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Part I
Chapter 1. Natural Conditions and Resources Potential
First Section. Geomorphology

Hunan Province is located in a transitional zone between the place where the
Yunnan-Guizhou Plateau descends to the hills south of the Chang Jiang and
where the Nanling mountainlands descend to the Jianghan Plain. It is a
place where mountains and rivers alternatingly rise and fall, and where the
types of landforms are varied, laying an important foundation for the forma-
tion of complex environmental conditions for agriculture, abundant natural
resources, and striking regional differences.

1. Terrain Features and Soil Use
(1) Concave Basin Opening Toward the North

The contour of the terrain in Hunan Province is as follows: Fairly high in
the west, the ridges of the Xuefeng and Wuling ranges reaching an elevation
of about 1,500 meters. Most of the land gradually descends to hills and
basins at an elevation of 500-200 meters in central Hunan, only to rise
again in the eastern part of the province to an elevation of 1,000 meters

in the mountainlands along the Hunan-Jiangxi border. 1In cross sectiom, the
terrain resembles a saddle that, relatively speaking, is characterized by
high terrain in the west and gently sloping terrain in the east. The
Wuling winds through the south, and the Shikengkongshi on the border between
Hunan and Guangdong is 1,902 meters above sea level, while the top of Nanshan
on the Hunan-Guangxi border is 1,941 meters above sea level. Moving north-
eastward, the terrain cascades downward in waves to the Binhai Plain, most
of which is at below 50 meters above sea level, demonstrating that the
terrain is high in the south and low in the north. The Dongting Hu region
is the lowest point in the province with the terrain sloping toward it all
around. It contains the four rivers [the Xiang, Zi, Yuan, and Li], and
swallows up and disgorges the Chang Jiang forming a heart-shaped system.

The overall view of the province is land rising to the west, south, and

east from the Dongting Hu region, but gradually descending toward the center
and toward the northeast to form a horse shoe-shaped incomplete basin open-
ing toward the north. (Figure 2. Terrain Map of Hunan).




HAIR 1:30073 (a)

Figure 2. Topographical Map of Hunan Proﬁince

Key:
a. Scale 1:3,000,000
b. Elevation

The foregoing terrain structure not only controls the water system pattern
throughout the province, but also intensifies the extent of temperature
changes. It favors the penetration and retention of cold waves, with the
result that the province's winter temperatures tend to be low; spring
temperatures vary greatly with a large number of overcast and rainy days.

In summer, once the heat has risen it is not readily dissipated, and central




and northern Hunan become hot spots in the middle reaches of the Chang Jiang
with a sharp drop in the amount of rainfall. The Xuefeng Shan, which cuts
across the province, forms a natural line dividing the terrain, environ-
mental conditions and nature between east and west in Hunan Province. 1In
the course of a year, the average daily 315°C temperature line and the
cumulative 4,200°C temperature line generally corresponds with the eastern
foothills of the Xuefeng Shan, with heat being plentiful to the east of that
line and scant to the west of it. Annual rainfall in the surrounding
mountain region reaches 1,400-1,700 millimeters, and 1,200-1,300 millimeters
in the hills and basins. The hydrothermal gituation is influenced by the
orographical line, which varies vertically and shows a change in deflection
zone patterns.

(2) Alternating Mountain Ranges and Valleys, With Basins Crisscrossing

The eastern side of the Lianshao Hills, the Xuefeng Range, and the Wuling
Range are watersheds that divide the basins of the Xiang, the Zi, the Yuan,
and the Li rivers in Hunan Province. Mountain ranges alternate with river
valleys, and basins crisscross the terrain, which rises gradually from the
southeast to the northwest, the hills and broad valleys becoming trans-
formed little by little into lofty mountains and majestic ranges. The
basins of the four rivers account for an appreciable amount of the province's
total area; the basin of the Xiang Jiang for 38.8 percent, the Zi Shui for
13.6 percent, the Yuan Shui for 26.2 percent, the Li Shui for 7.7 percent,
and other rivers for 4.8 percent. Going up the Xiang Jiang from the Tong
Ting Hu Plain, south to Hengyang, east to Liling, or west to Xiangxiang, the
terrain is fairly flat and lies in long narrow tracts at an elevation below
50 meters above sea level. Southwestward to Qiyang and Lingling, and south-
ward to Linzhou, including the Youxian, Chaling and the Yongxing basins
tucked among the mountains, the 1and is below 200 meters above sea level.
Some of the basins among the mountains in the stretch from Daoxian,
Ningyuan, and Guiyang, as well as around Jiangyong and Linwu are at an
elevation of from 200 to 400 meters above sea level. Jianghua, Lanshan, and
Jiahe counties are higher than 500 meters above sea level. Along the banks
of the upper reaches of the Zi Shui lie mostly low hills and small plains;
mountain ranges and narrow valleys dominate the middle reaches; and the
jower reaches contain mostly hills and alluvial tablelands. Thus, Yiyang
marks the limit of the area along the river at 50 meters above sea level,
and the 200 meter elevation stops at the area running from Xinhua to
Shaodong, Xinshao, Shaoyang, Longhui and on to Dongkou and Xinning. These
areas connect with partial basins and segmented plains like joints of a
lotus root at an elevation of 200-400 meters above sea level. 1In the upper
reaches of the Yuan Shui are precipitous mountains and gorges; and in the
middle reaches are narrow, elongated hills and basins that spread out to
become plains near the mouths of rivers. 1In the area between Changde and
Taoyuan, elevation begins to go beyond 50 meters above sea level, reaching
200 meters at Qianyang and Shupu beyond which it rises to between 300 and
500 metefs‘above sea level. The plain is very narrow. The Li Shui is
shortest, and precipitous mountains crowd in from both sides of the valleys
formed by its main stream and tributaries. Only in its lower reaches and
near its mouth is the elevation at 100 to below 50 meters above sea level.




