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Abstract: Climate variability and landuse change are interlinked. This study deals with 

assessment of impact of climate variability on agricultural land use change (agricultural 

area and yield) through statistical modeling in Ping Basin. The period for agricultural area 

change covers between 1990 and 2009 while yield is analysed under current (1981-2009) 

and future scenarios (2011-59). There was significant correlation between climate 

variables and agricultural area in Middle Ping, Lower Ping, and Ping Basin but no 

significant correlation in Upper Ping. Statistical modeling to quantify impact of climate 

variability on agricultural landuse area change showed that there was significant change 

(R=0.46, R
2
=21.1%, P=0.041) in agricultural landuse area between 1990 and 2009 in Ping 

Basin. Future projected climate variability will favour rice production with significant 

increasing yield trend. Rice yield projected at 5-year interval shows sharp increment 

(R
2
=0.91) with drastic rise through time indicating that future climate variability will have 

a significant positive impact in the future. The future period (2050) shows 31.3 % yield 

increment due to future climate variability over the current baseline period (2010). 

Keywords: Climate variability, agriculture, landuse, statistical modeling, 

projection 

 

1. Introduction 

Thailand is one of the biggest exporters of rice in the world market. The total area under 

rice is estimated to be about 11 million ha occupying 55% of the total cropped land. The 

majority of rice production (80%) in Thailand is rainfed where rice is usually grown only 
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once a year in the wet season and the monsoon rain is source of water supply for rice 

cultivation. Thailand has 20.4 million hectares of farm land, of which about 10 million 

hectares are under rice cultivation. Thailand continues to rely heavily on agriculture, 

although the country has suffered from declining export prices in recent years [8, 20, 21]. 

According Office of Agricultural Economics of Thailand (OAE), rice production in million 

tons in 1967, 1987, and 2011 was 13.79, 19 and 31.5 million tons, respectively. Total 

planted area (million hectares) for these respective years was 7.5, 9.9 and 15 million 

hectares, respectively [21]. 

Rainfed rice production system in SouthEast Asia (SEA) in general and Thailand in 

particular is constrained by climate variability and especially of rainfall variability. The 

Ping River Basin is the major watershed in Northern Thailand where rainfed agriculture is 

dominant practice. Monsoon rain is critical factor in Thailand’s water resources and 

agricultural development. Climate variability is deviation from long term normal climate. 

One of the main reasons for climate variability is due to El Niño-Southern Oscillation 

(ENSO) occurrence. Climate variability associated with the ENSO cycle has a range of 

implications for different socio-economic sectors in SouthEast Asia [3,13]. 

Assessment of impacts of climate variability on agriculture is of paramount importance to 

adapt farming and optimize agricultural production [12, 13]. Studies on current and future 

impact of climate variability have been undertaken through scenarios developed by GCMs. 

Thailand is one of the highly vulnerable nations in SouthEast Asia to effects of climate 

change and variability with frequent floods and dry spell in rainfed agricultural areas. It 

has suffered more than $1.75 billion in economic losses related to floods, storms, and 

droughts from 1989-2002. Adaptation to climate change is therefore very important for 

development and sustainability of agriculture in Thailand [3]. It is imperative to assess 

current climate trends and projected future trends to develop successful adaptation 

strategies [9]. 

Climate variability and landuse change are interlinked. Agriculture both affects and is 

affected by climate variability. Changes in landuse can cause modification of climate 

variables. Landuse change is related to climate change as both a causal factor and a major 

way in which the effects of climate variability are expressed. Both are mutually inclusive 

as a contributing factor to each other effects. Climate alterations will produce changes in 

landuse patterns at a variety of temporal and spatial scales. Types of climate variability 

impacts likely in the agriculture sector include change in area coverage, productivity, 

change of crop type and cropping pattern, and shift in location of production, and changes 

in the type, location, and intensity of pests and diseases. As a consequence of one or more 

of the above there are: Changes in the mix of crops grown and hence in the type of 

farming, and rural land use; changes in production, farm income, and rural employment; 

increased level of risk of crop failure due to extreme climate events (drought and flooding) 

and pest infestation; changes in rural income, contribution to national GDP, and 

agricultural export earnings. The effect of climate on agriculture is related to variability in 

local climates rather than in global climate patterns. Future development of agricultural 

land use is subject to several uncertainties: (a) changes in climate [12], (b) changes in 

atmospheric CO2 concentrations and the subsequent impact on crop water use efficiency 

and CO2 fertilization (Long et al., 2006), (c) changes in management/breeding, and (d) 

changes in cropping area. Assessment of impacts of climate variability on agricultural 

landuse change contributes towards designing adaptation strategy to optimize and sustain 

agricultural production [10, 19]. 

