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機率與統計 複習測驗

 某個 1萬人的城鎮有一家急診醫院，根據歷年統計平均該院
每天需接收8位急診病患，該醫院共有20張急診病床，假設
急診病患當日即能出院，且每天病患就診皆為獨立事件。

 請問：該院在某天出現急診病床不足的機率？

prob = 8/10000
n = 10000
x = 20
pbinom(x, n, prob)

ppois(20, 8)



Contents

 Chapter 5: Using R as a GIS

 1. Spatial Intersection 

 2. Buffering & Merging Spatial Features

 3. Data Join

 4. Point-in-Polygon and Area Calculations

 5. Distance Analysis 



R Examples for Geo-processing

 Task 1.1: Tornado damage assessment (Intersection)
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Introducing R functions for spatial analysis

 Spatial Intersection: st_intersection() 

 Buffering: st_buffer()

 Merging Spatial Features: st_union()

 Data Join: left_join() [dplyr套件]

 Area Calculation: st_area() 

 Distance Matrix: st_distance() + st_is_within_distance ()



Spatial Operational Functions in GIS

Spatial Intersection Buffering

point + polygon



Spatial Operational Functions in GIS

Merging Features
(dissolve)

Data Join

GIS layer (shp) Table (txt)



Spatial Intersection: Flooding Risk Analysis





Spatial Intersection: Two-way table



Spatial Intersection

Selecting Layer 1 in the Layer 2

Layer 1: tornados (torn)
Layer 2: US States

Selecting tornados in the Area of Interest 
(Texas, New Mexico, Oklahoma, Arkansas)



Spatial Intersection

Layer 1: tornados (torn) + Layer 2: US States



預期成果：Spatial Intersection
Task 1.1: Tornado damage assessment 
(creating a two-way table)



預期成果：Spatial Intersection
Task 1.2: Creating a tornado density map

Locations of tornados: 
point event

Density of tornados
in each state



預期成果：Buffer Zone
Task 2: Creating service areas



預期成果：Distance Analysis
Task 3.1: Identifying service areas



預期成果：Distance Analysis
Task 3.2: Geographical accessibility



Task 1.1: Tornado damage assessment

1. Mapping

2. Selecting area+ clip

3. Interaction

4. Creating new data frame

5. Crosstab analysis

(creating a two-way table)



Task 1.1: Tornado damage assessment

2. Selecting area+ clip

index <- us_states_sf$STATE_NAME == "Texas" | 

us_states_sf$STATE_NAME == "New Mexico" | 

us_states_sf$STATE_NAME == "Oklahoma" |  

us_states_sf$STATE_NAME == "Arkansas"  

AoI_sf <- us_states_sf [index,]

AoI_bg <- tm_shape(AoI_sf) + tm_polygons("grey90")

torn_clip_sf <- torn_sf [AoI_sf, ] 

torn_clip <- tm_shape(torn_clip_sf) + tm_dots(col = “#FB6A4A”, size = 0.04,

shape = 1, alpha = 0.5)

AoI_bg + torn_clip



Task 1.1: Tornado damage assessment

3. Interaction + 4. Creating a new data frame

AoI_torn_sf <- st_intersection (AoI_sf, torn_clip_sf)

AoI_torn_df <- as.data.frame(AoI_torn_sf)

AoI_torn_df$STATE_NAME <- droplevels(AoI_torn_df$STATE_NAME) 

newdf<- data.frame(Name = AoI_torn_df$STATE_NAME,

Damage= AoI_torn_sf$DAMAGE)



Task 1.1: Tornado damage assessment

5. Crosstab analysis

Count <- table (newdf$Damage, newdf$Name)

Count2 <- xtabs (~ newdf$Damage + newdf$Nam )



10 min 自行練習 #1

 利用 st_intersection 計算「台北市大安區」

的麥當勞與肯德基的店家數

Fast_Food (points)：台北市速食店分布

Popn_TWN2 (polygons)：台灣行政區人口數



Task 1.2: Creating a tornado density map

(Counting points in polygons)

new1<- st_intersection (us_states_sf, torn_sf)

df2<- data.frame ( new1$STATE_NAME, new1$TOR_NO)

df3<- table (new1$STATE_NAME)

df3<-as.data.frame(df3)

colnames(df3) <- c("STATE_NAME","Counts")

us_states_sf<- left_join (us_states_sf, df3) # dplyr package

area1<-st_area(us_states_sf)                    # unit: foot

area1<-set_units(area1, km^2)               # units package

us_states_sf$AREA1 <- area1

us_states_sf$Density <- us_states_sf$Counts / us_states_sf$AREA1

plot(us_states_sf["Density"], breaks = "jenks", nbreaks = 6, pal=brewer.reds(6))



dplyr::left_join()  

left_join (us_states_sf, df3) 

sf format data.frame



10 min 自行練習 #2

 列出台北市各行政區(名稱)的麥當勞店家總數

Fast_Food (points)：台北市速食店分布

Popn_TWN2 (polygons)：台灣行政區人口數



Task 2: Creating service areas 

st_crs(places_sf)

st_crs(places_sf)<- st_crs(blocks_sf)

block_bg <- tm_shape(blocks_sf) + tm_polygons("grey90")

places_pts <- tm_shape(places_sf) + tm_dots(col = "#FB6A4A", size = 0.5)

block_bg + places_pts

places_buf_sf <- st_buffer (places_sf, dist = 3000) 

places_buf <- tm_shape(places_buf_sf) + tm_polygons("yellow")

block_bg + places_buf + places_pts

places_bufU_sf <- st_union(places_buf_sf)

places_bufU <- tm_shape(places_bufU_sf) + tm_polygons("yellow")

block_bg + places_bufU + places_pts



10 min 自行練習 #3

 利用 st_buffer建立服務範圍地圖

 麥當勞店家位置 +合併的1 km服務範圍

Fast_Food (points)：台北市速食店分布



Task 3.1: Identifying service areas

blocks_center_sf <- st_centroid (blocks_sf)

blocks_center <- tm_shape(blocks_center_sf) + tm_dots(col = "blue")

blocks_center + places_pts

st_distance (blocks_center_sf[1,], places_sf[2,])