These features of the terrain of river basins and valleys substantially
determine the extent of land development and use in the province, and varia-
tions from one region to another. The reclamation and cultivation index for
the province as a whole averages 16.24 percent. It isg higher for the north
than the south and higher for the east than the west. (See Table 2) In
lake areas, "diked fields" predominate, and cultivated land is concentrated
in continuous tracts. Hill and river valley areas are crisscrossed with
"fields having upraised paths," "alluvial fields," and "fields with low
embankments around them." 1In mountain regions are large numbers of "cavern
fields," "ravine fields," and "terraced fields." Basins surrounded by
mountains or hills dot the province. The water system radiates like the
branches of a tree, and cultivated land also spreads like the branches of a
tree or like a series of partial rings. The drop of surrounding streams
and the water impounded by embankments in individual sections of the

streams may be used in multiple ways such as for irrigation and flood pre~
vention. : '

Table 2. Reclamation and Cultivation Index for Separate Regions of Hunan
Province (1979)

Cultivated Average Reclamation
Land Area Land Area and Cultivation Rate
Region (10,000 mu) (10,000 mu) %

Total province 31,777.35 5,160.60 16.24
North Hunan 4,529.78 1,271.59 28.07
Central Hunan 7,996.57 1,657.68 20.73
South Hunan 7,280.08 934.06 12.83
West Hunan 11,970.92 1,297.27 - 10.84

Note: Land area is based on aggregate figures for land area of each county
provided in "Compilation of Hunan Province Forest Resources Data" compiled
by the Hunan Provincial Department of Forestry.

(3) Varied Landforms, Mountainlands and Hills Predominating

Hunan has a complex geology. Throughout 81.65 percent of the area is found
various kinds of sedimentary rock (including carbonitite in about 32 percent
of the area plus sandstone, gravel, and shale) and metamorphic rock (such as
slate, phyllite, and quartzite). Magmatic rock (such as granite) is found
in 8.91 percent of the area. The interaction of external pressures over a
long period of time has resulted in the formation of diverse landforms such
as mountain plateaus, mountainlands, hills, uplands, and plains. Prelimi-
nary statistics on the classification of terrain features show mountains and
hills accounting for 70.22 percent of the total area in the province, all
other forms accounting for the 29.78 percent (including 12.54 percent for
plains, and about 5.34 percent for water surfaces). The general composition
of the land is roughly 70 percent mountainland, 5 percent water, 5 percent
cultivated land, and 20 percent other than these. Clearly the province has

a broad expanse of mountains and hills and an overly small plains area.
(Table 3)




Table 3. Preliminary Statistics on Hunan's Geomorphology

T (@ ®) | () (d) (e) o ®
= .2 L3 [ K ® ] & HEEER ® . %
%) ¢ )] (PHLER) %) :
(g) * w >800 52241 24.62 weaEsnenl2eyg (n)
(h) =& i 500—800 300—750 45972 21.70 SRR ERLE.21% (o)
E) & B - <500 1100—300 50639 23,90 R EEESERE.98Y% )
G) ® 4 20—100 25141 11.90
(k) ¥ ot <z0. 26557 12,54 gepamgnTnes.y (q)
Q) #a# X B\ 11300 5.34
(m) & # 211800 100
Key:
a. Type 1. Rivers and lakes
b. Elevation (meters) m. Total
c. Specific elevation (meters) n. Including karst mountains of
d. Area (square kilometers) medium height, 1.29%
e. Percent of total area (%) o. Including low karst mountains,
f. Explanation 6.247%
g. Mountains of medium height p. Including karst hills, 9.987%
h. Low mountains q. Including karst flat land,
i. Hills 5.317%
j. Uplands
k. Plains

The action of water and heat on different features of the terrain and the
material of which it is composed had a direct bearing on the formation and
development of the soil and its suitability for the growth of plants. The
red rock basins formed from chalk during the Tertiary Period and the
alluvial river valley plains areas formed during the Quarternary Period

are the province's principal agricultural areas. In the basins and in the
surrounding hills and low mountains are thick deposits of red soil and
yellowish red soil suitable for the growing of pine, fir, and mixed forests.
In the red soil hill and upland areas, tea oil forests, which are
-photophilous and acid loving, are fairly concentrated, and these areas also
favor the growing of tea and citrus fruits. At Huitong in the upper reaches
of the Yuan Shui, at Shuangpai and Jianghua in the middle reaches of the
Xiao Shui, and at Zixing and Ruicheng in the upper reaches of the Lai Shui,
the sandy shale, slate, and phyllite has developed into mountainland yellow
soil that is suited to the growth of fir trees making this one of the major
Chinese fir growing areasxsouth of the Chang Jiang. In the mountainlands
~along the Hunan-Jiangxi border, in Wuling, Xuefeng Shan and Hengshan, granite
and epimetamorphic rock is found, and the layer of soil is thick and friable.
Timber forests and tracts of moso bamboo proliferate here. In northwestern
Hunan, carbonatite is found over a wide area, and calcium-loving plants are
fairly abundant. This is the province's main tung tree growing area. Full




and equitable use of the natural resources of the vast mountain areas,
increased organic linking of farming, forestry, and animal husbandry, and
development of economic diversification are key aspects in the building of
modern agriculture. :

2. Critique of Regional Landforms

The entire province may be divided into seven landform areas on the basis of
differences in the horizontal and vertical zones in the overall landform
structure, and on the basis of the similarity of constituent forms and
relative consistency in transformation for use of various types of landforms.
(Figure 3)

(1) Dongting Hu Plains Region

This region is located in northern Hunan on the south bank of the middle
reaches of the Chang Jiang and centering on Dongting Hu. It is a round
dish-like basin formed of an alluvial and lacustrine plain, terraced land
along the lake, and low hills encircling the lake.