Integrated regional and local area-based climate variability impact studies would generate 

upto date information for better understanding of impacts. Outputs of such studies will be 

inputs for further sector-based assessment to generate holistic results on realistic climate 
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variability impacts. Furthermore, such studies will fill knowledge gaps for better results 

and will have policy and planning implications at local level in designing locally fit 

adaptation and mitigation strategies to minimize effects of climate variability for 

sustainability of livelihoods and natural resources. 

From field survey (2010), agricultural area expansion is already saturated and further 

expansion is not justified. If expanded, it is up on the expense the expense of forest 

resources which are already threatened though encroachment and shifting cultivation and 

will result in undesired consequences for the natural resources and the environment at 

large. Hence, projecting agricultural area through spatial simulation was not feasible to 

undertake. Attempt was made to explore impact of climate variability on yield with present 

and projected climate variability until 2050. This study deals with assessment of impact of 

climate variability on agricultural land use change (agricultural area and yield) through 

statistical modeling in Ping Basin. Changes in agricultural area coverage was assessed and 

yield (rainfed rice yield as a case of analysis) analyzed and projected under climate 

variability. The period for agricultural area change covers between 1990 and 2009 while 

yield is analysed under current (1981-2009) and future scenarios (2011-59). 

 

2. The Study Area: Ping River Basin, Northern Thailand 

Northern Thailand is a critical area for a number of regional sustainable development 

issues. The mountainous landscape still has relatively high forest. It contains the upper 

reaches of most of the major watersheds feeding into the Chao Phraya River system, 

including the largest of these, the Ping River Basin. The Ping River Basin is one of the 25 

river basins in Thailand and it is the major watershed in Northern Thailand. This river 

basin has 20 sub-basins. The basin is strategically important in terms of its upstream 

location, population density, economic integration, and as a cultural centre [18]. It is one of 

the four upper tributary basins forming the Chao Phraya river system, the most important 

river basin in Thailand. The Ping River Basin is the largest of the eight river basins that 

together form the Chao Phraya river ‘system’. The Chao Phraya system covers about 30 

percent of Thailand’s land area, and is home to about 40 percent of its total population. The 

Northern Thailand Region has 17 provinces and 5 of them (27.5%) are located in Ping 

River Basin. The Basin comprises 5 provinces (Chiang Mai, Lamphun, Tak, Kamphaeng 

Phet and small portion of Nakon Sawan) with 45 ‘amphores’ (districts) with geo-

coordinates of latitude (15.7
0
 N to 19.8

0
N) and longitude (98

0
E to 100.1

0
E). The basin 

drains in north-south direction. With a catchment area of about 35,000 km
2
, the Ping River 

Basin covers about 22 percent of the Chao Phraya river system and contributes 24 percent 

of the system’s average annual runoff (annual average run  of  9,073 Million M
3
) and 

population of 2,384,946. The Upper catchment covers Chiang Mai and Lamphun, the 

middle catchment represented by Tak while the lower catchment covers Kamphaeng Phet 

and small portion of Nakhon Sawan. 

 The Ping Basin has a tropical climate affected by an annual monsoon. The climate of Ping 

River Basin is dominantly affected by Monsoon. The three distinct seasons in Northern 

Thailand are Monsoon (rainy season), winter and summer. Rainy season or Southwest 

Monsoon Season (May to Mid-October) is dominated by the southwest monsoon, during 

which time rainfall in the north is at its heaviest. Winter or northeast monsoon season 

(Mid-October to Mid-February) is cold season. Summer or pre-monsoon season (Mid-

February to Mid-May) is the hottest season [1, 2,5, 27]. 