Distance matrix

distance.matrix <- set_units ( distance.matrix, km)

places (e.g. hospital)

ce
n

tr
o

id
s



Using apply() function

near_dist<- apply ( distance.matrix, 1, mean)

near_dist [1]



檢索與查詢

xid<- which.min (near_dist)

near_dist [xid]

blocks_sf [xid,]

blocks_sf$POP1990 [xid]

到醫院的平均距離最短的 block id = “110”

block id = “110”的就醫平均距離 = 3.32017

挑選出該 block

該 block的人口數(POP1990)



Identifying service areas
挑選最近就醫距離小於1公里的地區

min_dist<- apply(distance.matrix, 1, min)

sel_blocks<- min_dist < 3000

sel_sf <- blocks_sf [sel_blocks, ]

sel_map <- tm_shape(sel_sf) + tm_polygons("yellow")

block_bg + sel_map + places_pts



另一種方式：st_is_within_distance()

d1<- set_units(1, km)

sel_blocks = st_is_within_distance (blocks_center_sf, places_sf, dist = d1)

sel_blocks <- lengths(sel_blocks) > 0

sel_sf <- blocks_sf [sel_blocks,]

sel_map <- tm_shape(sel_sf) + tm_polygons("yellow")

block_bg + sel_map + places_pts



另一種方式：st_is_within_distance() -- 續
（挑選特定一間醫院的1公里服務地區）

sel_blocks = st_is_within_distance (blocks_center_sf, places_sf[3,] , dist = d1)

sel_blocks <- lengths (sel_blocks) > 0

sel_sf <- blocks_sf [sel_blocks,]

sel_map <- tm_shape(sel_sf) + tm_polygons("yellow")

block_bg + sel_map + places_pts

TOTAL_POP <- sum(sel_sf$POP1990)

TOTAL_WHITE <- sum(sel_sf$POP1990 * (sel_sf$P_WHITE/100) )



Task 3.2: Geographical accessibility

eth<- as.data.frame(blocks_center_sf[,14:18])

eth<- as.matrix(eth[,1:5])

eth<- apply(eth, 2, function(x) (x*blocks_center_sf$POP1990))

colnames(eth)<- c("White","Black","Native","Asian","Other")

eth.access <- xtabs (eth~sel_blocks)



Task 3.2: Geographical accessibility (cont’d)

eth.access <- as.data.frame(eth.access)

colnames(eth.access) <- c("Access","Eth5","Pop")

library(ggplot2)

ggplot(eth.access) + aes(fill=Access, y=Pop, x=Eth5) + 

geom_bar(position="stack", stat="identity")



Review: R functions for spatial analysis

 Spatial Intersection: st_intersection() 

 Buffering: st_buffer()

 Merging Spatial Features: st_union()

 Point-in-Polygon: crosstab analysis

 Data Join: left_join() 

 Area Calculation: st_area() 

 Distance Matrix: st_distance() and 

st_is_within_distance()



本週實習

擷取麥當勞店家位置；

 以台北市為範圍，麥當勞 1 km為服務範圍內所涵蓋的麥當勞分

店數，定義為該家麥當勞店家的連鎖密度，請問哪一家麥當勞

的連鎖密度最高?繪製在地圖上，並標示該店家名稱。

 以台北市為範圍，麥當勞 1 km為服務範圍。以台北市各里中心

點是否在涵蓋該麥當勞的服務範圍，作為判斷該麥當勞是否能

服務到該里的標準。請問哪個里可被麥當勞服務的家數最多?

繪製在地圖上，並標示該里的位置及可及的麥當勞店家。

Fast_Food (points) 台北市速食店位置

Taipei_Vill (polygons) 台北市各里人口數

繳交期限：本週五（3/19）



本週作業1

 將實習所定義麥當勞的連鎖密度，建立 chainstore(d)的自

訂函數，可繪製服務半徑(d) vs.麥當勞的關係圖表。

distance

麥當勞 d公里的服務半徑

平
均
每
家
麥
當
勞
的

連
鎖
密
度

Fast_Food (points) 台北市速食店位置

Taipei_Vill (polygons) 台北市各里人口數

繳交期限：下次上課前（3/29）繳交



本週作業2

 比較 A區(文山+大安+中正)與 B區(信義+南港+松山)的麥當勞

連鎖密度：

利用統計檢定方法，評估 A區的平均每家麥當勞連鎖密度

是否顯著高於 B區。(服務半徑(d) = 1.5 km)

(需列出虛無假設與對立假設，並說明檢定的顯著水準)。

Fast_Food (points) 台北市速食店位置

Taipei_Vill (polygons) 台北市村里人口數

繳交期限：下次上課前（3/29）繳交