In addition to Taohua Shan, Huangma Ling, Daqi Shan, and Taiyang Shan, which
stick up like islands around the outer edges of the lake basin, the land is
mostly low hills and rolling tablelands 150 meters above sea level, with a
specific elevation of less than 100 meters, and with gentle slopes. The land
is made up of epimetamorphic rock, sandy shale, and quartzite with some
granite and a thick layer of Quarternary Period red soil. The terrace land
around the lake has generally undergone successive transformations of erosion--
main bottom--accumulation-—and burial. The four outlets from Dongting Hu

(of which Songzi, Taiping, and Ouchi remain, the Tiaoxian opening being
stopped up), plus the deltas of the four rivers together form an alluvial

and lacustrine plain that is crisscrossed by streams and dotted with culti-
vated fields.

Within this region, the land is lowlying and flat, most of it at an eleva-
tion of less than 50 meters above sea level and with a 6 degree gradient.

branches is composed mostly of sandy fluviogenic soil, and there is a sub~-
stantial area of sandy fluviogenic mud as well, all of which are suitable for
the growing of various kinds of crops. As a result of the large amounts of
silt brought into the lake by rivers and enclosing of portions of the lake to
make farmland, the lake's area has steadily shrunk; the bed of the lake has
gradually risen over the years; and the lake's ability to impound water has
weakened. Every year the threat of flooding or waterlogging exists in vary-
ing degrees. Passageways for the floodwaters must be built; dikes must be
made higher and stronger; the lake must be controlled and fields upraised,
and the drainage and irrigation system must be improved.
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Figure 3. Map Showing Types of Landforms in Hunan Province
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(2) The Changsha-Hengyang Hill and Basin Region

Red sandy shale, gravel, metamorphic rock, and granite are found here. At -
Heng Shan, Ziyun Shan, and on the east and south sides of the basin, some
granitic mass protudes to form a mountain range. Red layer basins are wide-
spread among the mountain ranges, some fairly large ones being the Changsha-
Pingjiang Basin, the Liling-Youxian Basin, the Chaling-Yongxing Basin, the
Xiang-xiang Basin, the Zhuzhou Basin, and the largest of them all, the
Hengyang Basin. 1In general, the elevation of the basins gradually decreases
toward their center. 1In the east monoclinal basins predominate, and the
water systems of all the basins connect together and merge, the Xiang Jiang
being the center of convergence. The Chunling Shui, Mi Shui, Lai Shui, and
Zheng Shui converge in the section of the Xiang Jiang at Hengyang where they
form a tree-shaped convergent water system. Terracing is well developed
along the river, the land rising in seven levels. Major cities such as
Hengyang, Zhuzhou, Xiangtan, and Changsha developed first on the terraced
land along the river.

Agriculture developed fairly early in this area. Transportation is conven-
ient; population is dense; intensivity of agriculture and the level of pro~
duction are fairly high, and suburban agriculture has a long history.
Transformation of the red hills and tablelands for use, and soil and water
conservation are conspicuous problems. Simultaneous with development of
agricultural production, vigorous efforts should be made to plant trees for
afforestation and to improve the ecological environment.

(3) The Lianshao Hill and Valley Region

This region is located between the eastern foothills of the Xuefeng Shan and
the Changsha-Hengyang Basin, and it is mostly a part of the Zi Shui basin.

It is a transitional zone in which the basins of the Xiang and Zi rivers
intermingle. Except for the craggy mountainiand along the border, most of
this region has hilly terrain, with short stretches of sandy shale and 1ime-
stone on the spines of the hills. It presents a picture of undulating hills,
ridges, and uplands. Elevation above sea level is between 100 and 500 meters,
and between 600 and 700 meters in some places. A 1-~3 grade plantation [0475
1138 7240] has developed that is crisscrossed by a water system shaped like
the branches of a tree. River valleys of the main stream and of major
tributaries are wide here and narrow there forming a partial basin-1like
topography. Basins such as the Xinhua-Lianyuan Basin, the Shaoyang-Longhui
Basin, and the Lingling-Qiyang Basin to the south are major agricultural
areas.

This region has a karst landscape of ridges and ravines, hills and lowlands,
and mountainlands with clusters of peaks. Below ground, karst caves are
fairly well developed. Most of the fields are wetlands, but there is a
certain percentage of drylands as well. There are an appreciable number of
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barren mountains and bald ranges suitable for development of water and soil
conservation forests and the growing of timber forests.

(4) The Mufu-Lianyun Mountain and Hill Region

This region is located in northeastern Hunan Province and is the watershed
area between the plains of the Dongting and Boyang lakes. The more than
1,000 meter high mountain peaks of granite and metamorphic rock gradually
trail off westward into low mountains and hills of 800 to less than 500
meters in altitude. Going from north to south are Yuegu Shan, Mufu Shan,
and Lianyun Shan as well as the Dawei Shan and Jiuling Shan complementary
dikes, all of which run obliquely in a north by east direction like a
wedge of flying wild geese. Mountain ranges alternate with valleys like the
character "duo" [1122] tilted at a 45 degree angle to the right. This
terrain both controls the direction of flow of the Xinqiang He, the Guluo
Jiang, the Laodao He, and the Liuyang He, and helps strong southwestern air
currents converge in the area. The region is prome to torrential summer
rains, and during winter, temperatures are warmer in valleys on the south
sides of the mountains than in the lake regions and in the valleys of the
lower reaches of the Xiang Jiang.