 The topography of Ping Basin is undulating and includes hill areas and mountains, valley, 

and lowland plains. The elevation ranges from 50m above sea level up to 2600m above sea 

level in the northern tip.  
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There had been a shift from paddy land into bioenergy (corn) and high value crops 

(orchards, flowers and spices) in the marginal lands mainly in the major valley and hilly 

areas of the Upper Ping Basin. Forests are highly threatened as a result of encroachment 

for cash and energy crops [8, 16,, 20, 21, 23, 24]. Most of the paddy rice varieties grown 

on the highland valleys are local or land races, but are all indica type. The common rice 

varieties grown in the basin are local (22.2%), RD6 (29.7%), KDMKL105 (19.5%) and 

non-photosensitive (20.8%). The yield of improved rice varieties ranges from 4.5 tones/ha 

to 6 t/ha. The Chiang Mai valley is the most favourable environment for lowland rainfed 

rice production with fertile soil in the basin. The major production constraint of rainfed 

rice production in Ping Basin is climate variability [25]. 

 

 

 
 

 

Figure 1. Ping Basin drainage and Thailand river Basins (Source: Map of streams by the 

author and river basin maps from www.pwa.co.th) 

 

 

3. Methodology 

3.1. Data Acquisition 

 

Data type included: 

 Agricultural area statistics of Ping catchments (1990 to 2009) 

 Yield (rice yield): Current and potential yield 

 Future climate variability (minimum temperature and relative humidity) 

 

Data collection method: 

Agricultural area data acquired from Office of Agricultural Economics at province level 

(1990-2009) were recalculated to drive catchment and Ping Basin data. Rice yield data 
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were collected from OAE (OAE, 2010) and Chiang Mai University, DoAE, and Rice 

Department (Thailand Ministry of Agriculture and Cooperatives). 

 

3.2. Data analysis 

 

 Data analysis included statistical analysis. 

 

Statistical analysis in this study included: 

 Temporal correlation (1990-2009) between agricultural landuse area and climate 

variables and assessment of impact of climate variability on agricultural landuse 

area change through multiple regression models. 

 Agricultural landuse change between 1990 and 2009 as affected by climate 

variability: Climate variability as a driver of landuse change. 

 Projection of  rice yield with two scenarios 

 

3.2.1. Temporal agricultural landuse area change and climate variability (1990-2009) 

 

a) Trend: Agricultural area and climate (1990-2009) 

 Temporal trend of agricultural area and climate for each Ping catchment and Ping Basin 

was explored. 

b) Correlation between agricultural area and climate variability was analysed through 

Bivariate Pearson’s correlation test to detect degree and direction of relationship 

between temporal agricultural area and climate variability. 

c) Quantifying impact of climate variability on agricultural area change (1990-2009):  

 

Temporal agricultural area (Y) = f (Climate Variability) 

Climate variables which had significant correlation with agricultural area were selected as 

predictors for the multiple regression model.  

 

3.2.2. Current and Projected yield of Ping Basin with two scenarios 

 

 Climate variability would continue to influence yield negatively or positively. In order to 

assess yield variation with future climate variability, the effect of future projected climate 

variables on rainfed rice yield is projected through validate regression model developed 

and applied in chapter5. Yield will be quantified by the regression equation with changes 

of values of future climate variables (minimum temperature and relative humidity). The 

regression model applied is: 

 
Projected values of minimum temperature and relative humidity from chapter 6 will be 

input climate variables for estimating projected yield for the period of 2011-2059 annually 

and ay five year interval period to explore the trend of projected yield through projected 

period and associate with climate variability. It is intended to analyse the effect of climate 

variability on rice production at present and in the future. 

 Scenarios: 

Two scenarios are set to analyse current and project future rainfed rice yield under climate 

variability in Ping Basin. Study period are defined as: 

Current (baseline) period:  2010 

Future period:    2050 

Scenarios: 
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Scenario1 (Business as usual of current baseline period): Traditional rice farming (local 

varieties & minimum or no input application) characterized by low yield. The current rice 

production practices (traditional varieties, low or no input application) will continue in the 

future. Current yield (2010) in Ping Basin is 3.2t/ha.  

Scenario2 (Business as usual of future period): Changes in climate variable values will 

change yields assuming other agricultural practices of the area are not changes. The scope 

the study is to deal with yield- climate variability interaction. 

 

4. Results and Discussion 

4.1. Climate trend in Ping Basin (1990-2009) 

 

Climate variability for the study period (1990-2009) was explored in terms of trend and 

anomaly. 

