of very severe drought (0.5H1) are 
concentrated in the northeast of the Sichuan Basin 
and east of Chongqing. With an increase in the 
return period, the distribution of high values 
gradually expanded to the east and south. 

3.3 Vulnerability curves 

The maize-growing process was simulated 
using the pre-adjusted genetic parameters of Dan 
Yu 13 in the EPIC model under scenarios A1 and A2. 
A hazard index in the corresponding growing 

season and maize yield loss value were calculated 
for each station under the two scenarios. The final 
vulnerability curves and corresponding functional 
equations were determined by a nonlinear 
regression model using MATLAB software (Figure 
7): 

00001.0
02.45211

1
)03.13(



  Hse

Ls           (3) 

where Ls is the yield loss rate of maize and Hs is the 
drought hazard intensity index. The value of R2 for 
the maize zone of southwest China was 0.81 and 
the coefficient was significant at the 0.05 level. 

3.4 Loss risk results 

A series of maps showing the risk of drought 
disaster was drawn based on the analysis of the 
maize drought hazard index and the physical 
vulnerability curves. Four levels of risk were 
included: once in 2, 5, 10, and 20 years. The results 
showed that the mean maize yield loss due to 
drought in southwest China had a mosaic structure. 
The highest yield loss rate was in the northeast 
Sichuan Basin, east of Chongqing, west of Guangxi, 
and north of Yunnan. This is consistent with the 
hazard risk levels. The regions with the highest loss 
rate (0.04-0.5) accounted for 1.18% of the maize-
growing area. These were mainly distributed in the 
counties of Wuding, Yuanmou, Yuanjiang, 
Zhenkang, Mengzi, and Shiping in Yunnan 
Province and in the counties of Cangxi, Jianyang, 

Figure 4 Average drought hazard index distribution of the southwest 
China maize zone. 

     

Figure 6 Exceeding probability curve for 
drought hazard index. 

Figure 5 Probability density curve for drought 
hazard index. 



J. Mt. Sci. (2016) 13(3): 465-475 

 

 472

Ziyang, Neijiang, and Yanbian and the cities of 
Emeishan and Xichang in Sichuan Province. The 
least yield loss values were in the range 0-0.01, 
accounting for 96.24% – that is, most of the 
regions had a small yield loss rate. The mean yield 
loss rate showed an upward trend before 1981, but 
a decreasing trend after 1981-2005. The annual 
change in the yield loss rate showed a small 
fluctuation in the steady trend. The main loss rate 
was in the range 0-0.01. 

In the four risk levels, the main yield loss value 
was in the range 0-0.05 – that is, most regions had 
only a small or very small yield loss rate (Figure 8). 
For the four risk levels of once in every 2, 5, 10, and 
20 years, the area with the smallest yield loss rate 
(0-0.05) accounted for 54.53, 54.52, 51.72, and 
48.13%, respectively. The high values were in the 
northeast Sichuan Basin, east of Chongqing, west 
of Guangxi, and north of Yunnan. The hazard risk 
of the southwest China maize zone was high. Most 
hazard index values were in the range 0.4-0.5. 
However, the loss risk of this region was low, 
mainly <0.1, and was determined by its low 
physical vulnerability. 

4    Discussions 

The drought risk assessment of the karst 
regions has previously focused on studies of the 
meteorological or hydrological factors, or other 
single factors or multiple indicators (Ni et al. 2009; 
Yao et al. 2010; Wang et al. 2011; Niu and Fan 2013; 
Jiang et al. 2014). The assessment of drought risk 

in regions affected by rock desertification is still 
very weak, despite the fact that the degree of rock 
desertification affects the thickness of the soils in 
this region. The spatial variation of soil surface 
moisture is still unclear in the rocky environment 
of China's subtropical karst region and in areas 
with intensive land use (Zhang et al. 2011; Li et al. 
2014). Drought is the major abiotic stress factor 
affecting the maize yield in southwest China. Levels 
of rock desertification in Guizhou Province in 
southwest China have been reported by Zhou (2001) 
(Table 2). 

As a result of the limited amount of data 
available for different varieties of maize, only one 
variety (Dan Yu 13) was selected for this study of 
physical vulnerability. There was little spatial 
difference in the physical vulnerability of this 
variety of maize, so data for different maize 
varieties should be determined to improve our 
knowledge of the drought risk. 

This study made a number of scenario 
assumptions as a result of the availability and 
limitations of the data. The areas of irrigated and 
dry land on the land use map of the maize zone of 
southwest China were used to represent the 
distribution of maize and 8 km grid cells were used 
as the assessment unit. A single maize variety was 
used and the physical vulnerability was determined 
based on the maize drought risk assessment. 
Future assessments of maize drought risk will be 
more accurate if the crop types, maize varieties, 
maize planting ratio, and capacity of disaster 
prevention and mitigation are further refined in the 
grid cells. More accurate assessments will provide 
better scientific guidance to determine insurance 
rates in the agricultural sector and to manage the 
risk of drought. 

The definition of the risk of agricultural 
drought is the possibility that there will be a loss of 
crop yield in future time periods. This study was 
based on meteorological observation data for 1960-
2005 and a risk assessment based on future 
changes in climate was not carried out. Further 
studies using simulated results to assess the maize 
drought risk are still required. 

5    Conclusions 

The maize zone of southwest China is located 
in the center of eastern Asia in one of the world’s 

Figure 7 Physical vulnerability curve of a typical maize 
variety (Dan Yu 13). 
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three major karst regions and is a vulnerable region 
in terms of its eco-environment. The growth of 
maize in this region in the period 1960-2005 was 
simulated using the EPIC crop model and an 
assessment was made of the risk of drought 
disaster. Most of the hazard index values for return 
periods of 2, 5, 10, and 20 years were between 0.4 
and 0.5. The main yield loss value was in the range 
0-0.01, accounting for 96.24% of the region – that 
is, most of the region had a very low yield loss rate. 
The three high-risk areas were mainly distributed 
in the parallel ridge–valley system in the east of 
Sichuan Province, the West Mountain areas of 

Guizhou Province, and the south of Yunnan 
Province. The risk was mainly determined by the 
climatic, environmental, and terrain conditions of 
the underlying surface. 
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(c) once in 10 years (d) once in 20 years 
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