This region formerly produced abundant forests, and it is still an important

area for production of moso bamboo; however, other timber trees and broadleaf
forests have been seriously damaged. Soil erosion is serious in the granite,
and red sandy shale hill regions along the Xinjiang He, the Guluo Jiang, and

in the upper reaches of the Laodao He. Vigorous efforts must be made to grow
forests here and to do a good job of water and soil conservation work.

Basins among the mountains are major agricultural areas.

(5) The Wuling Mountain and Hill Region

This region lies to the south of the Hengshao hill basin, and is the major
part of the complex east-west tectonic area of the Nan Ling. Traveling from
west to east in the Wuling Shan region, one encounters the Yuecheng Ling,
Dupang Ling, Mengzhu Ling, Qitian Ling and Dayu Shan. To the north of the
large area of rugged terrain along Hunan's borders with Guangxi and with
Guangdong, as well as in the area where Hunan, Guangdong, and Jiangxi con-—
verge, Yangming Shan and Tashan act as a screen. Within Hunan, the mountain
ranges are formed mostly of granite and metamorphic rock arranged in an
interlocking pattern and extending in a somewhat east-west direction. Most
main peaks are more than 1,500 meters above sea level and act as watersheds
for the water systems north of the mountains, south of the mountains, and
for the Chang Jiang as well as for the Zhu Jiang water system. However, some
eroded tectonic valleys and relatively low strips of land between mountains
are also crisscrossed by water systems, and are narrow corridors for the
passage of air currents as well as for interprovincial intercourse.

Mountainlands within Hunan Province are at many levels, and low mountains
and hills are also widely distributed. In areas such as Rucheng, Guidong,
Lingxian, and Zixing in southeastern and eastern Hunan, mountains are fairly
massive, but these areas also contain some basins such as the Yongxing Basin.
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In the west are some basins among the mountains such as the Daoxian,
Ningyuan, Jiangyong, Lanshan, and Jiahe basins. 1In limestone areas, both
surface and underground karsting is very well developed, mostly forming
shapes that look like mountain peak forests and valleys, and solitary peaks
and valleys. There are numerous underground karst caverns and underground
streams. Because of the interlocking of mountain ranges and basins, there
are numerous types of topography. This region is located somewhat toward

the south and has a mountain screen to the north, so it has a rather ample
amount of heat. Moreover, vertical variations are fairly great and rainfall
fairly abundant, more falling on the southeast and southern side of mountains
than in central basins. Within the region are numerous mountains and forests,
and fairly good conditions exist for the overwintering of semitropical fruit
trees such as citrus. Quality of flue-cured tobacco and ramie produced here
is rather good. The hills and basins are mostly used for farming.,

(6) Xuefeng Medium and Low Mountain Region

This region occupies a fairly large area in the western half of the province
and is mostly taken up with mountainlands. It is cut in the northwest by the
narrow ribbon-like Yuanling-Mayang red mountain and hill basin where the
Xihuang Shan and the Wuling Shan protrude, and where mountain ranges and
valleys alternately rise and fall. ‘

The Xuefeng mountain range is controlled by Neo-Cathysian and arcuate
structures, the southern extremity assuming a north northeast direction,

and the northern extremity being bent around in an east by north to north-
east by east direction, interlocking in a series of folded and fractured
structures. The mountain is composed mainly of metamorphic rock and its
ancient rock formations, and towers in many ridges and peaks more than 1,500
meters high. The main peak, Subao summit on Luoweng Eight Sided Mountain,
rises to 1,934.3 meters, and cuts across a vast expanse of 15 counties
running for more than 300 kilometers. Its southern part has been powerfully
uplifted and shows multi-level planation, the 800-900 meter planation rising
to 1,200-1,800 meters. The eastern side descends in many stages and its
slopes are craggy. This complex mountainland system not only forms a water-
shed between the Yuan Shui and the Zi Shui, but is also the dividing line
between east and west in Hunan Province and between natural landscapes.

The broad mountainlands and the abundant forest resources in this area make
the middle and upper reaches of the Yuan Shui a concentrated forest area.
The valleys at the confluence of the Yuan Shui and its major branches are
farming areas, and the Qianyang and Shufu hills and basins grow tangerines
and pomelos.

(7) The Wuling Karst Mountain Plains Region

This region is located in northwestern Hunan on the left side of the
Yuanshui Valley and mostly in the basin of the Li Shui. It has been inten-
sively affected by the vast western Hubei-Guizhou Plain, and tilts upward
from the northwest to the southeast. In the north are Badagong Shan and
Huping Shan (at 2,099 meters above sea level), which tower over the Hunan-
Hubei border.
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Mountainlands in this region are well developed, with multi-level planations
(1,200, 1,000, 800, 600, 450, and 350 meters) plunging southeastward.
Tributaries on both sides of river valleys are asymmetrical. On the north
shore are long streams that flow from a distant source, while on the south
side the tributaries are short and swift. Along the Li Shui are large frac-
ture areas, and the fault escarpments there are imposing and precipitous.