 

 
(a) Ping temperature (1990-2009) 

 
(b) Ping rainfall (1990-2009) 

 

Figure 2. Climate trend of Ping Basin (1990-2009) 
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(a) Temperature anomaly of Ping Basin (1990-2009) 

 

 
(b) Rainfall anomaly of Ping Basin (1990-2009) 

 

Figure 3. Climate anomaly of Ping Basin (1990-2009) 

 

 

4.2. Projected climate variability of Ping Basin (2011-59) 

 

Projection of future climate of Ping Basin by ECHAM4 PRECISRCM A2 scenario 

indicates that maximum and minimum temperatures will increase with significant temporal 

trend of maximum temperature at the rate of 0.038
0
C/annum (R

2
 =0.5) and 0.042

0
C/annum 

(R
2
=0.76) for minimum temperature, respectively. Minimum temperature will increase at a 

faster rate than maximum temperature while rainfall and relative humidity (RH) increase as 

compared to current intensity but with no significant temporal trend.  Relative Similar 

future projected trends are observed and reported in the Mekong Basin [1,2, 15, 26]. 

 

 

 



8 

 

 

 
 

 

Figure 4. Projected minimum temperature of Ping Basin (ECHAM 4 PRECIS RCM: 2011-

2059) 

  

 
Figure 5. Projected relative humidity of Ping Basin (ECHAM4 PRECIS RCM: 2011-59) 

 

Variation of projected climate within five years and shows high variability. Trend of Ping 

future climate at 5-year interval are shown in table 1 and 2. 



 

Table 1. Variation in projected future climate of Ping in 5 years interval. 

Year  Future climate variation 

Max.T (
0
C) Min.T (

0
C) RF (mm) RH 

2011-2015 1.91 1.29 -254.04 -1.94 

2016-2020 -0.67 -0.04 362.77 -1.58 

2021-2025 0.64 0.63 94.18 1.58 

2026-2030 0.1 0.37 51.98 -5.31 

2031-2035 0.91 0.65 112.90 -1.03 

2036-2040 0.95 0.37 -340.27 0.53 

2041-2045 1.48 1.06 -179.15 2.17 

2046-2050 -0.57 -0.39 -213.97 -0.81 

2051-2055 1.6 1.16 32.01 -0.56 

2056-2059 -0.52 0.01 145.14 -2.06 

 

Table 2. Future climate trend of Ping Basin at 5-year average interval 

Year Max.T Min.T RF RH 

2011-2015 31.88 20.48 1613.74 73.22 

2016-2020 32.94 20.76 1370.86 70.31 

2021-2025 32.31 20.69 1474.99 72.19 

2026-2030 32.51 21.20 1617.14 69.94 

2031-2035 32.91 21.08 1453.01 68.69 

2036-2040 33.08 21.42 1461.57 69.53 

2041-2045 33.11 21.63 1555.50 72.00 

2046-2050 33.38 21.82 1538.29 71.44 

2056-2059 33.67 22.38 1689.67 68.64 

 

 

4.3. Temporal agricultural landuse area change and climate variability (1990-2009) 

4.3.1. Trend of agricultural area in Ping Basin (1990-2009) 

 

Change in forest and agriculture land uses and share of agriculture out of total land in Ping 

Basin for the period of 1990 to 2009 are given in Tables 7.3 and 7.4. Field observation 

shows that the area under agriculture is higher than the official data provided by OAE as 

shifting agriculture, illegal cultivation within forest land and agriculture within woodland 

considered as woodland are not accounted in the agricultural census. There was no 

significant increase of agricultural area in Upper Ping but trend of the other catchments 

showed a significant increasing trend with p<0.05 and R
2
= 47%, 52%, and 50% for Middle 

and Lower Ping catchments and Ping Basin, respectively.  
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 (a) Agricultural land use area of Ping catchments (1990-2009) 

 
  (b) Agriculture area of Ping Basin (1990-2009) 

 

Figure 6. Trend of agricultural area in Ping Basin (1990-2009) 

 

4.3.2. Share of agricultural landuse (area and proportion) and change  

 

Table 3. Change in agriculture landuse in Ping Basin (1990 to 2009) 

S.N. Ping catchments Change in agricultural landuse 

Area (ha) % 

1 Upper Ping 80,627 3.5 

2 Middle Ping 4,823 0.3 

3 Lower Ping 78,731 6.7 

4 Ping Basin 164,181 3.5 



Table 4.  Forest and agriculture land uses change in Ping Basin (1990 to 2009) 

Ping catchment Change in forest landuse Change in agriculture landuse 

Area(ha) % Area(ha) % 

Upper Ping 102,419 3.5 80,627 3.5 

Middle Ping 40,282 2.5 4,823 0.3 

Lower Ping -55,350 3 78,731 6.7 

Ping Basin 166,650 2.1 164,181 3.5 

 Comparison of forest and agriculture landuse shows that forest has increased by 2.1% (166,650ha) 

while agriculture increased by 3.5% (164, 181ha) in Ping Basin between 1990 and 2009 and both 

landuses had similar trend.  

