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FOREWORD 

Economic growth is generally considered in terms of rising real 

income per person. Defined in this way, economic growth can be 

achieved through advancement of production techniques to make it 

possible to produce a greater output with the input of a given quantity 

of resources. Thus, the changes in productivity may be said as the 

result of technological improvement. 

For the measurement of technological effects on productivity 

change, some economists have suggested several alternative approaches. 

One of them is the total factor productivity approach based on the 

changes in total output per unit of input. In order to identify the 

factors influencing input-output relationship and investment, Lee, a 

co-author of this report, collaborated in 1958 with Dr. S. C. Hsieh, 

then Chief of JCRR Rural Economics Division, in making a study of 

the total factor. productivity of Taiwan's agriculture which is reported 

in a book entitled "An Analytical Review of Agricultural Development 

in Taiwan-An Input-output and Productivity Approach." Since then, 

a continued series of output and input indices have been constructed. 

During this period, the compiling procedure and input items have been 

improved year by year. However, although the above-mentioned study 

has been recognized as an important pioneer effort in this part of the 

world, the metHodology of index compiling, data collection and 

productivity measurement has never been published in any form. This 

shortcoming has led to many inquires from outside economists, and to 

difficulties in keeping consistency in data evaluation on inputs and 

outputs throughout the period. 

To fill such a gap, we took the opportunity of attending a 

conference on agricultural productivity held in Hawaii in 1973 to write 

a paper about the methodology we used before. 

The present report is based mostly on the paper presented at the 

Hawaii Conference. We would like to expre~ss our sincere appreciation 



to Professor Herman M. Southworth for his invaluable help in 

editing the original draft. However, the authors alone are responsible 

for any error that may be found in this publication. 

January 1975 

Taipei, Taiwan 

Teng-hui Lee 

Consultant 

Sino-American Joint Commission 

on Rural Reconstruction 
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PART I. GROWTH RATES OF TAIWAN AGRICULTURE, 1911-1972 

The objective of the study as reported in Part I is to reView 

agricultural development in Taiwan from 1911 to 1972, the period for 

which suitable time-series data are available. Emphasis is on the trend 

of agricultural output, changes in factor inputs in the agricultural 

sector, and the growth in total and partial factor productivities. The 

main findings are summarized in tables of compound annual growth 

rates and in charts. 

Supplemental notes in the last section of Part I summarize Taiwan's 

agricultural history prior to the period of intensive analysis, and 

provide an interpretation of agricultural development in relation· to 

changing general economic and political conditions. 

A detailed explanation of sources of data, procedures of statistical 

data compilation, and methods of analysis is given in Part II. Annual 

time-series data and supplementary statistics are presented as Appendix 

Tables. 

1. Definitions and Coverage 

Agricultural output is the main indicator used in this study as a 

basis for estimating agricultural productivity. It consists of domestic 

agricultural production exclusive of the part used on farms as intermediate 

goods for further production, such as feeds and seeds. Agricultural 

output includes crops and livestock products but not forestry and 

fishery products. 

The output index includes all the 109 farm products produced in 
Taiwan. Green manure and farm by-products (straw, sweet potato 

vines, sugarcane leaves, and animal manure) are excluded both from 
output and from intermediate goods. Imported and domestically 

processed products used for feed are treated as non/at'm current inputs, 
and therefore they, likewise, are not included in intermediate goods .. 

In calculating the output index, the individual farm products are 
aggregated at 1935-37 average prices.!) The same base period is used 
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for the constant-price indexes of nonfarm current input, fixed capital, 

and cultivated land. 

Productivities are estimated on the basis both of total output and 

of gross vallee added-the total output minus nonfarm current input. 

To calculate gross value added at constant prices, the total output at 

constant prices in each year is multiplied by the year's gross-value­

added ratio, i.e. the ratio of gross value added to total output both 

measured at current prices. 

To minimize the effects of weather and other irregular factors, 

five-year moving averages of the output and input indexes are used to 

compute the growth rates of output and productivity. Hence in the 

analysis that follows, reference is made to the whole period of the 

study as 1913 to 1970 (representing the averages of the years 1911-15 

and 1968-72. respectively). Similarly, in explaining the growth rates of 

output, input and productivity throughout the report, references by 

year generally indicate averages of five-year periods centering on the 

year specified. 