Karst topography is well developed in the region. Starta contain pure lime-
stone, and the limestone contains small quantities of non—-carbonate rock.
Mostly the strata of limestomne and dolomite containing small amounts of non-
carbonate rock occur at different levels. As a result of long corrosion and
erosion by water, a complex peak and valley topography, and hill and funnel
jowland karst topography has been formed with fairly large numbers of under-
ground caves and underground streams. Generally, third degree planation and
karsting has developed everywhere. Streams are deep and course through
narrow V-shaped valleys. The mountains stand upright with precipitous
slopes, and the surface of plateaus are rugged and rough. As a result,
cultivated land is dispersed over a wide area. TFields are high and water

is low making water storage and irrigation difficult. As a result of
natural conditions such as the terrain and geology, not only is this region
suited to the growing of calcium-loving plants such as tung trees, Chinese
tallow trees, Chinese chestnut trees, eucommia trees, and cypress, but now
some mountain areas are keeping many kinds of relic plants and rare and
valuable trees. Mostly corn is grown in mountain drylands, and there is
also a certain area of grassland resources.
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Second Section. Climatic Conditions

Hunan Province is located between 108°47' and 114°15' east longitude, and
between 24°38' and 30°08' north latitude in the eastern part of the central
sub-tropical belt. This is a transitional zone in which winter and summer
monsoon winds and cold and warm air currents intermingle back and forth.

meters from the seacoast, and are screened by a horseshoe-shaped terrain that
opéns northward producing a continental environment. As a result of the
influence of monsoon circulation and the complex terrain, both moisture and
heat are unevenly distributed in tine. Winter brings a short period of cold,
while summers are long and hot. Spring is warm and very variable, while
autumn winds produce a chill. Rainfall is concentrated, the early part of
the year being wet and the latter part being dry, reflecting the fairly
strong continentality of the climate. Overall, both water and heat resources
are plentiful, and the growing seasons for major crops may be said to be well
meshed, which helps the all-around development of farming, forestry, animal
husbandry, sideline occupations, and fisheries.

1. Light Resources and Production Potential

The essence of agriculture is the photosynthesis of green plants, i.e., the
use of sunlight by green plants to convert inorganic carbon dioxide and water
into organic carbohydrates through the action of leaf chlorophyll and enzymes,
thereby producing farm products. Thus, solar radiation is the source of
radiation whereby farm crops carry on photosynthesis to produce output.

1. Number of Hours of Sunshine: In most years, Hunan Province averages
between 1,300 and 1,800 hours of sunsliine annually (Figure 4). The Dongting
Hu region and hearby hills and basins get the most, Yueyang receiving as
much as 1,840 hours, and Changde, Pingjiang, and Changsha getting more than
1,700 hours each year. Lingling and Chenzhou in southern Hunan also receive
more than 1,600 hours. Anhua in the Xuefeng mountain region and Tongdao in
southwestern Hunan receive about 1,400 hours of sunshine annually, while
Jianghua in the Mengzhu Ling mountain region receives only 1,360 hours.
Clearly, the amount of sunshine a place receives is determined not only by
geographical latitude but is also influenced to a very great extent by
topography and the amount of cloud cover. Hunan Province is one of the
regions in the country with a fairly large amount of cloud cover, more in
mountain regions than in hills and basins. The overall number of hours of
sunshine in the province is lower than for many parts of the country. Year
to yedr variation in the number of hours of sunshine is fairly great.
Changsha, for example, received 2,124 hours in its maximum year (1956) and
1,409 hours in its minimum year (1970), a difference of 715 hours. A simi-
lar situation prevails eélsewhere., The annual sunshine percentage rate
(actual number of hours of sunshine as a percentage of actual possible num-
ber of hours of sunshine) runs generally between 30 and 40 percent, and may
amount to more than 40 percent in lake regionms. During the course of a year,
both the number of hours of sunshine and the sunshine percentage rate vary
from place to place and from season to season. During July and August,
there are more than 200 hours of sunshine, and the sunshine rate is greater
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than 50 percent. During March and April, there are only 80 to 100 hours of
sunshine; in lake regions the sunshine rate is 30 percent, and about 25 per-
cent elsewhere. Autumn is second only to summer in the amount of sunshine,
which is greater than in winter and spring. The foregoing shows light and
heat conditions well matched in Hunan Province during July and August,
which makes for high yields of crops that are harvested in the fall, while
the scant sunshine during the reproductive and growth stages of overwinter-
ing crops is bad for the formation of firm grain and impairs output.

L LR )

(a)

Figure 4. Map Showing Average Daily Hours of Sunshine

Key:
a. Legend

2. Solar Radiation: Except for Changsha, solar radiation measurement data
are not available for most areas of the province. Preliminary calculations
show an annual solar radiation of between 92 and 114 kilocalories per square
centimeter, which is slightly above average for the country. Within the
province, the southeast tends to get more and the northwest less solar radia-
tion. The 105 kilocalories per square centimeter per year isopleth roughly
follows a line through the eastern foothills of the mountain regions of
Wuling, Xuefeng, Yuechen, and Dupang dividing the province into eastern and
western parts. In the eastern section, solar radiation amounts to 105
kilocalories per square centimeter per year, with places like Yizhang,
Xintian, Rucheng, Chaling, and Yueyang receiving more than 110 kilocalories
per square centimeter per year. The western area gets less than 105
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kilocalories per Square centimeter per year, with places like Anhua,
Longshan, Huayuan, and Jishou receiving less than 95 kilocalories per
Square centimeter per year.