Share of agriculture from the total area of all landuses during the period of 1990 and 2009 is indicated 

in table 5. 

 

Table 5. Agricultural landuse in Ping Basin (1990-2009) 

Year Share of agriculture from total land area 

(%) 

Area of agriculture (ha) 

Upper 

Ping 

Middle 

Ping 

Lower 

Ping 

Ping 

Basin 

Upper 

Ping 

Middle 

Ping 

Lower 

Ping 

Ping 

Basin 

1990 18 13 61.5 30.8 443033 213287 588387 1244707 

1991 18 8 59.5 28.3 443033 131253 569252 1143538 

1992 16 9 57.5 27.5 393807 147660 550118 1091585 

1993 16 9 61.5 28.8 393807 147660 588387 1129854 

1994 16 10 61 28.8 393807 164067 583603 1141477 

1995 15 10 61.5 28.8 369194 164067 588387 1121648 

1996 16 10 61.5 29.2 393807 164067 588387 1146261 

1997 16 10 61 29.0 393807 164067 583603 1141477 

1998 16 11 59.5 28.8 393807 180473 569252 1143532 

1999 16 11 60.5 29.2 393807 180473 578819 1153099 

2000 16 12 61 29.7 393807 196880 583603 1174290 

2001 16 11 61.5 29.5 393807 180473 588387 1162667 

2002 16 14 64 24 403716 222837 610036 1236589 

2003 18 13 63 25 436938 215368 604991 1257297 

2004 18 12 62 25 448887 202144 589221 1240252 

2005 19 13 61 25 455836 208742 585798 1250376 

2006 18 12 66 25 439810 196828 631826 1268464 

2007 18 12 64 25 440693 194106 616273 1251072 

2008 17 12 63 24 425236 198302 604776 1228314 

2009 21.5 13.3 68.2 34.3 430,053 218110 655357 1303520 

 

4.4. Correlation between climate variables and agricultural area (1990-2009) 

Correlation was run to explore degree and direction of relationship between climate variables and 

agricultural area (Table 6). 



Table 6. Correlation between climate variables and agricultural area in Ping Basin 

Climate 

Variable 

Correlation 

Upper 

Ping 

Middle Ping Lower Ping Ping Basin 

Max. Temp NS NS NS NS 

Min. Temp NS 0.45* (P= 

0.046) 

NS 0.046*(0.041) 

Rainfall NS NS 0.53* 

(P=0.016) 

NS 

 Where, NS = Non Significant; * = Significant; Max. Temp = Maximum temperature; Min. Temp = 

Minimum temperature 

 

There was significant correlation between climate variables and agricultural area in Middle Ping, 

Lower Ping, and Ping Basin but no significant correlation in Upper Ping. 

 

4.5. Temporal impact of climate variability on agricultural landuse area 

Minimum temperature was predictor of agricultural area in Middle Ping and Ping Basin while rainfall 

was taken as predictor of agricultural area in Lower Ping. Simple linear regression (one predictor) 

model indicates that minimum temperature explained 20.4% (P=0.046) and 21.1% (P=0.041) temporal 

agricultural area variation in Middle Ping and Ping Basin, respectively. Rainfall explained 28.1% 

(P=0.016) of temporal total agricultural variability in Lower Ping. Agricultural land use area in the 

Upper Ping was not significantly explained by temporal climate variability. 

 

4.6. Current impact of climate variability on rainfed rice yield (1981-2009) 

Minimum temperature and relative humidity were positively correlated with yield while rainfall was 

positively correlate with rice area (R=0.47, P=0.01) and were predictor variables in the regression 

modeling to quantify impact of climate variability on rice yield. Multiple regression techniques are 

applied to assess and explain impacts. They are used to identify yield constraints, to quantify their 

impacts on yield and to predict yield [7]. Various workers have applied regression modeling to 

quantify  the temporal impact of climate variability on crop production. Multiple regression techniques 

are applied to assess and explain impacts. Various workers have applied regression modeling to 

quantify the temporal impact of climate variability on crop production [6,14, 22, 28, 29]. Yield is 

dependent variable (Y) and Min.T and RH are predictors. Other climatic factors which were not 

correlated with yield were dropped as redundant factors as they can mask and jeopardize the 

robustness of the regression equation. Multiple regression models significantly explained 37% 