2. Phases of Agricultural Growth 

For analytical purposes the period under study has been divided 

into six sub-periods that correspond to six reasonably distinct phases of 

agricultural development in Taiwan. The first phase was fwm 1913 to 

1923, the initial period of agricultural development under Japanese 

colonial rule. The sec(lnd phase, 1923 to 1937, was a period of success 

in agricultural transformation. The third phase, 1937 to 1946, was 

characterized by a downward trend of agricultural output as a result 

of war and typhoon damage. The fourth phase, 1946 to 1951, was a 
period of rapid recovery and rehabilitation of Taiwan agriculture 

immediately after World War II. The fifth phase, 1951 to 1960, was 
a time of further development. Finally, the sixth phase, 1960 to 1970, 

has brought down to the present a period of sustained agricultural 

growth characterizing the turning-point in the general economic 

development of Taiwan. 

The selection of the years 1937, 1946, and 1951 as division points 
calls for further explanation. Agricultural output reached its· prewar 
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peak in 1937. For the next several years output decreased year by 
year, reaching its lowest level in 1946. Then began the rapid recovery 

of agriculture from war damage. This was so successful that by 1951 
output had surpassed the prewar peak. 

3. Trends in Agricultural Output 

Except for the short-run decrease in output during World War II, 

the agriculture of Taiwan experienced a long upward trend of production 

throughout the 57 years from 1913 to 1970. The average annual 
growth rate of agricultural output for this entire period was 3.0 
percent. A higher growth rate was observed in the postwar than in 

Table 1. Growth rates of total production, total 

output and gross value added in agriculture 

C%)* 

Phase of Development T I I Gross 
P . d ota Tota 1 eno d' va ue pro uctIOn output added 

Initial phase of agricultural development 
under Japanese colonial rule 1913-23 

Agricultural transformation under 
Japanese colonial rule 1923-37 

Agricultural development under the 
impact of World War II 1937-46 

Recovery and rehabilitation phase of 
development of agriculture after 
World War II 1946-51 

Further development of agriculture 
after the rehabilitation 1951-60 

Sustained development of Taiwan 
agriculture at the economic 
turning point 1960-70 

Average of pre-war period 
Average of post-war period 

Average of whole period 

1913-37 
1946-70 
1951-70 

1913-70 

2.7 

4.0 

-4.9 

10.3 

4.6 

4.1 

3.5 
5.5 
4.3 
3.0 

2.8 1.9 

4.1 3.8 

-4.9 -3.9 

10.2 9.2 

4.7 4.1 

4.2 3.3 

3.6 
5.6 
4.4 
3.0 

3.0 
4.8 
3.7 
2.6 

* Growth rates, here and in subsequent tables, are annual compound rates of 
increase between five-year averages of the data centered at the years shown. 
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Figure 1. Trends in total production, total output, and gross 

value added in agriculture (1935-37 constant prices), 

five-year moving averages, semi-log scale. 
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the prewar period. Prior to World War II output expanded at an 

increasing rate, but after the war there has been a diminishing rate of 

growth. ,This can be seen in Figure 1, which shows the trends of 

agricultural production, output, and gross value added throughout the 

period. The average annual growth rates in the successive phases are 

presented in Table 1. The development situation and the factors 

associated with the growth in output will be reviewed briefly, phase by 

phase. 

(1) Initial agricultural development: 

From 1913 to 1923 the average annual growth rate of agricultural 
output was only 2.8 percent. The growth rate of total production was 

quite close to that of total output, but that for gross value added was 
smaller, only 1.9 percent per annum. 

Expansion of the cultivated land area was the main factor 
contributing to the increase in agricultural output during this period. 
The cultivated land area increased from 687,000 hectares in 1911 to 
775,000 hectares in 1925, an increase of 6,300 hectares per year. 



Yields of rice and sugarcane, the two major crops, did not increase 

significantly in this decade. The yield of rice ranged from 1,300 to 

1,500 kg per hectare, that of sugarcane seldom exceeded 30,000 kg per 

hectare. 