There are seasonal variations in total radiation. 1In winter, total solar
radiation is between 14 and 17 kilocalories per square centimeter, which

is only 15 percent of the total for the year. 1In spring, it is between 25
and 27 kilocalories per square centimeter, or about 24 percent of the annual
total. In summer, most places get more than 40 kilocalories per square
centimeter or 37 percent of the annual total. During autumn, it is around
25 kilocalories per square centimeter, or 24 percent of the total for the
year. These changes are basically synonymous with the pattern for number

of hours of sunshine daily and temperature during the four seasons through-
out the province.

The visible light from solar radiation that plants absorb and use directly
is termed effective photosynthesis radiation (or physiological radiation),
which accounts for half the total radiation. In Hunan Province, the average
annual effective photosynthesis radiation value is 46-57 kilocalories per
Square centimeter, the higher figure applying to the lake regions and to the
hills and basins of central Hunan, and the lower figure applying to western
Hunan and other regions. April to September is the time of year when effec-
tive photosynthesis radiation is higher than at other times, and this is the
time when major farm crops grow, develop, and form seeds. Because of the
effects of temperature, gaps between crop seasons, and factors during the
initial period of growth, not all solar radiation light energy can be used.
If general methods could be suited to specific situations in a reform of the
farming systems to arrange matters so that grain would form between May and
August, this would rather fully use this segment of light energy resources.
Converted to grain output, this would mean yilelds of at least 3,800 to 4,000
jin per mu. 1In 1979, grain crop yields averaged 1,011 jin per mu of culti~
vated land, the yield roughly amounting to a 2.5 percent light energy
utilization rate. This is a long way from the 5 percent light energy
utilization rate that is attainable over wide areas. Consequently a consid-
erable potential exists for making full use of light energy resources to
boost grain yields per unit of area to the maximum in Hunan Province.

2. Heat Conditions and Agricultural Production

Temperatures average 16-18°C in Hunan Province in most years, the average
temperature in southern Hunan being about 2°C higher than in northern Hunan
and about 1°C higher in eastern Hunan than in western Hunan. Temperatures
on plains and in valleys run 1-2°C higher than in mountains and hills.
January temperature averages 4-7°C, with a difference of about 3°C between
north and south. The average temperature in July is 27-30°C, a 3.5°C
difference between east and west. The annual variation for all parts of
the province is between 19 and 25°C, the variation being greater in the
north than in the south and greater in the east than in the west (Figure 5).
In terms of the temperature limits for safe growth of most crops and the
special agricultural climate requirements of major crops such as grain and
cotton, southern Hunan has between 300 and 320 days when sustained average
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daily temperature is higher than 5°C (for the growing of overwintering crops
such as winter wheat, the sprouting of rape, or slow growth). Generally this
period begins during the second 10 days of January. Other areas have between
280 and 300 days, usually beginning during the last 10 days of February.
Southern Hunan has 250-260 days when temperatures remain above 10°C (for
vigorous crop growth), and other places have 240-250 days, usually beginning
during the last 10 days of March and continuing till the first 10 days of
November for a period of about 8 months. Active cumulative temperatures of
5,000-5,700°C are fairly common in the vicinity of Hengyang and Xintian and
less common in places like Anhua in western Hunan (Figure 6). There are
190-200 days when temperatures remain above 15°C (required for rapid growth
of heat loving crops like paddy rice and cotton.) Northern and northwestern
Hunan have between 160 and 180 such days, usually beginning toward the end

of April and ending in mid to 1ate October during which cumulative tempera=
tures reach between 3,900 and 4,900°C (with 80 percent certainty). Days when
temperatures are higher than 20°C (of particular importance to safe heading
of late crop rice) average 120 to 150. Usually such temperatures begin in
mid May and last until mid to late September. The average frost-free period
is 270 days for northern Hunan and about 310 days for southern Hunan. For
western Hunan and other fairly high mountain regions, it is somewhat more
than 250 days (Table 4 and Figure 7). Clearly Hunan Province has abundant
heat and its growing season is long. Most places have sufficient heat to
meet requirements for growing two Crops of rice plus five catch crops every

2 years as well as citrus, tea, tung, and moso bamboo.
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Figure 5. Map Showing Average Annual Temperature
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Figure 6. Map Showing Cumulative
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Figure 7. Map Showing Frost-Free Periods

Legend
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Average time of first frost is first 10 days of December
Average time of end of frost is first 10 days of March
Number of frost-free days is 265-280

Average time of first frost is last 10 days of November
Average time of end of frost is last 10 days of February
Number of frost-free days is 270-290

Average time of first frost is early to mid December
Average end of frost is early to mid February

Number of frost-free days is 290-310
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Table 4. Four Seasons and Length of Growing Season (Number of Days) in
Various Places in Hunan Province 1951-1974 ‘

@) @ | m | @ j k) BFHMBEFHAT STHMATFIT m
it 1 #g x ﬁt) %) ( BmEDHR iﬁ(ﬁi)m
5C 100 15T 20T | (1) (o)
(b)e ® | 70 130 | 60 105 | 285 | 239 | 183 | 138 5336.6 274
)k » 70 130 60 105 289 242 187 14¢ 5456,3 " 277
(d)# # 75 135 60 95 297 242 193 145 5557,2 300
(e) & 70 130 | 55 110 291 240 180 129 5172.7 279
(Y& 75 105 70 115 296 243 186 116 5013.3 I g7
Key:
a. Place i. Autumn
b. Yueyang j. Winter
c. Changsha k. Average daily temperature equal to
d. Chenzhou or greater than:
e. Zhijiang 1. Active cumulative temperature equal
f. Longshan ' to or greater than 10°C
g. Spring m. Frost-free period
h. Summer

Heat conditions in Hunan Province greatly benefit agricultural production
while having the following detrimental effects at the same time.