(P<0.01), 40% (P<0.01), 43% (P<0.01), and 54% (P<0.01) yield variation by climatic factors 

variability in Upper, Middle, and lower Ping catchments, and Ping Basin, respectively. The remaining 

unexplained variation in yield could be attributed to other lurking variables of crop production 

influencing biophysical and crop management factors. Comparison of linear and nonlinear (second 

degree polynomial) regression models showed that linear regression model was found to be more 

robust and fit (R
2
= 54%) than non linear regression model (R

2
= 46%) in estimating impact of climate 

variability on yield variation in Ping River Basin (1981-2009). This model result is in agreement with 

the interview responses of farmers and key informant and existing reports that indicated climate 

variability (especially of rainfall onset, intensity, and seasonal distribution) is the key limiting factor of 

rainfed rice farming in Ping Basin (Field survey, 2010). The above model was verified and validated 

through fitness test between observed and predicted  yield data of Ping Basin and it showed good level 

of fitness for yield (R
2
= 40.1%, P<0.01) . The model has reasonably estimated observed yield values. 
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Figure 7. Observed and predicted yield in Ping Basin (1981-2009) 

 

 

4.7. Rainfed rice yield projection under climate variability 

Comparison of two scenarios of rice yield was made under current and future climate variability. 

 Baseline period (2010) with current yield of 3.2t/ha 

Future projected period: 2050 

 

 
Figure 8.  Current observed and simulated yield of Ping Basin (1981-2009) 

 

The regression model has reasonably estimated current rainfed rice yield of Ping Basin (R
2
=40.1%, P< 

0.01) as shown in figure 8. Current yield (2010) was compared with future projected yield and the 

impact of future climate variability accounting for yield variation is calculated. 
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Figure 9. Projected yield of rainfed rice (2011-59) attributed to projected climate variability. 

 

 

 

 
Figure 10. Projected yield at 5-year interval (2011-59) 
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Rice yield projected at 5-year interval shows sharp increment (R
2
=0.91) with drastic rise through time 

indicating that future climate variability will have a significant positive impact in the future. The detail 

is presented in table 7. 

 

 

Table 7. Impact of future climate variability on rice yield increment 

Year Yield (t/ha) Increment over 

current year 

(2010) (%) 

2010 3.2  

2015 3.6 13 

2020 3.4 6 

2025 3.6 13 

2030 3.8 19 

2035 3.83 20 

2040 3.95 23 

2045 4.1 28.3 

2050 4.2 31.3 

    Base year:   2010 

    Projected period:  2050 

  

The future period (2050) shows 31.3 % yield increment with yield of 4.2 t/ha due to future climate 

variability over the current baseline period (2010) with yield of 3.2t/ha. 

 

5.  Conclusion 

There was no significant increase of agricultural area in Upper Ping (R
2
 =0.19) but trend for other 

catchment showed a significant increasing trend with p<0.05 and R
2
= 0.47, 0.52, and 0.5 for Middle 

and Lower Ping catchments and Ping Basin, respectively. There was significant correlation between 

climate variables and agricultural area in Middle and Lower Ping but no significant correlation in 

Upper Ping and Ping Basin. Minimum temperature explained 45% temporal agricultural area variation 

(P=0.046) in Middle Ping while 53% of temporal agricultural area variation (1990-2009) in Lower 

Ping was explained by rainfall (P=0.016). Multiple regression model significantly explained 54% 

(P<0. 01) rice temporal yield variation by climatic factors variability in Ping Basin. Future projected 

climate variability will favour rice production with significant increasing yield trend. Rice yield 

projected at 5-year interval shows sharp increment (R
2
=0.91) with drastic rise through time indicating 

that future climate variability will have a significant positive impact in the future. The future period 

(2050) shows 31.3 % yield increment (4.2 t/ha) due to future climate variability over the current 

baseline period (2010) with current yield of 3.2t/ha. Findings of this study indicate that climate 

variability having little effect on agriculture landuse area change but yield is affected substantially. 