(2) Agricultural transformation under Japanese colonial rule: 

From 1923 to 1937, agricultural output increased by about three 

fourths, an annual growth rate of 4.1 percent. This rapid increase 

was the combined result of a rise in crop yields, an expansi on in 

cultivated land area and an increase in multiple cropping. 

The Japonica type of rice, ponlai, was successfully introduced during 

this period and was extended to farmers very quickly. In the 1930's, 

several important new varieties of special crops, fruits, and vegetables 

also were introduced. The yield of rice thus grew to over 2,200 kg per 

hectare, and that of sugarcane was more than doubled as compared 

with the previous phase. Use of chemical fertilizer also was important 

in the increase of crop yields. 

The average increment of farm land area was 5,900 hectares per 

year from 1921 to 1939. Irrigation is essential in Taiwan because of 

the predominance of rice culture and the uneven distribution of rainfall 
throughout the year. The average annual capital investment in 

irrigation in 1911-20 was less than one million Taiwan dollars (1935-37 

value), but it jumped sharply to 6.6 million Taiwan dollars in 1921 

-35. 2
) As a result, the area of irrigated land increased from 311, 000 

hectares in 1921 to 532, 000 hectares in 1938, and the irrigated portion 

of the cultivated land area increased from 41 percent to 62 percent 

during the period. 

The increase in irrigated area made more multiple cropping possible. 
In 1932, the multiple cropping index for the first time rose above 130. 

(3) War years: 

From 1937 to 1946 agricultural production decreased rapidly due to 
typhoon and war damage. A 30 percent drop in per hectare yields 
together with a slight decrease in both crop area and cultivated land 
area brought down agricultural output by 36 percent, a decrease of 4.9 

percent per year. 
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(4) Rehabilitation and recovery: 

Taiwan's economy was in disorder at the end of the war. Inflation 

threatened the people's living, and food shortages were aggravated by 

the large influx of migrants from the Chinese mainland. The price of 

food was 40 percent higher than the general price level. 

However, this situation did not last long. With the favorable price 

of farm products, and with continued supply of production inputs, 

particularly chemical fertilizer from the United Nation's Relief and 

Rehabilitation Administration, agricultural production steadily revived. 

By 1951 output surpassed the prewar peak. The growth rate of output 

in this period averaged 10.2 percent per year, the highest in the six 

phases. 

Increase in crop area, rather than in crop yields, was the main 

factor contributing to the rapid increase in agricultural output. For 

instance, the multiple cropping index in 1945 was only 112, the lowest 

in the past 60 years. It increased to 170 in 1951. Yields of major 

crops were still less than the prewar records. 

(5) Continuing development after rehabilitation: 

Despite the inherently unfavorable basic conditions of insufficient 

land resources and small-scale farming, Taiwan agriculture advanced 

impressively in the period from 1951 to 1960. Annual growth of output 

averaged 4.7 percent, higher than at any time before the war. 

The advancement of agricultural technology was remarkable in this 

period. New and improved methods and techniques were continuously 

being developed and put into general practice. New chemicals, fertilizers. 
and other production inputs became increasingly available, and small 

farmers made effective use of them. As a result of the technical 
advances in this period, considerable gains were made in boosting crop 

yields, and a better crop rotation system further increased the index of 
multiple cropping. Annual growth rates of crop yield and multiple 

cropping index for the period were 3.1 percent and 0.9 percent, 
respectively, just next to the recovery period. 

(6) Sustained development of agriculture at the economic turning point: 
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The average growth rate of agricultural output from 1960 to 1970 

was 4.2 percent, slightly lower than in the preceding phase. Output 

increased most rapidly in the first half of the decade, owing to the 

expansion in production of newly developed products, such as mushrooms 

and asparagus, and the strong demand for agricultural products in the 
international market. 

However, in the second half of the decade, the economic structure 

of Taiwan reached a turning point. The vast outflow of rural people 

to urban areas led to a labor shortage in the agricultural sector. 

Agricultural wages went up sharply. 

At the same time, unfavorable prices, especially of winter crops, 

also led to a decrease in crop area; consequently, there was a slight 

drop in multiple cropping index. Livestock production expanded rapidly, 

but the growth of total agricultural output slowed down. 

