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Abstract. Due to climate change, the agro-climatic indicatorSon La province has changed in
the following trends: (i) the total heat in the Wén- Spring crop and the Summer crop as well
as the total annual heat have increased,; (i) Tinguat of time in a year with temperature below
20 degrees has shortened; the amount of time @aawith temperatures above 25 degrees has
lengthened; (iii) the absolute minimum temperaterals to increase rapidly; (iv) the rainfall in
Winter - Spring crop has increased slightly whertbasseason rainfall and total annual rainfall
tend to decrease. The climatic factors in Son Lavipce obviously affect rice yield in the
Winter - Spring crop, the Summer crop as well am @nd soybeans. However, compared with
other crops, soybean yield is less related to d¢laiactors. There are major differences in
climate characteristics between the high and the twops yield year. However, these
differences depend on the type of the crop andhdneest season.
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1. INTRODUCTION

Along with agricultural land loss due to sea lefisg, climate change also greatly affects
the farming sector through many impacts (rising geratures, precipitation change and the
occurrence of extreme weather phenomenon, etc.2,[13]. this change not only directly
influences the crops (seasonality, yield and gualftagricultural products, etc.), but also has
indirect effects through other species (pollinatbi@mful organisms, etc.). Therefore, assessing
changing trends of agro-climatic indicators andrtmepacts on crop yields in context of climate
change has profound practical significance to attaplimate change.

Son La province is located in the north-westernt paVietnam, which has a strategic role
in the development of socio-economy and politicehviopological diversity.possessing much
potential. Son La province is assessed to have raduagintages for developing cultivation [4]
however, in recent years, under the impacts ofatknthange, Son La has always faced natural
disasters and extreme weather (frost, cold weatheught, etc.), which badly influences many
aspects, especially food security.
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Besides assessing the changing trend of agro-etinmadicators in context of climate
change, this paper also aims to evaluate the efffetitis change on the productivity of some
main crops in Son La province to produce suppottasgis for decision makers enhancing their
natural resources management policies as well@s-soonomic planning.

2. MATERIALS AND METHODS
2.1. Collecting information

Meteorological data: Average air temperature, murimair temperature, evaporation,
precipitation data collected from Son La meteorimalgstation (from 1961 to 2013) are used for
analysis and evaluation.

Information concerning harvest season, crop yieklxollected from the Bureau of
Statistics and the related boards in Son La previ{from 1996 to 2013) and from reports related
to agricultural production such as harvest seasomposition, cultivated area, productivity and
yields [5].

2.2. Assessing changing trends of agro-climatic inghtors

Recently, the changing trend of historical climagicd agro-climatic indicators is often
evaluated based on the calculation of the slogbeofinear regression line [2, 3, 6], the equation
as following:

X=g+at
where X is calculated from the data serigsxy, ..., %, where xrepresents the observed data at

time i; t is the time step, could be months, yedesades ...ads the cut-off coefficient,ais the
slope (if a> 0 — the series tends to increase, k& — the series tends to decrease ).

Studying the changing trend of agro-climatic intlica in Son La province is based on a
number of key criteria (total average air tempemgtuhe starting and ending day with
temperatures over 20 degrees, 25 degrees; thausbsthimum temperature and total rainfall).

2.3. Assessing effects of climate on crop yields

At the present, there are two approaches to agsesdfects of climate on crop yields, with
different methods [2, 3]: (1) Time series analyisplan method quantitatively simulates the
process of photosynthesis, respiration, growth, leeett and moisture regimes within the plant
population. This is a complex problem which is cowmmpded by a series of physiological
processes influenced by environmental factors auiivation regimes. Therefore, this method
requires conducting field experiments to determtine input parameters for the model (2).
Statistical method examines the relationship betmaep yield and climatic indicators during
growth, development and yield. This method is éagpply and less expensive. In this research
we decided to use the statistical method.

Crop vyields consist of 2 components: trend proditgti (depending on cultivation
conditions: soil fertility, fertilizer, seed, crgpotection measures, planting techniques and care)
and weather productivity (affected by weather) (Fégl).
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Figure 1.The relationship between the components of crojdyie

The difference between the actual yields with tead yield is the yield caused by weather:
YTT = YT - YXT,
where: YTT is weather productivity (kg/ha); YTisngtld (kg/ha); YXT istrend productivity.