Similarly, other workers have found out that agriculture land area is little affected by climate 

variability and rather it significantly affects productivity and future landuses patterns are likely to be 

affected by urbanization and other socioeconomic drivers, with climate variability having small 

influence. The effect of the key rainfed rice production constraint, climate variability will be reduced 

as minimum temperature significantly increases and rainfall will increase by about 20% in the near 

future. There are released varieties with yield potential of 4.5-6 t/ha in Ping Basin which is double that 

of current productivity. Popularization such agricultural technologies will be a way out from low 

productivity to optimize increased rainfall to boost productivity for attaining food security, improve 

livelihoods, and enhance foreign earnings. This needs aggressive extension services to exploit such 

opportunity. 

   



References: 

 

1. Abbadi Girmay Reda, Nitin K. Tripathi, Peeyush Soni, Taravudh Tipdecho, Chaya  

Vaddhanaphuti (2012) Climate variability in Ping River Basin, Northern Thailand. In Nitin 

K.T., Hamid M, and R.P. De Silva (Eds.) ISBN 978-616-90698-2-9, PP: 268-274: Reduce 

Exposure to Reduce Risk. Proceedings of international conference, GIT4 NDM2012, Colombo, 

Sri Lanka. 

 

2. Abbadi Girmay Reda, Nitin K. Tripathi, Peeyush Soni, Taravudh Tipdecho, and Aparna 

Phalke. Temporal climate trend of Ping Basin of Thailand and implications for Mekong 

Region. J. Earth Sci Clim Change, 2013, 4(4): 146. doi:10.4172/2157-7617.1000146. 

3. ADB (1994). Climate Change in Asia: Executive Summary. Asian Development Bank, Manila, 

Philippines, 122 pp. 

4. Atsamon, L. and Joaquim, I. G. Empirical evidence for interannual and longer period variability 

in Thailand surface air temperatures.  Atmospheric Research, 2008, 87, Issue 2, 89–102. 

 

5. Chalalai, J. (2007). Climate dataset: Past and Future for Climate data in Thailand (Thailand 

Meteorological Department, TMD). 

 

6. Christoph Müller, et al. (2010). Climate change impacts on agricultural yields. Potsdam 

Institute for Climate Impact Research (PIK), Germany. 

 

7. De Bie, K. (2000). Comparative Performance Analysis of Agro-Ecosystems. PhD Thesis, ITC/ 

Wageningen, The Netherlands. 

 

8. DoAE (2010 and 2012). Department of Agricultural Extension report, Ministry of Agriculture 

and Cooperatives, Thailand 

9. FAO (1995). World Agriculture: Towards 2010, FAO Study. N. Alexandratos (ed.). John 

Wiley, Chichester, UK, and FAO, Rome. 488p.  

10. Gommes, R. (1999). Production variability and losses: Agroclimatic concepts. FAO Research, 

Extension and Training Division. 

11. IPCC (2013). Climate Change 2013: The Physical Science Basis. Working Group I 

Contribution to the IPCC 5th Assessment Report (AR5 draft). 

 

12. IPCC WGI (2007). IPCC Fourth Assessment Report: Climate Change 2007 (AR4). 

13. James, W. H. (2004). Climate Variability and the Millennium Development Goal Hunger 

Target. International Research Institute for Climate Prediction, USA 

(http://dx.doi.org/10.1175/JCLI3364.1). 

14. Joshi, N. P.; Maharjan, K.L and Piya L. Effect of climate variables on yield of major food-

crops in Nepal -A time-series analysis. Journal of Contemporary India Studies: Space and 

Society, 2011, 1, 19-26. 

15. Kamal K. and Subbiah A.R. (2000). Regional Climate Outlook: Southeast Asian Applications.  

In C.K. Folland, T.R. Karl, et al. Observed Climate Variability and Change. 

16. Land Development Department (LDD) of Thailand (2012). Survey reports of Ping catchments. 

 

17. Long, et al. Crop response to elevated CO2 and world food supply. European Journal of 

Agronomy, 2006, 312:1918–1921. 

http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DLimsakul,%2520Atsamon%26authorID%3D8780615700%26md5%3D971d0b77be601c6378073e122e05a37e&_acct=C000052592&_version=1&_userid=1402360&md5=7d4a93b4c4ff17b0eb6250563a7a2e4b
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DGoes,%2520Joaquim%2520I.%26authorID%3D7005857264%26md5%3D6156463ec2dfccc7d14b82f54dfcd7c2&_acct=C000052592&_version=1&_userid=1402360&md5=350cfbfe6a198cab99778e18747a2023
http://www.sciencedirect.com/science/journal/01698095
http://www.sciencedirect.com/science/journal/01698095/87/2
http://dx.doi.org/10.1175/JCLI3364.1


Agriculture 2013, 3                            

 

 

19 

18. Louis Lobel (2009). Resilience and adaptive capacity in the Ping River Basin, Northern 

Thailand:  Contribution to Resilience Alliance project on adaptive capacity. 