I. Cold Damp Springs

During the second 10 days in March, temperatures everywhere throughout Hunan
Province average more than 11°C, and during the last 10 days of March they
are above 12°C. During the first 10 days of April they climb everywhere to
more than 14°C. This is beneficial to the sowing and propagation of early
rice. However, the period from March to May is a transitional one in which
cold and warm air currents alternate. Cold waves are frequent; there are
numerous changes between cold and hot, and low temperature, rainy and over-
cast days are numerous. Cold air movements over the years have occurred on
an average of three or four times each month during March and April, which
is to say about once every 7 to 10 days, and two to three times each month
during May. If figured on the basis of an average daily temperature of less
than 10°C for each cold wave, then there are 2.9 to 3.3 occurrences every-
where during March and between 0.7 and 1.0 occurrences during April. There
is a gradual decline in frequency from north to south with a slightly greater
frequency only at Zhijiang in southwestern Hunan during March. (Table 5)

Inasmuch as cold wave activity varies in intensity from one year to another,
there are very great changes from year to year in temperatures during each
10-day period everywhere in the province, and a difference of about 100 per-
cent between high and low during the same period. Furthermore, the lowest
temperature is frequently greater than the extreme value that occurs during
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the shift to fair weather after the cold wave passes. During the first 5
days of March, temperatures of below 0°C occur everywhere, and during the
last 10 days of March and the first 10 days of April, temperatures below 3°C
occur everywhere. During the second 10 days of April, sometimes tempera-
tures are around 5°C, and during the last 10 days of April, temperatures
still have an extreme value of about 7°C. This shows that temperatures climb
slowly and are unstable during this period (see Table 6).

Table 5. Number of Times Average Daily Temperatures of Less Than 10°C Occur
During March and April Cold Waves in Hunan Province

L n 4% | | % A

(g) = A 3.2 3.1 2.9 3.0 | 3.3

(h) m A8 1.0 0.1 | 0.7 0.8 | 0.8

Key:
a. Place e. Yuanling
b. Yueyang f. Zhijiang
c. Changsha g. March
d. Chenzhou h. April

Table 6. Minimum Temperatures (°C) at Various Places in Hunan Province
During March and April

(a) = ' R (b) = A
() m™ (). TF (e) L1 t (c) L i (d) 1 F (e) L
(f) E L} -1.7 -3.8 1.4 " 0.8 T 5.4 6.9
(g) ¥ ¥ -1.6 ~2.3 2.9 2.5 5.0 6.4
(h) # iﬂ ~-2.7 = 0.5 0.6 1.3 4.7 6.2
(i) ® B - 1.4 -0.9 1.5 1.2 5.1 7.1
G) = o -1.7 -0.8 1.9 | 2.1 5.0 9.3
Key:
a. March f. Yueyang
b. April g. Changsha
c. First 10 days h. Chenzhou
d. Second 10 days i. Yuanling
e. Third 10 days j. Zhijiang

Each cold wave and drop in temperature is usually accompanied by continu-
ously overcast and rainy weather lasting from 3 to 5 days and sometimes for
as long as 10 to 15 days. That is to say that more than half the days in
March and April are overcast and rainy. As a result, the number of hours of
sunshine are relatively scarce. Except for Yueyang in northern Hunan with a
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31 percent sunshiny day rate in April, every place else has less than 30 per—
cent, particularly during March when it is generally less than 25 percent.
When the cold air currents hit northern Hunan, there are a fairly large
number of cold waves, but once the cold currents have stopped, the weather
becomes stable. 1In central Hunan, cold air currents have a substantial
influence and are also very strong. By the time the cold air currents
invade southern Hunan, their force has been largely spent; but they are
affected by warm air from the south and by the mountainlands, now intruding,
now receding, rising and falling. This change is particularly noticeable
in the area around Chenzhou. However, Xintian, Yizhang, and Liwu on the
south side of Yangming Shan and Qitian Ling are relatively little affected
by the cold waves.

The low temperatures and rainy overcast weather that occurs in the province
at the end of March, in early and mid-April, and in early May are very
unfavorable for the sowing of early rice and the propagation of seedlings,
as well as for differentiation of young panicles. They also hurt the sowing
of cotton, and the booting of wheat. Early rice is strongly temperature
sensitive, requiring temperatures above 10°C during the period of growth and
development of seedlings. At a temperature around 12°C, growth is slow, but
at a temperature above 15°C, growth is normal. When average daily tempera-
ture is lower than 10°C and overcast and rainy weather lasts for more than 3
days, rotting of seeds and seedlings becomes a possibility. If daily
temperature averages less than 14°c, transplanting of seedlings into open
fields can also be affected. The average period when temperature in Hunan
Province stabilizes at 10°C (i.e., an arbitrary 5-day average temperature)
comes fairly early in southern Hunan usually around 22 March. In northern
Hunan, it comes somewhat late, usually around 26 March. In other places, it
occurs between the two dates, tending to advance from south to north. The
date that can be guaranteed with better than 75 percent certainty is