Based on studying time series of weather produgtamd climatic factors at the same time,
the impact of climate on each crop yield is evadat

2.4. Methods of assessing the reliability of the oelation coefficient

Verification of the magnitude of the correlatiorefficient is commonly used in the study
of the impacts of climate variation on crop yieldsprovide objective conclusions about the
correlation between variables [1, 3, 7].

The equations for verifying the relationship betwé&®o series is as follow [6]:

1
_ta /2,n—1Sr < rk < +ta/2,n—lsr Sr = ﬁ

In particular, ¢ iscorrelation coefficient; Sisstandard error of the autocorrelation
coefficients ¢;{,,,4 is the percentage of distributimnof Student’s distribution with n-1
degree of freedomis usually set to be 0.15 in this circumstance [1].

DATA:
y *  Agricultural climate indicators
e«  Cropyield
Trend change of agricultural climate The impact of agricultural climate
indicators indicators on crop yields

__> ADAPTATION <

Figure 2.The conceptual framework.
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Because the number of samples is 18 (from 1996)2Gh8 coefficient of correlation
between crop yield with climate factors beyond 230is considered correlations significant in
terms of statistics with a significance level di®.

Framework to carry out the research is represeantEijure 2.

3. RESULTS AND DISCUSSION
3.1. Trends of agro-climatic indicators in Son La

The study of assessing changing trends of main-@gmatic indicators in Son La
deducedthe following results:

The total heat in Winter-spring season (from Jant@arJune), the total heat in the season
(from July to December)) and total annual heat tienthcrease (Winter-Spring crop increases
by 43 degrees/decade; Summer-Autumn crop incrdas&8 degrees/decade. The whole year
increases by 77 degrees/decade).

e The annual absolute minimum temperature tends padlsaincrease, approximately
0.6°C/decade.

* The Winter-Spring rainfall is expected to slightlycrease, around 10mm/decade,
rainfall in harvest season is supposed to decliadomt 27mm/decade, annual total
rainfall is predicted to fall to about 15 mm/decade

* The precipitation in Winter-Sping is projected toanginally go up, roughly
6.8mm/decade; in harvest season, it is forecasts@ynificantly rise (14.8 mm/decade),
the yearly trends is raised to nearly 31.2 mm/decad

Table 1. The changing trends of total heat and total &dliiri the period 1961-2013.

. Winter — Spring Harvest season
Indicators All year
(January to May) (June to October)

Total heat Increase 48/decade Increase 38C/decade Increase 77C/decade
Annual absolute Increase 0.8C/decade
minimum
temperature
Total rainfall IncreaselOmm/decade |Decrease27 mm/decade |Decrease 15 mm/decade
Total evaporation| Increase6.8mm/decade| Increasel4.8 mm/decade |Increase 31.2 mm/decade

The favourable period for the growth and developneériemperate plants are likely to be
shorter (starting day with temperature below 20reeg tends to come later for about 2.3
days/decade, ending day with temperature belowezffees has tendency to arrive earlier for
2.7 days/decade. In contrast, period with tempesatibove 25 degrees tend to last longer
(starting day with temperature above 25 degreescearlier for about 2.9 days/decade, ending
day with temperature above 25 degrees tends to damee than for approximately 8.7
days/decade).
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Table 2. The changing trends of the start day and endwtiigh the air temperature excess'@tand 25C.

Indicators Start day End day Effect
Excess 20C Delay 2.3 days/decade 2.7 days/decade earlier |Cold period will beg
shortened
Excess 25C 2.9 days/decade earliefDelay 8.7 day/decade |Hot period will be
expanded

The absolute minimum annual temperature tendséorapidly (about 0.6 degrees/decade).

The rainfall of the Winter-Spring crop (from Janpao May) tends to go up slightly (10

mm/decade), the rainfall of the season crop (frormyMo October) tend to decline (27
mm/decade), total annual rainfall tends to decréBsenm/decade).