 

19. Mohammad, et al. Effect of precipitation and temperature on crop production variability in N. 

Iran. International journal of Biometeorology, 2011, 55(3), 387-407. 

 

20. National Statistical Office of Thailand (NSO) (2007). Census report on agriculture. 

 

21. Office of Agricultural Economics (OAE) (2012). Ministry of agriculture and cooperatives, 

Thailand. Statistical bulletin of crop production. 

 

22. Pedram Rowhani et al. Climate variability and crop production in Tanzania.  Agricultural and 

Forest Meteorology, 2011,  151 (4), 449–460. 

 

23. Punpim, P.M; and Nutchanart, S. Estimation of the URBS model parameters for flood 

estimation of ungauged catchments in the Upper Ping River Basin, Thailand. ScienceAsia, 

2009, 35, 49–56, doi: 10.2306/scienceasia1513-1874.2009.35.049. 

24. Shinawatra, B. and Patanun, W. Farmers' Choice of Rice Varieties in the Chiang Mai Valley. 

Journal of Agricultural Economic Research, 1994, 16, 37-54.  

25. Shinawatra, B.; and Sukapong, C.; Woodtikarn, P.; Deundao, P.; Padermchai, P. and Ontuam, 

B. (1992). Assessing the Impact of Farming Systems Research in Thailand. In Proceedings of 

the 9
th
 Thailand National Farming Systems Seminar, Phuket, March 24-27. 

26. Suppakorn, C. (2008). Current Research on Impact, Vulnerability and Adaptation to Climate 

Change in Thailand. South East Asia START Regional Center (SEA START RC), Bangkok, 

Thailand 

 

27. Thai Meteorological Department (2011).  Meteorological records (1961-2012) and reports. 

28. Timothy, R. W.; Peter, Q C.; Richard, H. E.;  John, R. P. and Vara Prasad, P.V. Temperature 

variability and the yield of annual crops.  Agriculture, Ecosystems & Environment, 2000, 82, 

159–167. 

 

29. Weisberg, S. (2005). Applied Linear Regression. 3
rd

 edition. New York, John Wiley & Sons Inc. 

 

 

 

http://www.resalliance.org/
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DRowhani,%2520Pedram%26authorID%3D8666775200%26md5%3D022c794e0e172e22f469d1b20bdb55ab&_acct=C000052592&_version=1&_userid=1402360&md5=ca44d454dbf4218cc0b68e0879590014
http://www.sciencedirect.com/science/journal/01681923
http://www.sciencedirect.com/science/journal/01681923
http://www.sciencedirect.com/science/journal/01681923/151/4
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DWheeler,%2520Timothy%2520R%26authorID%3D7201611336%26md5%3Dd7c63a931be01e75b1f98b22b5b8b81a&_acct=C000052592&_version=1&_userid=1402360&md5=ac2ca1686790a3a0451ae2e30b1b4c92
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DCraufurd,%2520Peter%2520Q%26authorID%3D7004340216%26md5%3D854a3ffab6da4d9c568d1713e457be8b&_acct=C000052592&_version=1&_userid=1402360&md5=25843365dd8d2ffd7f55467effd49568
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DEllis,%2520Richard%2520H%26authorID%3D7401984883%26md5%3D2a943652db7dd91ba983e19c81273aed&_acct=C000052592&_version=1&_userid=1402360&md5=af282d3f228c3a33c1e3e4847bfc543f
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DPorter,%2520John%2520R%26authorID%3D7403427013%26md5%3Dcc237d2e86363db2350ba54b9a705a50&_acct=C000052592&_version=1&_userid=1402360&md5=2ebb8f7fae3842356b2e16cab15f4b64
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DVara%2520Prasad,%2520P.V%26authorID%3D6602770376%26md5%3D3e74d0752f9870c1bb927656cda53a97&_acct=C000052592&_version=1&_userid=1402360&md5=d6cf837cfa5bd1ea5ebe29b49f83ecfb
http://www.sciencedirect.com/science/journal/01678809
http://www.sciencedirect.com/science/journal/01678809/82/1