27 or 28 March in most places, with the exception of northern Hunan where

it is 4 April. Thereafter, the period when average daily temperature will
be lower than 10°C is virtually sure to be no more than 3 days. Further-
more, following each cold wave there is usually a "return of warmth period,"
which usually occurs each year after 18 and 26 March. Probability is fairly
great that a warm period will occur between the end of March and around
Qingming [circa 5 April]. Consequently, generally speaking, plans for most
sowing are set for the period after the vernal equinox (i.e., during the
latter part of March) when the time is ideal after the cold currents: have
passed. It is necessary to act on the basis of weather forecasts and the
geography to grasp the "tail of the cold and the head of the warm" weather
to sow on time and to propagate seedlings carefully. Mid to late May is

the time of vigorous tillering of intermediate to late maturing early rice,
and early maturing varieties also begin differentiation of young panicles,
In some years, average daily temperatures of 20° or below 15°C occur causing
extremely slow tillering of seedlings. This produces serious black root and
seedling death, and increase in the empty glume rate hurts output. For this
reason, it is necessary to match varieties, plant sparsely for sturdy seed-
lings, transplant sufficient basic seedlings, and intensify fertilization
and watering.
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1I. Autumn Season Cold Dew Winds

As a result of the gradual southward movement of the interface between polar
region air masses and temperate zone air masses in autumn, around the time
of the autumn equinox in mid to late September fairly strong cold air fre-
quently invades the province and average daily temperature may plunge to
below 20°C to the accompaniment of. sustained overcast and rainy weather.

The masses term this the "autumnal equinox storm" or the "mass wind," which
is now generally termed the cold dew winds. This is precisely the time when
double crop late rice heads and flowers. When it encounters such cold
weather, it undergoes physiological functional deterioration causing an
increase in the empty glume rate or even inability to head, which leads to

a fall in yields. )

The average time of onset of average daily temperatures below 20°C in Hunan
Province is between 17 September and 2 October, low temperatures occurring
earliest in the province's northwestern prefectures, particularly in
Huayuan County, and latest in prefectures to the south of Hengyang. The
earliest dates of occurrence are 3 September in western Hunan and

10 or 11 September in eastern Hunan; however, in most areas low tempera-
tures begin around 11 September. Thus, there is no great difference between
one place and another, but there is a substantial difference between one
place and another in the annual probability of occurrence and in duration.
In places to the south of Chaling and Hengyang, cold dew winds occur on an
average of three or four times every 10 years; in central Hunan and the lake
region, as well as at Zhijiang and Yuanling in western Human, they occur omn
an average of five or six times every 10 years; and in northwestern Hunan
they occur seven or eight times every 10 years. 1In general, cold dew winds
are not likely to occur before 10 September. Except for Changsha and
Chaling, where some uncertainty exists, the likelihood that cold dew winds
will occur elsewhere between 10 and 15 September is between 4.2 and 21.1
percent. For the period 15 to 20 September, the likelihood is 4.2 to 29.4
percent. The likelihood of occurrence between 20 and 25 September is 4.2

to 28.6 percent; and the likelihood of occurrence between 25 and 30 September
is 12.5 to 41.2 percent. As time passes, the probability of occurrence
gradually increases. In some years, after low temperatures occur during the
last 10 days of September, they continue or climb only slowly in early
October, and the threat that the late rice crop will not mature becomes
increasingly serious. Usually cold dew winds last for 3 to 4 days, or 8 to
11 days at most. During this period, average temperature in most years is
around 17 to 18°C. 1In.lowest years, they may fall to around 16°C every-
where, and in extremely low years, they may even fall to around 12-15°C.

In addition, comparison of meteorological data for September from Guidong,
Nanyue and Huayuan with data from nearby Chenzhou, Hengshan and Yuanling
shows temperatures to fall by from 0.53-0.62°C for every 100 meter rise in
elevation. The onset of sustained average daily temperatures lower than
20°C must be advanced by 1.6 to 3.5 days, and the period of crop growth and
development must be reduced by an average 1-2 days. '

Because of the threat that cold dew winds pose to the late rice crop, the
heading period is a crucial ome. If temperatures during this period are
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above 20°C, the damage is slight. Therefore, strict control over continuous
cropping of late rice to assure an 80 percent probability of safe heading is
imperative, using knowledge of the times when cold dew winds strike and the
changes in air temperatures at different strata in individual areas. The
safe heading period for places to the south of Chaling and Hengyang is before
25 September; for most places in the vicinity of Changsha, Shaoyang, Yueyang,
and Changde, it is before 20 September; and in western Hunan and mountain
regions, it is before 15 September.

The province's current promotion of the growing of hybrid rice has resulted
in remarkable increases in yields. Hybrid rice is temperature sensitive,
and high temperatures and strong sunlight are important conditions for
getting the most out of hybrid rice. However, both low temperatures and
high temperatures impair heading. If temperature conditions are not favor—
able, large numbers of empty glumes and decline in yields may result.

Hybrid rice requires a long growing season, and in Hunan Province the total
growing season for intermediate rice is between 135-140 days. For the grow-
ing of double crop late rice, the full growing season is around 125-130 days.
It is extremely important to set a safe full heading period and a suitable
sowing period in order to get bumper harvests. Research shows that when
average daily temperatures are greater than 30°C for 11 out of any 15 con-
secutive days during the hottest days of summer, damage occurs to inter-
mediate hybrid rice during its booting stage. At Changsha, the period of
high temperature damage begins on 6 July and ends on 16 August (an 80 percent
certainty rate). Ten days after the onset of high temperature and the final
day are termed two safe full heading periods for intermediate hybrid rice.
In order for full heading to take place before 16 July, the rice must be sown
in late March or early April with transplanting of seedlings taking place

at the end of April or early May. For heading to begin after 16 August,
sowing must be done after 20 May, with transplanting of seedlings taking
place during the last 10 days of June in order to avoid damage from high
temperatures during the period between mid-July