3.2. The influence of climate on main crop yieldsiSon La province

3.2.1. Components of trend yield and weather yoélkthe plants

Based on surveying the suitability of the trendveuobtained from different methods
(moving average method, regression, conditioninigyiitenethods, etc.), we have identified rice
yield sequence of Winter - Spring crop (Figure Symmer-Autumn crop (Figure 4), maize

(Figure 5) and soybeans (Figure 6).
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Figure 3.Actual rice yield and trend rice yield of Wintepithg crop (Son La province).
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Figure 4.Actual rice yield and trend rice yield of Summewstdmn crop (Son La province).
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Figure 5.Actual yield and trend yield of corn (Son La prose).
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Figure 6.Actual yield and trend yield of soybeans (Son tavpce).
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In Son La, trend yields of three crops (rice, caml soybeans) tend to rise. In particular,
winter-spring rice and maize have faster trenddyitlan rice and soybean crops (Figure 3,
Figure 4, Figure 5, Figure 6). Based on seriesfshaf actual yield and trend yield of the plants,
we can determine the impact of climate factorsrop gields (Figure 7).

Weather yield of some crops in Son La provincettlates quite greatly throughout years
(Figure 6).

3.2.2. The relationship between weather crop yields climate factors
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Figure 7.Weather yield of some crops mainly in Son La.

Based on the calculated correlation coefficientsvben weather yields of each crop type
with agro-climatic factors, we can assess the irtgpaicclimate on main crop yields of in Son La
with different season frame.

3.2.3. In terms of Winter-Spring rice crops

Table 3 shows the correlation coefficient with istatal significance (correlation value
beyond the range + 0.23).

In Son La, all the major climatic factors have ktienship with the Winter-Spring rice
crop. Among them, rice is most impacted in MarclpyiA This is the booting and flowering
stage of rice, so it is very sensitive to the weaffhenomenon (Table 3).

On the other hand, temperature and evaporatioati@rs are inversely correlated with rice
yield, which means that Winter-Spring crop gainghkir yield in the years of temperatures and
evaporation lower than average.
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Table 3.The relationship between weather productivity ohW/i-Spring rice with climate factors.

Months
No | Climate features
I Il 1] v

1 Monthly average temperature -0.32 -0.26 -0.24
2 Monthly highest/maximum average temperature | -0.32 -0.34

3 Monthly lowest/minimum average temperature -0.47
4 Total monthly rainfall 0.29 0.24
5 Highest daily rainfall per month 0.33

6 Total monthly evaporation -0.36 -0.45 -0.55 -0.30
7 Relative monthly average humidity 0.32 0.33

8 Total hours without sunlight -0.39 0.25

3.2.4. In terms of Summer-Autumn rice crop

In general, rice crop in Son La is quite sensitiveveather changes, especially the months

of early and late stages. Some features of pratigit and evaporation reach a very high

correlation coefficient with rice yield (x 0.7).

If the Summer-Autumn rice usually gains high yigld/ears with temperatures higher than
average, years with much rainfall often resuliow ield (negative correlation).

Table 4.The relationship between weather productivity @fsge rice crop with climate factors in
Son La province.

) Months

No | Climate features Vi Vi Vil ™ X
1 Monthly average temperature 0.36 0.50
2 Monthly highest/maximum average

temperature 0.25 0.54
3 Monthly lowest/minimum average

temperature 0.35
4 | Total monthly rainfall -0.45 -0.59 -0.56 -0.66
) Highest daily rainfall per month -0.44 -0.25 -0.60 -0.75
6 Total monthly evaporation 0.61 0.36 0.42 0.76
7 Relative monthly average humidity 0.27 -0.67
8 Total monthly sunshine hours 0.34 0.37

3.2.5. In terms of corn

Overall, in Son La, the climate features are relabemaize yield. In particular, temperature
and evaporation features have closer ties tham tghtures (Table 5).
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Table 5.The relationship between weather productivity ahoeith climate factors in Son La province.

Months
No. Climate features IR \'/ VoV Vi v x| x| x
1 |Monthly average temperature|-0.47 -0.55| -0.45| -0.41 | 0.37 -0.31
5 Maximum monthly average 057 -053 0.54 -0.34
temperature
g Minimum monthly average | g 54 | 026| 028 -0.24 -0.63
temperature
4 |Total monthly rainfall -0.26 -0.36/ | 0.45 0.33 0.31
5 |Highest daily rainfall -0.26 -0.31 0.28 0.27
6 |Total monthly evaporation -0.36 -0.54| -0.46 | -0.43 | 0.56
7 Monthly average relative 0.51 0.60-0.24 | 0.26
humidity
8 |Total monthly sunshine hours -0.29 0.55

3.2.6. In terms of soybean

Table 6.The relationship between weather productivity oftean with climate factors in
Son La province.