4. Growth in Agricultural Production by Commodity Groups 

Among the several groups of farm products we find considerable 

differences in rates of increase in production. The trends are compared 

in Figure 2, and the average annual rates of increase over the whole 

period and by sub-periods are shown in Table 2. 

For the period as a whole, the average annual increase rate of 

agricultural production was 3.0 percent. However, livestock production 

increased at a higher rate, 3.9 percent, and crop production at a 

lower rate, 2.8 percent. In the prewar years livestock production 

lagged a little behind crop production, increasing by 3.4 percent per 

year versus 3.5 percent for crops. But in the postwar years this 

relationship was reversed: livestock production increased at the high 

annual rate of 9.1 percent for 1946-70 or 7.7 percent for 1951-70, 

compared with the more moderate rate of 4.9 percent or 3.6 percent 

for crop production. 

Among the crop categories, fruit production increased the most 

rapidly-6.0 percent per year over the whole period. Vegetable 

production was next highest, averaging 5.1 percent per year. Both 

rates are much higher than the all-crop average of 2.8 percent. For 

the group of other common crops the rate was about average, 2.9 

-7-





Figure 2. Trends in agricultural production by commodity 
groups (1935-37 constant prices), five-year averages, 
semi-log scale 
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share of the special crops, which include sugarcane, dropped sharply 

from 24 percent in 1926-30 to about 10 percent in 1968-72. (Figure 3b 

and Appendix Table 7). 

In contrast, the relative share of livestock production has increased 

greatly during the last two decades. By 1968-72 the importance of 

livestock production in total agricultural production was almost as large 

as that of rice production. (In fact, on a single-year basis the value 

of livestock production exceeded that of rice in 1971 and 1972.) 

The strong demand for asparagus, mushrooms, and bananas and 

other fruits in both foreign and domestic markets stimulated rapid 
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Figure 3. Percentage composition of agricultural 

production by commodity groups 

a. Real composition (at 1935-37 constant prices) 
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growth of fruit and vegetable production in the latter half of the 1960's. 

The rapid increase of livestock, fruit, and vegetable production in 

recent years, in conjunction with the increase in per capita income, 

has made possible a general improvement in people's dietary patterns? 
including higher protein consumption. 
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The relative importance of individual products in the total value 

of agricultural production obviously depends upon relative prices as well 

as upon quantity of production. If we value the products at their 

1935-37 average prices (Figure 3a and Appendix Table 8), we find that 
the importance of rice comes out higher throughout the entire period 

than when current prices are used. This implies that the price of rice 

was relatively high in 1935-37. 

The relative importance of fruits and of livestock products, on the 

other hand, is smaller when they are valued at 1935-37 prices throughout 

the period than when calculated at current prices, indicating that their 

prices were relatively low in 1935-37. 

For the other commodity groups the differences are not uniform, 

although their relative importance in production tends most often to 

appear less in terms of 1935-37 prices than at current prices. 

5. Trends in Factor Inputs 

The expansion of agricultural output in Taiwan has been brought 

about in two ways: (1) by increase of factor inputs used in production, 

and (2) by improvement and advancement of agricultural technology. 

The factor inputs are discussed in this study in four categories: non­

farm current input, land, labor, and fixed capital. 8
) The high growth 

rate of agricultural output has been achieved with relatively small 

increases in cultivated land area and number of agricultural workers 

and relatively large increases in current inputs and fixed capital. The 

rates at which various inputs in agricultural production have increased 

in selected periods are shown in Table 3. 

Of the four categories of factor inputs, current input had the most 

remarkable growth, averaging 5.7 percent per year over the entire 

period. This input category, in which fertilizer and feed are the 

largest components, has been the most important strategic factor in the 
expansion of agricultural output. The annual input of chemical 
fertilizers used in agricultural production averaged less than 6,000 

metric tons in 1911-15, increased sharply to a prewar maximum of more 
than 456,000 metric tons in 1936-40, dropped drastically to less than 
100,000 metric tons in 1945-49, but thereafter again increased rapidly, 

-11~ 
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