No. | Climate features Months
.| Cli u
I Il 11 v Vv VI Wl VI | IX X Xl
1 |Monthly average 0.35 0.38 | -0.29 | -0.44
temperature
2 |Maximum
monthly average -0.37 | -0.24 0.35 0.38 | -0.29 | -0.28
temperature
3 | Minimum monthly
average -0.30 -0.26 0.34 -0.45
temperature
4 thalmonthly 052 | -0.96
rainfall
5 nghestdally 0.42 038
rainfall
6 |Totl mo.nthly -0.44 -0.47 -0.37 | -0.28
evaporation
! Mon.thlyave.ra.ge -0.32| -0.25 0.31 0.30
relative humidity
8 |Total monthly 036
sunshine hours

Compared to maize and rice, the level of the matstip between climate variables with
soybean yield is often less stringent. This shdwas the soybean has broader ecological limits to
climatic factors. Thus, soybean yield is often mstadble than other crops.

3.3. The climate features of the years with high/le yield
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Indicator in high/low yield on each plant is detered according to the level of weather
yield series (year of high yield is the year withather yield greater than 70th percentile, year of
low yield is the year with weather yield smalleath3d" percentile.

For Winter-Spring rice: The climate characteristiesween high yield crops and low yield
crops greatly differ. (High yield crop: The averageperature is 19.9 degrees; the evaporation
is 438.8 mm. Low yield crop: the average tempeeatsr20.8 degrees, and the evaporation is
554.9 mm) (Table 7).

For rice crop: The high yield crop and the low dvawe a big difference in terms of rainfall
and amount of sunlight (High yield year: the averaginfall is 712.0 mm, the amount of
sunlight is 831.5 hours, Low vyield year: the raihfa 1033.3 mm, the average amount of
sunlight is 792.9 hours only) (Table 7).

Table 7.Climate features in the years of high and low yial&on La province.

Winter spring rice Summer-Autumn rice
. crop crop
No. Climate feature - _ - - -
High yield | Low yield High Low yield
year year yield year year
1 | The average air temperature per cfi@) ( 19.9 20.8 24.4 24.2
2 | The total rainfall per crop (mm) 427.6 409.9 2., 1033.3
3 | Relative average humidity per crop (%) 78 75 83 4 8
4 The total hours without sunlight per crop 7822 849 2 8315 792.9
(hour)
5 | The total evaporation per crop(mm) 438.8 554.9 0.86 305.9

For corn and soybean: There is no significant défiee in temperature, air humidity and
sunny hours during the high yield years and lowdyiears. However, the features of rainfall
and evaporation seem to differ (Table 8).

Table 8Climate features in corn and soybean harvest ayglfeilure in Son La.

Corn Soybean
No. Climate feature High yield | Lowyield | High yield | Low yield
year year year year

1 |The average air temperature per cfj) ( 22.0 22.5 22.3 22.5
2 The total rainfall per crop (mm) 693.9 638.6 390 647.5
3 Relative average humidity per crop (% 81 80 80 80
4 | The total sunny hours (hour) 1620.5 1632.5 1646.3 1653.3
5 |The total evaporation per crop (mm) 773.5 879.9 92.0 834.2
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4. CONCLUSION

Due to the impact of climate change, the climaticators in Son La province change
according to the following trends: (i) the totalnalal heat increases; (ii) the period of winter
tends to shorten; (iii) the absolute lowest anrteaiperature tends to rise; (iv) the amount of
evaporation tends to increase. Therefore, produgieriod of some crops needs to be adjusted
and the risk of water shortages in some areas nedxstaken notice of.

Generally, changes of the climate factors havelatioaship with crop yield. Yet, the
factors with strongest influence is the temperaamé evaporation (for the winter-spring rice),
the temperature of rainfall (for the season ridejmperature and evaporation (for maize).
Compared to other crops, soybean yields seem t® leas fluctuation.

The difference between climate indicators in yeaith high and low yields in Son La
province depends on the type of crop and seasorafticular, the indicators with great
difference is the average crop temperature andoeatipn (for the winter-spring rice); the
rainfall and sunny hours (for rice) as well as tanfall and evaporation (For corn and
soybeans).
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